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

The HCMOS family of logic ICs is manufactured using a
self-aligning 3 um 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 CMQOS 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-compztible with existing
54/74 LSTTL and HE4000B CMOS Icgic 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%Vpc and
70%Voc (typical switching threshold 50%Vcc),
supply voltage 2V to 6 V

— 74HCT: TTL input switching levels 0.8V and 2V
(typical switching threshold 28%Vcc), supply
voltage 4.5V to 5.5V

— 74HCU: CMOS input switching levels 20%VCC and
80%V (g (typical switching threshold 50%Vcc),
supply voltage 2V to 6V, unbuffered to allow
operation in the linear mode

The HCMOS family also includes several complex circuits
for switching or multiplexing analog signals. These circuits
have low crosstalk and feedthrough, and a very large
frequency bandwidth.

There are also two FIFOs and three PLLs in the HCMOS
range, of which one (HC/HCT297) is a fully digital type.

Introduction

HCMOS FEATURES

Very low power dissipation

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

DC noise margin of 74HC types three times that of TTL
I1Cs

Logic output levels 0.1V and Voo — 0.1V
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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HCMOS 74HC/HCT/HCU FAMILY

Type numbers have a suffix which signifies the type of package:
N = plastic DIP; D = plastic SO mini-pack

Functional Index

type no. description pins  classification page
NAND/NOR gates/EXCLUSIVE-NOR gates

HC/HCTO00 quad 2-input NAND gate 14 SSI 7-3
HC/HCTO02 quad 2-input NOR gate 14 SSI 7-7
HC/HCTO03 quad 2-input NAND gate (with open drain outputs) 14 SSi 7-1
HC/HCT10 triple 3-input NAND gate 14 SSI 7-28
HC/HCT20 dual 4-input NAND gate 14 SSi 7-40
HC/HCT27 triple 3-input NOR gate 14 SSi 7-44
HC/HCT30 8-input NAND gate 14 SSI 7-48
HC7266 quad 2-input EXCLUSIVE-NOR gate 14 SSi 7-344
HC/HCT4002 dual 4-input NOR gate 14 SSi 7-517
AND/OR/EXCLUSIVE-OR gates

HC/HCTO08 quad 2-input AND gate 14 SSi 7-25
HC/HCT11 triple 3-input AND gate 14 SSI 7-31
HC/HCT21 dual 4-input AND gate 14 SSi 7-43
HC/HCT32 quad 2-input OR gate 14 SS| 7-52
HC58 dual AND-OR gate 14 SSI 7-57
HC/HCT86 quad 2-input EXCLUSIVE-OR gate 14 SSi 7-79
HC/HCT4075 triple 3-input OR gate 14 SSi 7-647
Inverters/buffers/liné drivers/level shifters

HC/HCTO04 hex inverter 14 SSi 7-16
HCU04 hex inverter (unbuffered) 14 SSI 7-20
HC/HCT125*% quad buffer/line driver; 3-state; output enable active LOW 14 MSI 7-Mm
HC/HCT126* quad buffer/line driver; 3-state; output enable active HIGH 14 MSI 7-16
HC/HCT240* octal buffer/line driver; 3-state; inverting 20 MSI 7-290
HC/HCT241* octal buffer/line driver; 3-state; output enable active LOW or HIGH 20 MSI 7-295
HC/HCT244* octal buffer/line driver; 3-state; output enable active LOW 20 MSI 7-310
HC/HCT365* hex buffer/line driver; 3-state 16 MSI 7-382
HC/HCT366* hex buffer/line driver; 3-state; inverting 16 MSI 7-387
HC/HCT367* hex buffer/line driver; 3-state 16 MSI 7-392
HC/HCT368* hex buffer/line driver; 3-state; inverting 16 MsSI 7-397
HC/HCT540* octal buffer/line driver; 3-state; inverting 20 MSI 7-450
HC/HCT541* octal buffer/line driver; 3-state 20 MSI 7-451
HC4049 hex inverting HIGH-to-LOW level shifter 16 SSi 7-582
HC4050 hex HIGH-to-LOW level shifter 16 SSI 7-587

Types with a bus-driver output stage.

January 1986 1-4
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Functional Index

Type numbers have a suffix which signifies the type of package:
N = plastic DIP; D = 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 7-58
HC/HCT74 dual D-type flip-flop with set and reset; positive-edge trigger 14 FF 7-63
HC/HCT75 quad bistable transparent latch 16 FF 7-68
HC/HCT107 dual JK flip-flop with reset; negative-edge trigger 14 MSI 7-88
HC/HCT109 dual JK flip-flop with set and reset; positive-edge trigger 16 FF 7-93
HC/HCT112 dual JK flip-flop with set and reset; negative-edge trigger 16 FF 7-98
HC/HCT173* quad D-type flip-flop; positive-edge trigger; 3-state 16 MSI 7-212
HC/HCT174 hex D-type flip-flop with reset; positive-edge trigger 16 MSI 7-218
HC/HCT175 quad D-type flip-flop with reset; positive-edge trigger 16 MSI 7-223
HC/HCT259 8-bit addressable latch 16 MSI 7-338
HC/HCT273 octal D-type flip-flop with reset; positive-edge trigger 20 MSI 7-347
HC/HCT373* octal D-type transparent latch; 3-state 20 MSI 7-402
HC/HCT374* octal D-type flip-flop; positive-edge trigger; 3-state 20 MSI 7-408
HC/HCT377 octal D-type flip-flop with data enable; positive-edge trigger 20 MSI 7-414
HC/HCT533* octal D-type transparent latch; 3-state; inverting 20 MSI 7-438
HC/HCT534* octal D-type flip-flop; positive-edge trigger; 3-state; inverting 20 MSI 7-444
HC/HCT563* octal D-type transparent latch; 3-state; inverting; bus oriented pin-out 20 MSI 7-452
HC/HCT564* octal D-type flip-flop; positive-edge trigger; 3-state; inverting;

bus oriented pin-out 20 MSI 7-458
HC/HCT573* octal D-type transparent latch; 3-state; bus oriented pin-out 20 MSI 7-463
HC/HCT574* octal D-type flip-flop; positive-edge trigger; 3-state; bus oriented pin-out 20 MSI 7-469
HC/HCT670* 4 x 4 register file; 3-state 16 MSI 7-506
HC/HCT7030 9-bit x 64-word FIFO register; 3-state 28 MmsSi 7-764
HC/HCT40105 4-bit x 16-word FIFO register 16 MSI 7-813
Shift registers
HC/HCT164 8-bit serial-in/parallel-out shift register 14 MSI 7-194
HC/HCT165 8-bit parallel-in/serial-out shift register 16 MSI 7-199
HC/HCT166 8-bit parallel-in/serial-out shift register; with reset 16 MSI 7-205
HC/HCT194 4-bit bidirectional universal shift register 16 MSi 7-269
HC/HCT195 4-bit parallel access shift register 16 MSI 7-276
HC/HCT299* 8-bit universal shift register; 3-state 20 MSI 7-371
HC/HCT597 8-bit shift register with input flip-flops 16 MSI 7-475
HC/HCT7597 8-bit shift register with input latches 7-476
HC/HCT4015 dual 4-bit serial-in/parallel-out shift register 16 MSI 7-521
HC/HCT4094 8-stage shift-and-store bus register 16 MSI 7-650
HC/HCT40104* 4-bit bidirectional universal shift register; 3-state 16 MSI 7-807

* Types with a bus-driver output stage.

1-5
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Functional Index

Type numbers have a suffix which signifies the type of package:
N = plastic DIP; D = plastic SO mini-pack

* Types with a bus-driver output stage.

January 1986

type no. description pins classification  page
Arithmetic circuits

HC/HCT85 4-bit magnitude comparator 16 MSI 7-73
HC/HCT181 4-bit arithmetic logic unit 24 MSI 7-228
HC/HCT182 look-ahead carry generator 16 MSI 7-230
HC/HCT280 9-bit odd/even parity generator/checker 14 MSI 7-353
HC/HCT283 4-bit binary full adder with fast carry 16 MSI 7-357
HC/HCT583 4-bit BCD full adder with fast carry 16 MSI 7-474
HC/HCT688 8-bit magnitude comparator 20 MSi 7-512
Counters

HC/HCT93 4-bit binary ripple counter 14 MsSI 7-83
HC/HCT160 presettable synchronous BCD decade counter; asynchronous reset 16 MSI 7-168
‘HC/HCT161 presettable synchronous 4-bit binary counter; asynchronous reset 16 MSI 7-176
HC/HCT162 presettable synchronous BCD decade counter; synchronous reset 16 MSI 7-182
HC/HCT163 presettable synchronous 4-bit binary counter; synchronous reset 16 MSI 7-188
HC/HCT190 presettable synchronous BCD decade up/down counter 16 MSI 7-235
HC/HCT191 presettable synchronous 4-bit binary up/down counter 16 MS! 7-246
HC/HCT192 presettable synchronous BCD decade up/down counter 16 MSt 7-257
HC/HCT193 presettable synchronous 4-bit binary up/down counter 16 MSI 7-263
HC/HCT390 dual decade ripple counter 16 MSI 7-420
HC/HCT393 dual 4-bit binary ripple counter 14 MSI 7-426
HC/HCT4017 Johnson decade counter with 10 decoded outputs 16 MSI 7-534
HC/HCT4020 14-stage binary ripple counter 16 MSI 7-542
HC/HCT4024 7-stage binary ripple counter 14 MSH 7-547
HC/HCT4040 12-stage binary ripple counter 16 MSI 7-552
HC/HCT4059 programmable divide-by-n counter 24 MSI 7-631
HC/HCT4060 14-stage binary ripple counter with oscillator 16 MSI 7-634
HC/HCT4510 BCD up/down counter 16 MSI 7-
HC/HCT4516 binary up/down counter 16 MSI 7-734
HC/HCT4518 dual synchronous BCD counter 16 MSI 7-736
HC/HCT4520 dual synchronous 4-bit binary counter 16 MSI 7-742
HC/HCT40102 8-stage synchronous BCD down counter 16 MSI 7-792
HC/HCT40103 8-bit synchronous binary down counter 16 MSI 7-799
Multiplexers

HC/HCT151 8-input multiplexer 16 MSH 7-4
HC/HCT153 dual 4-input multiplexer 16 MSI 7-147
HC/HCT157 quad 2-input multiplexer 16 (] 7-158
HC/HCT158 quad 2-input multiplexer; inverting 16 MSI 7-163
HC/HCT251 8-input multiplexer; 3-state 16 MSI 7-320



Signetics HCMOS Products

Functional Index

Type numbers have a suffix which signifies the type of package:
N = plastic DIP; D = plastic SO mini-pack

type no. description pins classification  page
Multiplexers (continued)

HCT/HCT253B* dual 4-input multiplexer; 3-state 16 MSI 7-326
HC/HCT257* quad 2-input multiplexer; 3-state 16 MSI 7-332
HC/HCT258 quad 2-input multiplexer; 3-state; inverting 16 MSI 7-337
HC/HCT354* 8-input multiplexer/register with transparent latches; 3-state 20 MSI 7-378
HC/HCT356* 8-input multiplexer/register; 3-state 20 MSi 7-380
Decoders/demultiplexers

HC/HCT42 BCD to decimal decoder (1-0f-10) 16 MSI 7-56
HC/HCT137 3-to-8 line decoder/demultiplexer with address latches 16 MSI 7-126
HC/HCT138 3-to-8 line decoder/demultiplexer; inverting 16 MSI 7-127
HC/HCT139 dual 2-to-4 line decoder/demultiplexer 16 MSI 7-132
HC/HCT147 10-to-4 line priority encoder 16 MSI 7-137
HC/HCT154 4-t0-6 line decoder/demultiplexer 24 MSI 7-153
HC/HCT237 3-to-8 line decoder/demultiplexer with address latches 16 MSI 7-284
HC/HCT238 3-to-8 line decoder/demultiplexer 16 MSI 7-285
HC/HCT4511 BCD to 7-segment latch/decoder/driver 16 MSI 7-713
HC/HCT4514 4-t0-16 line decoder/demultiplexer with input latches 24 MSI 7-720
HC/HCT4515 4-to-16 line decoder/demultiplexer with input latches; inverting 24 MSI 7-727
HC/HCT4543 BCD to 7-segment latch/decoder/driver for LCDs 16 MSI 7-754
Switches/multiplexers/demultiplexers

HC/HCT4016 quad bilateral switches (uncompensated switches) 14 SSI 7-522
HC/HCT4051 8-channel analog multiplexer/demultiplexer 16 MSI 7-592
HC/HCT4052 dual 4-channel analog multiplexer/demultiplexer 16 MSI 7-605
HC/HCT4053 triple 2-channel analog multiplexer/demultiplexer 16 MSH 7-617
HC/HCT4066 quad bilateral switches 14 SSI 7-644
HC/HCT4067 16-channel analog multiplexer/demultiplexer 24 SSi 7-645
HC/HCT4316 quad bilateral switches; with separate analog ground 16 MSH 7-656
HC/HCT4351 8-channel analog multiplexer/demultiplexer with latch 20 MSI 7-669
HC/HCT4352 dual 4-channel analog multiplexer/demultiplexer with latch 20 MSI 7-683
HC/HCT4353 triple 2-channel analog multiplexer/demultiplexer with latch 20 MSI 7-697
Bus transceivers

HC/HCT242* quad bus transceiver; 3-state; inverting 14 MSI 7-300
HC/HCT243* quad bus transceiver; 3-state 14 MSI 7-305
HC/HCT245* octal bus transceiver; 3-state 20 MsSI 7-315
HC/HCT640* octal bus transceiver; 3-state; inverting 20 MSI 7-484
HC/HCT643* octal bus transceiver; 3-state; true/inverting 20 MSI 7-489
HC/HC/646™ octal bus transceiver/register; 3-state 24 MSI 7-494
HC/HCT648* octal bus transceiver/register; 3-state; inverting 24 MSI 7-500

* Types with a bus-driver output stage.

1-7
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Functional Index

Type numbers have a suffix which signifies the type of package:
N = plastic DIP; D = plastic SO mini-pack

type no. description pins  classification  page
Schmitt triggers

HC/HCT14 hex inverting Schmitt trigger 14 SSI 7-35
HC/HCT132 quad 2-input NAND Schmitt trigger 14 SSI 7-121
One-shot multivibrators

HC/HCT123 dual retriggerable monostable multivibrator with reset 16 MSI 7-104
HC/HCT221 dual non-retriggerable monostable multivibrator with reset 16 MSI 7-282
HC/HCT423 dual retriggerable mor ostable multivibrator with reset 16 MS! 7-431
HC/HCT4538 dual retriggerable precision monostable multivibrator 14 MSI 7-748
Miscellaneous

HC/HCT297 digital phase-locked-loop filter 16 MS| 7-363
HC/HCT4C46A phase-locked-loop with VCO 16 MSI 7-557
HC/HCT7046A phase-locked-loop with lock detector 16 MSI 7-767

* Types with a bus-driver output stage.
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HCMOS Products

HCMOS 74HC/HCT/HCU FAMILY

type no. description page
HC/HCTO00 quad 2-input NAND gate 7-3
HC/HCT02 quad 2-input NOR gate 7-7
HC/HCTO03 quad 2-input NAND gate (with open drain outputs) 7-11
HC/HCT04 hex inverter 7-16
HCU04 hex inverter (unbuffered) 7-20
HC/HCT08 quad 2-input AND gate 7-25
HC/HCT10 triple 3-input NAND gate 7-28
HC/HCT11 triple 3-input AND gate 7-31
HC/HCT14 hex inverting Schmitt trigger 7-35
HC/HCT20 dual 4-input NAND gate 7-40
HC/HCT21 dual 4-input AND gate 7-43
HC/HCT27 triple 3-input NOR gate 7-44
HC/HCT30 8-input NAND gate 7-48
HC/HCT32 quad 2-input OR gate 7-562
HC/HCT42 BCD to decimal decoder (1-0f-10) 7-56
HC58 dual AND-OR gate 7-57
HC/HCT73 dual JK flip-flop with reset; negative-edge trigger; supply on centre pins 7-58
HC/HCT74 dual D-type flip-flop with set and reset; positive-edge trigger 7-63
HC/HCT75 quad bistable transparent latch 7-68
HC/HCT85 4-bit magnitude comparator 7-73
HC/HCT86 quad 2-input EXCLUSIVE-OR gate 7-79
HC/HCT93 4-bit binary ripple counter 7-83
HC/HCT107 dual JK flip-flop with reset; negative-edge trigger 7-88
HC/HCT109 dual JK flip-flop with set and reset; positive-edge trigger 7-93
HC/HCT112 dual JK flip-flop with set and reset; negative-edge trigger 7-98
HC/HCT123 dual retriggerable monostable multivibrator with reset 7-104
HC/HCT125* quad buffer/line driver; 3-state; output enable active LOW 7-m
HC/HCT126* quad buffer/line driver; 3-state; output enable active HIGH 7-116
HC/HCT132 quad 2-input NAND Schmitt trigger 7-121
HC/HCT137 3-t0-8 line decoder/demultiplexer with address latches 7-126
HC/HCT138 3-t0-8 line decoder/demultiplexer; inverting 7-127
HC/HCT139 dual 2-to-4 line decoder/demultiplexer 7-132
HC/HCT147 10-to-4 line priority encoder 7-137
HC/HCT151 8-input multiplexer 7-141
HC/HCT153 dual 4-input multiplexer 7-147
HC/HCT154 4-t0-16 line decoder/demultiplexer 7-153
HC/HCT157 quad 2-input multiplexer 7-158
HC/HCT158 quad 2-input multiplexer; inverting 7-163
HC/HCT160 presettable synchronous BCD decade counter; asynchronous reset 7-168
HC/HCT161 presettable synchronous 4-bit binary counter; asynchronous reset 7-176

* Types with a bus driver output stage. 1-9 January 1986
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Numeric Index
type no. description page
HC/HCT162 presettable synchronous BCD decade counter; synchronous reset 7-182
HC/HCT163 presettable synchronous. 4-bit binary counter; synchronous reset 7-188
HC/HCT164 8-bit serial-in/parallel-out shift register 7-194
HC/HCT165 8-bit parallel-in/serial-out shift register 7-199
HC/HCT166 8-bit parallel-in/serial-out shift register; with reset 7-205
HC/HCT173* quad D-type flip-flop; positive-edge trigger; 3-state 7-212
HC/HCT174 hex D-type flip-flop with reset; positive-edge trigger 7-218
HC/HCT175 quad D-type flip-flop with reset; positive-edge trigger 7-223
HC/HCT181 4-bit arithmetic logic unit 7-228
HC/HCT182 look-ahead carry generator 7-230
HC/HCT190 presettable synchronous BCD decade up/down counter 7-235
HC/HCT191 presettable synchronous 4-bit binary up/down counter 7-246
HC/HCT192 presettable synchronous BCD decade up/down counter 7-257
HC/HCT193 presettable synchronous 4-bit binary up/down counter 7-263
HC/HCT194 4-bit bidirectional universal shift register 7-269
HC/HCT195 4-bit parallel access shift register 7-276
HC/HCT221 dual non-retriggerable monostable multivibrator with reset 7-282
HC/HCT237 3-to-8 line decoder/demultiplexer with address latches 7-284
HC/HCT238 3-to0-8 line decoder/demultiplexer 7-285
HC/HCT240* octal buffer/line driver; 3-state; inverting 7-290
HC/HCT241* octal buffer/line driver; 3-state; output enables active LOW or HIGH 7-295
HC/HCT242* quad bus transceiver; 3-state; inverting 7-300
HC/HCT243* quad bus transceiver; 3-state 7-305
HC/HCT244* octal buffer/line driver; 3-state; output enable active LOW 7-310
HC/HCT245* octal bus transceiver; 3-state 7-315
HC/HCT251 8-input multiplexer; 3-state 7-320
HC/HCT253B* dual 4-input multiplexer; 3-state 7-326
HC/HCT257* quad 2-input multiplexer; 3-state 7-332
HC/HCT258 quad 2-input multiplexer; 3-state; inverting 7-337
HC/HCT259 8-bit addressable latch 7-338
HC7266 quad 2-input EXCLUSIVE-NOR gate 7-344
HC/HCT273 octal D-type flip-flop with reset; positive-edge trigger 7-347
HC/HCT280 9-bit odd/even parity generator/checker 7-353
HC/HCT283 4-bit binary full adder with fast carry 7-357
HC/HCT297 digital phase-locked-loop filter 7-363
HC/HCT299* 8-bit universal shift register; 3-state 7-371
HC/HCT354* 8-input multiplexer/register with transparent latches; 3-state 7-378
HC/HCT356* 8-input multiplexer/register; 3-state 7-380
HC/HCT365* hex buffer/line driver; 3-state 7-382
HC/HCT366* hex buffer/line driver; 3-state; inverting 7-387

* Types with a bus driver output stage.

January 1986
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Numeric Index
type no. description page
HC/HCT367* hex buffer/line driver; 3-state 7-392
HC/HCT368* hex buffer/line driver; 3-state; inverting 7-397
HC/HCT373* octal D-type transparent latch; 3-state 7-402
HC/HCT374* octal D-type flip-flop; positive-edge trigger; 3-state 7-408
HC/HCT377 octal D-type flip-flop with data enable; positive-edge trigger 7-414
HC/HCT390 dual decade ripple counter 7-420
HC/HCT393 dual 4-bit binary ripple counter 7-426
HC/HCT423 dual retriggerable monostable multivibrator with reset 7-431
HC/HCT533* octal D-type transparent latch; 3-state; inverting 7-438
HC/HCT534* octal D-type flip-flop; positive-edge trigger; 3-state; inverting 7-444
HC/HCT540* octal buffer/line driver; 3-state; inverting 7-450
HC/HCT541* octal buffer/line driver; 3-state 7-451
HC/HCT563* octal D-type transparent latch; 3-state; inverting; bus oriented pin-out 7-452
HC/HCT564* octal D-type flip-flop; positive-edge trigger; 3-state; inverting; bus oriented pin-out 7-458
HC/HCT573* octal D-type transparent latch; 3-state; bus oriented pin-out 7-463
HC/HCT574* octal D-type flip-flop; positive-edge trigger; 3-state; bus oriented pin-out 7-469
HC/HCT583 4-bit BCD full adder with fast carry 7-474
HC/HCT597 8-bit shift register with input flip-flops 7-475
HC/HCT7597 8-bit shift register with input latches 7-476
HC/HCT640* octal bus transceiver; 3-state; inverting 7-484
HC/HCT643* octal bus transceiver; 3-state; true/inverting 7-489
HC/HCT646* octal bus transceiver/register; 3-state 7-494
HC/HCT648* octal bus transceiver/register; 3-state; inverting 7-500
HC/HCT670* 4 x 4 register file; 3-state 7-506
HC/HCT688 8-bit magnitude comparator 7-512
HC/HCT4002 dual 4-input NOR gate 7-517
HC/HCT4015 dual 4-bit serial-in/parallel-out shift register 7-621
HC/HCT4016 quad bilateral switches (uncompensated switches) 7-522
HC/HCT4017 Johnson decade counter with 10 decoded outputs 7-534
HC/HCT4020 14-stage binary ripple counter 7-542
HC/HCT4024 7-stage binary ripple counter 7-547
HC/HCT4040 12-stage binary ripple counter 7-552
HC/HCT4046A phase-locked-loop with VCO 7-557
HC4049 hex inverting HIGH-to-LOW level shifter 7-582
HC4050 hex HIGH-to-LOW level shifter 7-587
HC/HCT4051 8-channel analog multiplexer/demultiplexer 7-592
HC/HCT4052 dual 4-channel analog multiplexer/demultiplexer 7-605
HC/HCT4053 triple 2-channel analog multiplexer/demultiplexer 7-617
HC/HCT4059 programmable divide-by-n counter 7-631
HC/HCT4060 14-stage binary ripple counter with ascillator 7-634

* Types with a bus driver output stage.

1-1
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Numeric Index

type no.

description

page
HC/HCT4066 quad bilateral switches 7-644
HC/HCT4067 16-channel analog multiplexer/demultiplexer 7-645
HC/HCT4075 triple 3-input OR gate 7-647
HC/HCT4094 8-stage shift-and-store bus register 7-650
HC/HCT4316 quad bilateral switches; with separate analog ground 7-656
HC/HCT4351 8-channel analog multiplexer/demultiplexer with latch 7-669
HC/HCT4352 dual 4-channel analog multiplexer/demultiplexer with latch 7-683
HC/HCT4353 triple 2-channel analog multiplexer/demultiplexer with latch 7-697
HC/HCT4510 BCD up/down counter ) 7-
HC/HCT4511 BCD to 7-segment latch/decoder/driver 7-713
HC/HCT4514 4-t0-16 line decoder/demultiplexer with input latches 7-720
HC/HCT4515 4-10-16 line decoder/demultiplexer with input latches; inverting 7-727
HC/HCT4516 binary up/down counter 7-734
HC/HCT4518 dual synchronous BCD counter 7-736
HC/HCT4520 dual synchronous 4-bit binary counter 7-742
HC/HCT4538 dual retriggerable precision monostable multivibrator 7-748
HC/HCT4543 BCD to 7-segment latch/decoder/driver for LCDs 7-754
HC/HCT7030 9-bit x 64-word FIFO register; 3-state 7-764
HC/HCT7046A phase-locked-loop with lock detector 7-767
HC/HCT40102 8-bit synchronous BCD down counter 7-792
HC/HCT40103 8-bit synchronous binary down counter 7-799
HC/HCT40104* 4-bit bidirectional universal shift register; 3-state 7-807
HC/HCT40105 4-bit x 16-word FIFO register 7-813

* Types with a bus driver output stage.

January 1986
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HCMOS Products

TYPE NUMBER DESIGNATIONS

74 XXX XXXXX X
T T T T

L package code; N = plastic; D = 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 to 5.5 V, fully buffered

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

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

72930741

type number
terminal 1 TAXXXXXXXXX = [ designation
identification ~> XXXXXX X
factory identification — 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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HCMOS Products
QUALITY ASSURANCE

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

design and development

wafer fabrication

assembly

inspection and testing

batch release

customer liaison.

This results in continuous feedback of data which enables
us to refine production conditions, test methods and
designs to yield optimum quality in the final application.

Design and development

Layout rules and design parameters for our HCMOS family
of ICs are specified in our Design Manual which reflects
more than ten years’ experience in CMOS silicon-gate
production.

During the CAD generation of new circuit designs,
layouts are automatically checked against the rules laid
down in the Design Manual. Each layout is further checked
by the Quality Department against not only the Design
Manual requirements, but also the capabilities of the
assembly process and product specifications.

Wafer fabrication

To realize the full performance potential of our HCMOS
technology we have developed a new organizational struc-
ture for the wafer fabrication process. Production flow is
now divided Between technology-oriented Control Groups
that are responsible for

— process control

— equipment engineering
— calibration

— contamination control

— training.

Quality and Reliability

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.2 Quality control during wafer fabrication is the respon-
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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 cyel.
storage —

low temperature —65°C 1000 h
storage —

high temperature +150°C 1000 h
electrostatic discharge 1,5k, 100 pF,>2kV  —

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:

\

“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.)

Vee
from 1009 1700 o
input pin oolysiiieon circuit
resistor diffused
diode

resistor 4 72970171

Fig.4 Input network used to protect our HCMOS ICs
from electrostatic discharge

AQL
(combined) inspection
! (%) level
functional + electrical parameters 0,1 1
visual + mechanical 0,1 11

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 (168 h at 1256°C).

January 1986

ESD resistance of our HCMOS is measured for both
positive and negative discharge from a 100pF capacitor
through a 1,5 k2 resistor. Pulse rise time is 13%2 ns. Results
obtained from Acceptance testing are given in Table 2.

TABLE 2
ESD resistance of our HCMOS ICs (cumulative results)
polarity 1% fail 50% fail
_inputs positive 2050 V 2700 V
negative 2300V >3000 V
outputs >3000 V >3000 V
supply >3000 V >3000 V
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72917831 7291784.1 7291785.1
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1986

Fig.5 Process average rejects level (in ppm) for (a) electrica! parameters and functions combined; (b) function only;
(c) mechanical and visual defects. Target quality levels are also indicated

OUTGOING QUALITY
. . TABLE 3

The results from Quality Department Acceptance testing . N o

provide a good indication of the outgoing quality of our Temperature-humidity-bias (85 "C/85% RH/6 V)

HCMOS ICs. Figure 5 shows, in terms of ‘electrical para- DIL package

meters and functions’ and ‘mechanical and visual’, the failures {cum)

reject levels recorded in ppm (parts per million) for 1983, testtime  sample cumulative

1984 and the first half of 1985, together with the pro- h) N param. _ function % failure

jected levels for 1985 and 1986. 1000 1685 3 3 0,36
2000 1018 3 6 0,88
3000 420 5 8 3,10

ENDURANCE AND ENVIRONMENTAL TEST 4000 360 6 5 3,06

RESULTS 6000 120 3 3 5,00

Temperature-humidity-bias

THB testing measures the moisture resistance of plastic DIL SO package

and SO packages. It is performed at 85 °C and 85% relative . failure (cum) .

humidit}/ with VCC = 6 V. Electrical measurements (against ::s)t time :\lamp’e p—am ;:Jfr:;:‘ar:ve

the Device Specification) are made after 168 h, 500 h, 1000 h

and every 1000h thereafter. Functional failures are sub- 1000 350 0 0 0

jected to failure analysis. 2000 100 o 0 0

Results from tests done from 1983 to September 1985, 3000 40 0 0 0
Table 3, show the excellent moisture resistance of our
packages, even after extended test durations. Failure analysis of rejects:
Results of THB testing confirm that there is no signifi- Parameter: Icc leakage.
cant difference between the results of tests on ICs in DIL Function: mostly corrosion, some IcC leakage.
and SO packages.
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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 86% and a pressure of 250 kPa (2,5 atmospheres). The
results given in Table 4 attest to the excellence of the
silicon-nitride/pqusilicon-gate protection layer and the
workmanship of the package. ‘

TABLE 4
Autoclave with bias (132 °C/85% 13H/6 V)

DIL package

) failures (cum) .
test time sample cumulative
(h) N param.  function % failure
120 700 6 3 1,29
180 530 1 6 132
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 0 3 143
240 150 0 2 133
300 150 0 2 133
360 60 0 0 0
Failure analysis of rejects:
Parameter: Icc 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. |Cs 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. 1Cs are tested for
function and electrical parameters before the test starts, and
then after48h, 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
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packages has been detected. In Table 6 the results given in
Table 5 are derated to 50 °C operating temperature, using
an activation energy EA of 0,7 eV. Figure 6 gives the derate
failure rates for various activation energies.

TABLE 5
Life test results: HCMOS, 1983/Sept. ‘85 (cumulative)
T test duration (h)
c) 1000 2000 4000 8000
(failures/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 (Igg, 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) (10%)
Plastic DIL
125 0,077 88 0
150 6,465 24631 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 Ep = 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 =68 FITS (6,8 x 10°/h) at 60% confidence
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Fig.6 Projected failure rates for our HCMOS ICs as a function
of temperature, with activation energy as parameter

Temperature cycling

Cycling between —65 °C and +150 °C generates stresses that
test the structural integrity of dice and packages. We
perform this test according to the requirements of MIL-
STD-883C, Method 1010, Condition C. Samples are checked
before and after the test for function and electrical para-
meters against the published values. Two failures have been
observed in 1200 cycles, as reported in Table 7.

TABLE 7
Temperature cycling: —65 °C to +150 °C in dry air
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 o 288 1]
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 |EC68 and MIL-STD-883C specifications.
These are listed in Table 8, together with results obtained
during 1983 and 1984.
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Periodic reliability test program: 1983/1984 results

TABLE 8

derived from

sub- description - IEC 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
c3 robustness of termination 68-2-21 2004 234 0 108 ]
— tensile Test Ua cond. A
— bending Test Ub cond. B1 ‘
— lead fatigue Test Ub cond. B2
Cc4 temperature treatments (sequentia’) 1739 0 157 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)
c8 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 1010cond. C 1686 O 1016 0
c11 storage endurance 68-2-2 Test Ba 1008 cond. C 863 0 105 0
1000 h at T, = 150°C
c12 storage endurance 68-2-1 Test Ab 625 O 105 0
1000 h at T, = —65°C
Cc13 transient energy 3015
C15 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.

nE = number failures.

January 1986
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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. It is 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 maximumratings 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
changes in operating conditions due to variations in the characteristics
of the device under consideration and of all other electronic devices in
the equipment.

Rating Systems

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
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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 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 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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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 muitiplexers, long
time-constant multivibrators, phase-locked loops) and the
aforementioned performance open new avenues in system
design.

For comparison, the key perforinance parameters of
HCMOS are shown with those of c«ther 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 1 Comparison of CMOS and TTL technologies;

User’'s Guide

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.

7297000

[N
cMos cD40008 ||

140
typical /(
delay
(ns)
100
L—1
CMOS HE40008
/
60
L+
20 LSTTL
0 ] HCMOS
0 50 100

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

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

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
par
family 74HC 4000 74 74LS 748 74ALS 74AS 74F
CD HE
Power dissipation, typ. {mW)
Gate static 0.0000025 0.001 10 2 19 1.2 8.6 5.5
a .
dynamic @ 100 kHz 0.075 0.1 10 2 19 1.2 8.5 5.5
Counter static 0.000005 0.001 300 100 500 60 - -190
dynamic @ 100 kHz 0.125 0.120 300 100 500 60 - 190
Propagation delay (ns)
Gate typical 8 94 40 10 9.5 3 4 15 3
2a 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
Maximum clock frequency (MHz)
typical 55 4 12 25 33 100 60 160 125
D-type flip-flop
minimum 30 2 6 15 25 75 40 - 100
Count typical 45 2 6 32 32 70 45 - 125
UM inimum 25 103 2 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
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Table 2: Comparison of HCMOS and LSTTL circuits (Vo = 5 V unless stated otherwise; CL =50 pF)

characteristic 74HCXXX (note 1) 74LSXXX
74HCTXXX
Max. quiescent power dissipation over temp. range at Vccmax
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) g 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) 4.75 to 5.25
451055 (HCT)
Operating temperature range (°C) —40 to +85 0to +70
—40 to +125
Max. noise margin (VNMH/VNML Vi loHCMOS =20 1A Ig sTTL =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 Tamb max ad Veemin (MA)
source current (Vo = 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 =04 V) 8 12
bus logic (VOL =05V) 9 24
Typ. output transition time (ns) (C|_= 15 pF)
standard logic
tTLH 6 15
tTHL 6 6
bus logic
tTLH 4 15
HL 4 6
Typ. propagation delay (ns) (C|_= 15 pF; note 3)
gate tpyy) /tpL 4 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)
hL -1 —400 to —800
IiH 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.

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

T HWN =

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

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

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

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

transistor has a higher overlap capacitance than an HCMOS
transistor. Furthermore, the deeper diffusions 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:

-3 gate width

|DS=_.

- threshold 2
2 Xgate length x (gate voltage - threshold voltage)

where 8 is the current gain factor which is proportional to
the thickness of the oxide layer.
The threshold voltage is typically 0.7 V for HCMOS.

HE40008B

n - channel p - channel

Locos

interconnect

. source gate drain drain gate source

poly-Si  pt
== Si0y &3 nt
Aluminium

LOCOS = local oxidation of silicon

Fig. 2 Basic inverter (left) in HE4000B CMOS, 6 um gate, and (right) in HCMOS, 3 um gate.
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Fig. 3 (a) Basic CMOS inverter; (b) electrical equivalent; (c) parasitic capacitances in a CMOS inverter.
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AC CHARACTERISTICS

Test conditions

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

Values given in the data sheets are for the whole oper-
ating temperature range (—40 to +125°C) and the supply
voltages used are 2.0V, 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 15 pF 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,
comparable to that of its LSTTL equivalent. Owing to the
different (more informative) way of specifying data for
HCMOS devices, it will be useful to indicate how to com-
pare the published data for HCMOS and LSTTL.

For example, in an LSTTL specification, the use of a
15pF load instead of a 50 pF one means the maximum
propagation delays and enable 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 bV 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, 1kQ load, for
LSTTL with a 5pF, 2k load or for a 45 pF, 667 Q2 load.
To compare a HCMOS disable time with that fora LSTTL
device with a 5pF load, subtract 4 ns from the published
HCMOS disable 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-

January 1986

lished HCMOS value with an LSTTL value, multiply the

HCMOS value by 0.9.
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Fig. 4 Typical output transition times as a function
of load capacitance; Tamp =25 °C; for 74HCT cir-
cuits the data at Vo = 4.5V only is valid.
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Operating frequency is also unaffected by output load,
but is affected by supply voltage. To compare a published
HCMOS value with an LSTTL value, multiply the value for
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 560%Vcc for 74HC devices), so HIGH-to-
LOW output transition times are slightly more dependent
on load and the LOW-to-HIGH transition times are slightly
less dependent on load than the 74HC versions.

Propagation delays and transition times

The symmetrical push-pull output structure of both 74HC
and 74HCT devices gives symmetrica- 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)

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

standard 2 75 95 110
output 4.5* 15 19 22
6 13 16 19
bus-driver 2 60 75 20
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 OF tTLH

standard output bus-driver output
20V 18.5 ns + 0.32 n§/pF 12.5 ns + 0.22 ns/pF
45V 6.6 ns + 0.12 ns/pF 4.5 ns + 0.077 ns/pF
6.0V 5.6 ns + 0.10 ns/pF 3.8 ns + 0.065 ns/pF

Note: values in pF are the load capacitance minus 50 pF.

7297006
incfease
‘l;'r‘iL
or ,/
tpLH
(ns) 12 -
4 -
8 - 9
slar]dard output. -1
bus;driverou:mul hoed A // L
| S o
7 A
0
~11 |
0 50 100 L (pF) 200
(a) Ve =6V
7297007
increase /
in 16
tPHL /
or /
tPLH
(ns) 12
7
standard output,__|,” v
8 . A
bus-driver // //
output 4
4 .| 4 ]
7
|0
)
/ﬁ%
0 50 100 CL (pF) 200
(b) Ve =45V
729700t
7
im:(ease 4
toAL ,/
lI?L’H A
(ns) 30 <
/
N / 7/
standard output. 7 [ /
20 1
bus-driver. 7\/ 4 >/Y L
output ~/
10 |1 PN |
|/
]
1
0 50 00 o pp) 200
() Vee=2V
— — — expected maximum
——— typical value
Fig.5 Increase in propagation delay for 74HC de-
vices as a function of load capacitance; Typ = 25 °C.
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A parameter specified for TTL devices is the output
short-circuit current HIGH (lQg). 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 |gg because
the purely capacitive loads allow extrapolation of the a.c.
parameters over the whole loading range. Figure 5 (for
74HC devices) and Fig.6 (for 74HCT devices) show the
increase in propagation delay for loads greater than 50 pF.
The additional delay can be calculated from the output
saturation current (short-circuit current). Referring to the
output characteristics (Figs.31 to 34), the propagation
delay is the time taken for the output voltage to reach 50%
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Fig. 6 Increase in propagation delay for 74HCT
devices as a function of load capacitance; the diffe-
rent values for tpy|_ and tp|_ are due to the asym-
metrical reference level of 1.3V at the outputs;
Tamb=25°C; Vec =45 V.

of Vo for 74HC devices, or 1.4V for 74HCT devices.
Since a saturated output transistor acts as a current source,
the additional delay is ACV/l, 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 VGg which is
equal to the supply voltage Vcc. 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

AHC
\\
. Nl
_.]:»ELT
0
0 2 4

vee(v) 8

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

16 72970121

normalized
frequency

I
—=[74HCT)

1,2

08

0,4

0 2 4 Voo (v) 6

Fig. 8 Operating frequency as a function of supply
voltage; Tamp = 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) Tamb 25

where:

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

tp=tp’ (0,997)2% Tamb

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

729701

14

normalized

parameters pd

12

08

—~50 [ 50 100
Tamp (°C)

Fig. 9 Typical influence of temperature on a.c. para-
meters; Vog =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 VCC =45V, 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

5-Q

supply  ambient temperature

voltage 25 °C 85°C 125 °C

2V 5 (5x) 6.25 (5y) 7.5 (562)
45V* 1 (x) 1.25 (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 Voo =4.5V and Tymp = 25°C denoted
in the table by x.

* 74HC and 74HCT devices; 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 VCC and that for 74HCT devices is 28%
of Vgc (1.4V at Ve =5 V). The thresholds are virtually
independent of temperature.

The use of voltage thresholds for clocking is an improve-
ment over a.c. coupled clock inputs, but it does not make
the devices totally insensitive to clock-edge rates. When
clocking occurs, the internal gates and output circuits of
the device dump current to ground, producing a noise
transient that is equal to the algebraic sum of the internal
and external ground plane noise. When a number of loaded
outputs change simultaneously, the device ground reference
(and therefore the clock reference) can rise by as much as
500 mV. If the clock input of a positive-edge triggered
device is at or near to its threshold during a noise transient,
multiple triggering can occur. To prevent this, the rise and
fall times of the clock inputs should be less than the
published maximum (500 ns at Vee=45V).

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-fiops
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

JAdanuans 10RR
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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 D Q D Q

clock

error

a2 | SRR iy correct

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 Voo =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
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them, for example when checking whether data set-up and
hold times are obeyed. At 25°C and 4.5V 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 (22)
45V*  1(x) 1.17 (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 Vo = 4.5V and Ty, = 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-channei and
n-channel transistors don’t conduct at the same time, so
leakage current flows between V¢ 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* (Vy=VgcorGND; i =0)

device quiescent current
complexity typical maximum

at26°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 80uA 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= CPDVCszi + E(CLVCszO) (1)

where:

Cpp is the power dissipation capacitance per package

f; is the input frequency

fo  is the output frequency

CL s the total external load capacitance per output.

The second term of equation (1) implies summing the
product of the effective output load capacitance and
frequency for each output. However, a good approxi-
mation of the total dynamic power dissipation of an HCMOS
system can be obtained by summing the published 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 Cppy 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 Cppy test. Devices which can be separated
into independent sections are measured per section, the
others are measured per device. '

Vee=5V
nA) lec (av)
;;Io,up ;lIOuF
input DEVICE 4 ’
+>—1 UNDERTEST o T output
74HC/ HCT or 74HCY C_-50pF
% l/ 72970141

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

The recommended test frequency for determining Cpp is
1 MHz, but this is best increased to 10 MHz when Ipc 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 Cppy in the data sheet have been calculated
using:

_ ldyn(device)

Cep
Vecfi
where:
ldyn(device) = !cc(Av) — ldyn(load)
and

ldyn(load) =Z(C Vecho)
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Table 8: Pin conditions for Cppy tests.

equiv-

74HC/ alent
HCT

pin numbers

load
(pF)

12345678910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

PHCDDOGODD O D D V

50
50
(¢]

00
02

CPLODDGDDO D D O V

PHBDDOGODD O D D V

03

PCDODOGODO D O D V

50

04

PCDODOGODO D O D V -

50
50
50
50
50
50
50

uo4
08

PHCDDOGODD O D D V

PHDDDOGODD D C H V

10
1
14
20

PHDDDOGODD D C H V

PCDODOGODO D O D V

PHOHHCGODD O D D V

PHOHHCGODD O D D V

21

PLDDDOGODD D C L V -

50
50
50

27

PHHHHHGCOO H H O V

30
32
42

PLCDDOGODD O D D V

CC00000GOO O L L L P vV

100
50
50
50
50
50
50
47

PDDDDOGOLL L H H V -

58
73
74
75
85

PHHVDDDOOD G C C H

HQPHCCGOOD D D D V

cobDDVDDOOO O G P O O C

LHPHOCOGLL L L L L

\%

L

PLCDDOGODD O D D V

86

aLLbvbDDCCG C €C D P
HCCHOOGDDD D P

93

H V

50
50
50

107

HHLPHCCGOO D D D D D V

109

112

PHHHCCOGOD D D D D H V

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

100
50

50

50

123
125
126
132
137

HPCDDOGODD O D D V

PHCDDOGODD O D D V

PLLLLHOGOO O O O C C V

100

100

PLLLLHOGOO O O O C Cc V

138
139
147
151
153
154
157
158
160

161

LPLCCOOGOO O O D DDV
HHHHHOOGCH P

100

50

H H O O V
D D DDV

DDLHCCLGLL P

100
50

DV

LLDDLHCGOD D D D P

10 CCOO0O0O000O00 O G O OOOOTULULULULULZPV

50
50

"PLHCLLOGOL L O L L L V

PLHCLLOGOL L O L L L V

HPDDDDHGHH C C C C C V

55

HPDDDDHGHH €C C C C C V -

50

(continued on next page)
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Table 8 (continued)

equiv-

74HC/ alent
HCT

pin numbers

load
(pF)

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

HPDDDDHGHH C C C C C V

55
50

162
163
164
165
166
173

HP DDDDHGHH C C C C C V

QHCCCCGPHC C C C V

200
50
25
25

HPDDDDCGCQ D D D D L V

QDDDDLPGHD D D C D H V

LLcooopPGLL DDDOQL V

HcQDODOGPO D O D D O V

25

174
175
181

182

HCCQDOOGPO O D D O O V

50

250 PHHLLHHLCC C G C B C C C L H L HL HV
HLHLHLOGCO C C P

150
60

H L V

D VvV
D VvV

190 DccLLCCGDD H C C P

191
192

DccLLCCGDD H C C P

53
60
50

DCCHPCCGDD H C C L DV

DCCHPCCGDD H C C L DV

193
194
195
221
237
238
240
241
242

HODDDDDGHL P C C C C V

100
125

HHLDDDDGHP C C C C C V

LHPCOOOGDD D O C O R V

100
100
100
50
50
50
50
50
50

PLLLLHOGOO O O O C C V

PLLLLHOGOO O O O C Cc V

LPODODODOG D O D OD OTUDTCDV

LPODODODOG D O D O D OD C H V

LOPDDDGOOO C O L V

LOPDDDGOOO C O L V

243
244
245
251

LPODODODOG D O D OD OUDTCDV

HPDDDDDDDG O O O O O O OC

DDLHCCLGLL P

\

L

DD DDV

100
50
50
50
25
50
25

D V

LLDDLHCGOD D D D P
PLHCDDOGOD D O D D L V

263B
257
258
259

PLHCDDOGOD D O D D L V

H V

LLLCOOOGOO O O Q P

PLCODDGDDO O D D V

7266
273
280
283
297

HcaoaboobboG P O DD O ODTUD OV

LLoLccGPLL L L L V

100
250
12

CHLCPHLGCC H L C L H V

HHHPQLCGDD O O D H H V

HLLCCCCCHG QP C C C CC D L V

DDDDDDLHLG L L L P

250
100
50
50
50

299

L L HCCV

354
356
365

DDDDDDDQPG L L L L L L HCC V
LPCDODOGOD O D O D L V

LPCDODOGOD O D O D L V

366

(continued on next page)

January 1986

5-13



Signetics HCMOS Products

User’s Guide

Table 8 (continued)

pin numbers

equiv-

-~ 74HC/ alent

load

(pF)

HCT

12345678910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

LPCDODOGOD O D O D L V

50
50
25
25

367

LPCDODOGOD O D O D L V

368

373

LcaoapbpoobboG P ODDOODD OV

374 LcaboobboG P ODDOODUDOV

377

390

LcaoaboobboG p ODDOODD OV
pPLCQCCCGOO O D O D DV
PLCCCCGOOO O D D V

25
50
47

393
423

LPHCOOOGDD D O C O R V

100
25

LcaeapooDDOG P O DDOOTUDTD OV

LcQaboOODDOG P

533
534
540
541

O DDOODDOV

25
50

LPDDDDDDDG O O O OO OOC LV

LPDDDDDDDG O O O O OO O C L V

50
25

563
564
573
574
583
597

LoabbbbbbDG P O O OO OO OCV

LaobbpbbbbDDG P O OO OO O OCV

25
25
25

LPDDDDPDDDG H O O O O O O O C V

LobbbbDbDDDG P O O OO OO OCV

HHHLLCCGCC C H P
DDDDDDDGCH P

L LV
DDH QD V
D H QD V

250
25

DDDDDDDGCH P

25

50

7597

640

HPDDDDDDDG O O O OOO OC L V

HpPDDDDDDDG O O O OO OO C L V

DLHPDDDDDD D G O
D
Cc

50

643

0O 0 0O 0 0OC L D DV

(0]
(o]
P

50
50
100

646
648
670

L L L CV

LPLLLLLLLG L L L L L

50
50

688

CPLLLOGODD D D OV

4002

PCOOODDGDO C C C L Q V
O0OO0OODDGOOO O D P

100
0

4015

\

4016

\

L

L ¢C C CcC cCc Vv

ccccceccGgecec c c Lop

cccccccecaGger

55
48
48
48

4017

4020
4024
4040

pPLCCCCGOCO c ¢ O V

cccccceccaGger

L ¢ C CcC C VvV

4046A 50
4049
4050

4051

OCLOHOOGOO O O O P OV

vcrPODODGDO D O O D O O

50
50
0

0
0

vcCPODODGDO D O O D O O

Oo0OO0O0O0OLGGLL P O O O OV

ooo0O0OO0OLGGLP O O O O OV

4052

oooooOoOLGGLL P O O O OV

4053

17

4059

PDHLLLLLLL HGHWHLLLULLTULILLCYV

ccccceccagece p

L ¢C C cCc VvV

106

4060

(continued on next page)
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Table 8 (continued)

equiv- pin numbers
74HC/ alent
HCT load

(PF) 12345678910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
4066 O 0O00O0ODDGOOO O DP V — — — - — = = = = — — = — =
4067 O 0O0oOo0oO0O0O0OOOOP L G L L L OOOOOOOOV - - - -
4075 50 PLDDDOGLCO D DDV — — — — — - = = =« — — — = =
4094 250 HQPCCCCGCC €C €C C C HV — — — — = = = = — — — =
4316 O O0O0OO0OPDLGGO O O O DDV — — = = = = = = = — — =
4351 O O0OO0OO0OOOLHGG H P L OL OOOOV-—- - - = = = =
4352 0 OOOOOOLHGG HP L OOOOUOOV-—- - - - - = - —
4353 O O0OOOOOLHGG HP L OL OOOOV - - - = — — — =
4510 55 LcbbLCCGLH C DDCUP V - — - — — - - - - - =
4511 200 LLHHLLPGCC O OC O C V — — — = = = = = = = = =
4514 100 HPLOOOOOCO C G O OO OOOOOTUL UL ULV - - - =
4515 100 HP LOOOOOCO C G O O OO OOOOTUL L ULV - - - -
4516 50 LCDDLCCGLH C DD CUP V — — — — — = — — — — = =
4518 50 PHCCCCLGDD O O O O DV — — = = = = = = = = — =
4520 47 PHCCCCLGDD O O O O DV — — — = = — — — — = — =
4538 100 GRHPHCCGOO D DL OGV — — — = = — = — = = — =—
4543 50 HLLHLPLGCC C C C C C V — — — — — — - — — — — =
7030 325 GGCPQQQQQOQO QO QQGLCCTCTCTCTCTCTCTCTCU®PMHYV
7046A 50 OCLOHOOGOO O O OP OV — — — — =« — - — — — — =
40102 5 PHLLLLLGHL L L L €C H V — — — — - — — — — — — =
40103 3 PHLLLLLGHL L L L C HV — — — — — — — — — — — —
40104 100 HQDDDDDGHL P C C C C V — — — — — - — — — — — =
40106 200 LCPQQQQGLC €C C C C P V — — — — — — — — — — — =

Key

V =Vgc (+5V)

G =ground Input pulses

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

L = logic O (ground) ) } GND

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

C =a50 pF load to ground ¢ I I——I l—— GND

O = an open pin; 50 pF to ground is allowed 7236010

P = input pulse (see illustration)

Q = half frequency pulse (see illustration)

R =1 k§2 pull-up resistor to an additional 5V supply other

than the Ve supply
B =bothRandC
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Conditions for Cpp tests

Gates. All inputs except one are held at either V¢ 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 t%ggled, 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 Vo 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.
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Arithmetic circuits. Adders, magnitude comparators, en-
coders, parity generators, ALUs and miscellaneous circuits
are exercised to obtain the maximum number of simulta-
neously toggling outputs when toggling only one or two
inputs.

Display drivers. Cpp is not normally required for LED
drivers because LEDs consume so much power as to make
the effect of Cpp 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 Igg 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 Vpc) to eliminate its power contri-
bution.

Additional power dissipation in 74HCT devices

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

The value of Algc specified in the data sheets is per
input and at the worst-case input voltage of Vee2.1V for
Ve between 4.5 and 55V. The value of 2.1V is the
maximum voltage drop across a TTL output HIGH (mini-
mum Ve and minimum Vgy), 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 Al 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.

J
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Table 9: Worst-case additional quiescent supply current (Algc) for 74HCT devices

Tamb (°C) TEST CONDITIONS
74HCT
UNIT |Vee | V) OTHER
+25 —40 to +85 | —40 to +125 v
typ. | max. max. max.
. . 45 other inputs at
Algc per input pin for
a unit load coefficient of 1* | 100 | 360 450 490 KA t5°5 Vee-21Vv YCC gr GND
. O =

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 = 5.6 V) specification is: Alge = 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 Vg minus
the p-channel transistor threshold voltage, one of the input
transistors is always off and there is no through-current.

When the input voltage equals the n-channel transistor
threshold voltage (typ.0.7 V), the n-channel transistor
starts to conduct and through-current flows, reaching a
maximum at V;=05Vgc for 74HC devices, and
V) =28%Vce for 74HCT devices, the maximum current
being determined by the geometry of the input transistors.
The through-current is proportional to VCC" 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.

5-17

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 | 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
3-state bus transceiver.

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 #50 mA for devices with standard output drive, and
+70 mA for devices with bus driver outputs. These currents
are only drawn when the outputs of a device are heavily
loaded. The average dynamic current at very high frequen-
cies can be calculated using Cpp.

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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External resistors may also be necessary in the output cir-
s 72898981 cuits to limit the current to 20 mA if the output can be
supply pulled above Vi or below GND. These current limits are
“‘\’,';9" Us set by the parasitic Vo c/GND diodes present in all outputs,

V)

LSTTL 74HCT 74HC
74Ls

Fig. 14 Supply voltage ranges for LSTTL and
HCMOS circuits. The supply voltage range for 74HCT
circuits retain the LSTTL nominal supply of 5V, but
the range has been extended from +56% to +10% for
both the standard and the extended temperature
range. 74HC circuits operate with a supply voltage as
lowas2 V.

Battery back-up

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

In the example, HIGH-to-LOW level shifters (74HC4049
or 74HC4050) prevent positive input currents into the
system due to input signals greater than one diode drop
above Vee- If the circuit is such that input voltages can
exceed Vg, 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

oD
N\

battery - recharge
resistor
-
1
= signal ” 74He/HCU | signal
inputs SYSTEM outputs
high - to - low
4 level - shifters 27
(74HC4049/74HC4050) % 7297016.1

Fig. 15 An HCMOS system with battery back-up.
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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 Vee and GND
pins of each device. The minimum decoupling capacitance
depends on the voltage spikes that can be tolerated, which
in general should be limited to 400mV. A local voltage
regulator on a printed circuit board can be decoupled using
an electrolytic capacitor of 10 to 50 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 Vg 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 (<1pA). Without
protection, such an input could be electrostatically charged
to a high voltage that would breakdown the dielectric and
permanently damage the device.

The integration process of the HCMOS family allows
polysilicon resistors to be formed at all inputs to slow down
fast input transients caused by electrostatic discharge and
to dissipate some of their energy. These resistors also ensure
that the input impedance of an HCMOS device is typically
100 €2 under all biasing conditions, even when Vg is short-
circuited to GND — an improvement over direct input
diode clamps during power-up.
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y Although all inputs and outputs are protected against
ce electrostatic discharge, the standard CMOS handling
precautions should be observed (see chapter ‘Handling
precautions’).
from 1000 1708 ©
input pin polysilicon circuit
resistor diffused

diode

resistor 7 7297017.1

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 diocles is 0.9V at 2mA
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 +lj per
input is 20mA. 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 —| |k per pin is:

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

High-to-low level shifters 74HC4049 and 74HCA4050
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 >3.5kV (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 <15ns,
but in practice it is helpful to adjust the test set-up to give
a rise time of 13*2ns to avoid correlation problems,

input —- M o to logic
e palysilicon ¥ circuit
resistor
—
- ¢ > GND
7297018
Fig. 17 Input protection of 74HC4049 and 74HC4050.

. oM@ hieh oS sk
(£
H?éi“ N o DEVICE
UNDER
SOURCE. T‘°°°‘ TesT
72970191
(a) Test circuit
mode device under test
+ —

1 input GND

2 GND input

3 input Vee

4 Vee input

5 output GND

6 GND output

7 output Vee

8 Vee output

9 input output
10 output input
1 Vee GND
12 GND Vee

all other pins should be left open circuit

(b) Test modes

Fig. 18 Electrostatic discharge test.

7297020
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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
A02 "
B3 m
1009 1709 )
input -y }—t—of}——dp » 10 Iog[m
polysilicon £ & D1 circui
resistor 4
diffused N
diode J!é
resistor
GND
7297021
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% Ve, 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 V| is —0.6 mv/°C,
that of V| is +0.6mV/°C. The only other factors that
affect the switching threshold are the spreads of 8 and V1
of P1 and N1 between devices.

There is no current path from Vg to GND when the
input is lower than Vyy, or higher than Voo—Vrp.
However, when the input voltage is in the linear region, a
static current path from VCC 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 Vee = 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 Voc—0.6 V, 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.

7296015
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E —”_/ E
O-IIII dread et drg e b rglaang IIII:
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Fig. 21 74HC input switching level as a function of
supply voltage. '

Vee
D2 03 ﬂ| P2
L I 41 P
input 1009 otoge
polysilicon /4 D1 circuit
resistor — — N3
diffused
|| g |
resistor f—l
GND
7297022
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 | 3 T T T I T T T -wnnef?'-j
supply voltage. - E
A TTL HIGH level can be as low as 2.4 V. An input of 2'55
this order to a HCMOS device would not cut off P1 com- E
pletely, and additional supply current would flow through 2E 209 stae -
the input stage. A level-shift diode D3 and the influence of E I
the back-gate (substrate) connection to P1 minimizes power "5§ I'f\ E
dissipation caused by this through-current and gives an 3 / e E
input switching level compatible with LSTTL. Figure 24 1§ / g contribution E
shows the input stage through-current with and without 3 / < 3
the diode circuit. The peak in the curve occurs at the input 05E < 3
switching threshold. ‘ E N
The input stage through-current is virtually zero for a 05" T S e 45\/ :v) s
typical TTL HIGH level input of 3.5V. Thus, this unique :
74HCT input structure gives true CMOS low power-con- (b)
sumption when driven by TTL. Typical and maximum
through-currents A'CC per input are given in the data — — —  with no level-shift diode
sheets. ——— with standard input structure
In a system where 74HCT devices are only driven by
LSTTL devices, Vi min can be 2.7 V except for some bus
drivers. With VoH = 27V, A'CC is half the published
value,
Fig. 24 Additional quiescent supply current Algc
(typ.) per input pin of a 74HCT device as a function
Maximum input rise/fall times of supply voltage (unit load coefficient is 1);
All digital circuits can oscillate or trigger prematurely when @ Ve =45V, (b) Voe =55V

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 =4.5 V.

5-23

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 Ve via a 1.2k{2 resistor.
Inputs should not be connected directly to GND or Vg,
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 Vg or GND, either
directly (a distinct advantage over LSTTL), or via resistors
of between 1kQ and 1MSQ. Since the resistors used to
terminate the inputs of LSTTL devices are usually between
2202 and 1.2kS2, it is often possible to directly replace
LSTTL circuits with their 74HCT counterparts.

Some of the bidirectional (transceiver) logic devices in
the HCMOS family have common 1/O pins. These pins
cannot be connected directly to Voo or GND. Instead,
when defined as inputs, they should be connected via a
10kS2 resistor to Vg or GND.

‘ nput 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

t

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/O pins owing to the output drain capacitance).
Input capacitance is measured with all other inputs tied to
ground.

32 7297024

<
(pF)

2

o 1 2

4 5

VT (V)

Fig. 26 Typical input capacitance C| of a 74HC
device as a function of input voltage; Voo =5V;
Tamb = 25 °C. . ‘

7296005

L1

50 100
Tamb (°C)

Fig. 256 Typical HCMOS input leakage current || as a
function of ambient temperature Tymp,.

7297025

Cy
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Fig. 27 Typical input capacitance C) of a 74HCT
device as a function of input voltage; Vee=5V:
Tamb = 25 °C.
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Vee
Vee =5V
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12V input 1
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poly-Si  (>Vgg) | (GND)  poly-Si
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{ ViL(2) |input2
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4 7/15 7296006

between adjacent inputs.

Fig. 28 Cross-section of the input protection of an
HCMOS device showing the parasitic pnp transistor

7297026
Fig. 29 12V-to-5V logic-level con-
version at HCMOS inputs using
100 k2 series resistors.

Coupling of adjacent inputs
Parasitic bipolar pnp transistors can be present between
adjacent inputs, e.g. between an input protection diode to
Vee 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 (l1) can cause a current lp in the parasitic
transistor and in the adjacent input (Fig.29). Because I 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 (I5) to
the forced input current (l1) 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 kS2 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: ~0.6V < V| < Vo +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: —1.6V < V| < V¢ + 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 HCMOS
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 = 04 V), the HCMOS capability exceeds 4000 ULs,
and with a 20uA (at Vg =0.1V) specification the
HCMOS capability is 20 ULs. A standard HCMOQOS output
can drive ten LSTTL loads and maintain Vo < 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-
poiating the 6 A bus driver capability at Vg =0.33V

cand Tamp =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 Voo =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. -

)
15 7297028
normalized
loL & loH
(typ)
1,0
| ~
05
-50 0 50 100
Tamb (°C)
Fig. 30 Derating curve for output drive currents
loL and Igy.

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

drive HCMOS drive

ice outpus . ) e output i
LSdevice output iy equiv. P PUt capacity

74LS00. 4mA 10UL  74HCO0 standard 4 mA 10 UL
74L8138 4mA 10UL  75HC138 standard 4 mA 10 UL
74LS245 12mA 30UL  74HC245 bus 6mA 15 UL
7418374 12mA 30UL  74HC374 bus 6mA 15UL

UL = unit load.

January 1986

7297029.1
TTT

T T T T T T
oL E 3
(mA) E 3
sE 3
E typical at 259C E
8- 7
4E 3
E / expected minimum at 25°C B
£ I |
2 )
E/ I 859C E
E 1259¢ =
o 04 08 12 6 2
Vo (V)
(a) VCC=2V
7030.1
o L RAAA LA RAAA) AAAM AR RRRRs e
oo [ ]
(mA) ]
40[- typical at 25°C | ]
: // 3]
F expected minimum at 25 °C -
N 1 I —
201 85°C 1
r 1 | R
u 4/\ 125°C ]
1S < PRV IV U DN Y T SO PO
T 2 T
Vo (V)
(b) V=45V
7297031.1
100 TTTT I I T T[T T[T I T[T I [T T[T T I I o Iy orrfITTrTpyrTs
oo E B
(mA) Jai
" sof =
60F typical at 25°C
£ L ] E
40f minimum at 25°C .
|- | 3
E 85°C E
E % |1 125°¢C e
20F 1 3
ol b o bbb b b i 3
1 2 3 4 5 [3
vo (V)
(C)VCC=6V

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

v
PE;:I Pg P3 ce
e [ M
P5 AD1
el |
| pa | == M
from N4 » O
Ioglc output
circuit
J = L
’ 402
] — N5
i B B
N1 N2 N3
GND
EO 7283560.1

Fig. 36 Typical three-state output circuit.

;_E °

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 OFF-state

(b) function table

Fig. 37 Three-state output logic symbol and functions.
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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 three-state outputs, note that
disable propagation delays are measured for an RC load
when the output voltage has changed by 10% of the voltage
swing. This 10% level is adequate to ensure that a device
output has turned off. Although this method provides a
standard reference for measuring disable times, it implies
that the output is already off for 10% of the RC time.
Because all disable times are measured with a load of 1kS2
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 VBEg above Vg, 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 I/O ports and transceivers have a three-state output
as shown in Fig.36. The 1/O 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 I/O port can cause Vg current. If necessary, ter-
minate the input with a 10k{2 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/HCTO03
(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 Vo 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
b——————> output
from I
logic
circuit 1: b2
GND

7297042

Fig. 38 Open-drain output circuit.

Inéreased drive capébility 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 parallél connection to gates within one
package to avoid large transient supply currents due to
different gate-switching times.

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

Output capacitance

For push-pul'l 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 Vg max
of the driver.

— the static noise margin HIGH. This is the difference
between Vopmin of the driver and Viymin of the
driven device. )

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

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

(v)

4,5 V1 supply voltage Voo r 55V

[JHcmos

vz LstTL 7289895.1

Fig. 39 Worst-case input and output voltages over an
operating supply range of 4.5V to55V.
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V)
4
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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,

Table 11: Noise immunity and noise margin for HCMOS
devices (VCC =45V)

74HC 74HCT 74HCU

VILmax (v) 1.35 0.8 0.9
ViHmin (v) 3.15 2 3.6
VOLmax (v) 0.1 0.1 0.5
VOHmin (v) 4.4 4.4 4
Noise margin low

VNML (V) 1.25 0.7 0.4
Noise margin high

VNMH (V) 1.25 2.4 0.4

Table 12 shows the input noise margin of 74HCT devices
interfacing with LSTTL devices; the 74HCT or LSTTL
output is fully-loaded, VCC =45V and Typp is 0°C to
+70°C (the only convenient temperature range when using
LSTTL characteristics).

Table 12: Noise immunity and noi{se margin for 74HCT
and LSTTL device interfacing

74HCT LSTTL
V|Lmax (V) 0.8 0.8
ViHmin v) 2 2
VOLmax (V) 0.33 (note 1) 0.4
0.1 (note 2)
VOHmin (V) 3.84 (note 1) 2.7
4.4 (note 2)
Noise margins (V):
from 74HCT to LS VNML 0.47
VNMH 1.84
from LS to 74HCT VNML 0.4
VNMH 0.7
from LS to LS VNML 0.4
VNMH 0.7
from 74HCT VML 0.7
to 74HCT VNMH 2.4
Notes

1. 4 mA load (i.e. 10 LSTTL inputs).
2. 20 A 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 V4 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, ty, 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, lo, 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 tw-

For typical input switching thresholds of 1.4V and
2.25V for 74HCT (Voo =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 Vg 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).

7291616.1

7291615.1

(a)

Vo Vo
\2
M5- Vee | lo w Vec | o
a | 5V |204A a | 6V |204A
b | 5V [4mA b | 6V [52mA
ar tr= 1= 06ns 4 c | 45V |204A
d |45V | 4mA
3 3+ e | 2v [204A
ty=1t§=06ns
2+ 2
1+ s
0 -l 1 1 1 1 1 1 0 1 1 1 L 1 1 1
Rl 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
ty (ns) ty (ns)
tyy measured at 50% Vp, tyy measured at 50% Vy
(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.
1500 1500 10
max. 7 max. 7 pulse
pulse | N pulse | i width | 7
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expected, - - 1 L i
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r typ T r b r 1
500 - — 500 we . e
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2 4 6 T 2 3 4 5 6 7 1 2 3 4 5 6 7
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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_= 150 pF, Tymp =25 °C. (b) Amplitude of the voltage pulse {on pin 2) as a
function of the number of outputs switched; Voc =5V, C_ = 150 pF. (c) Pulse width as a function of the number of
outputs switched; Voo =4.51t0 6V, C_= 150 pF. For Vo =2V, the maximum expected pulse width is about 10 ns.

(b) (c)
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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

3

)

P1 —l

—
| :
— :}—‘ output
H—
input 2 —p— N3

input 1 —)———I

z

ST

z

. 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

—| P2

'_—[.—; output

I N2

input 2 - ::I

I N1
input 1 —p—e

GND

P'II

-

7297046

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 V.

For true input buffering, an input must have an inverter
stage with sufficient gain to ensure that logic levels give
independent on-chip levels. Some gates in the 74HC series
(usually AND or OR gates) have unbuffered inputs, however
all devices meet the family logic level requirements. All
74HCT devices have buffered inputs.
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In no case did latch-up occur. For example, it has been
1207047 determined that an HCMOS input can typically withstand
Vo continuous current (5s on, 165 off) of 100 mA to 120 mA,

-2

1
~~1+2 2

vi
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 Algc 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 Igc for 74HC devices can be calculated by multi-
plying the value of Igc read from Fig.12 by the unit
load coefficient given in the data sheet for the 74HCT
device;

— in general, frequency stability won‘t be affected by
supply voltage, so long as the permissible output cur-
rents of the devices are not exceeded.

For further information, see chapters ‘Crystal oscillators’
and ‘Astable multivibrators’.

LATCH-UP FREE

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

The JEDEC standard test being developed for latch-up
specifies that the input/output current should be equal to
the maximum rating (+20 mA), and that V¢ should also
be not more than twice Voomax (14 V) for testing latch-up
immunity with excess supply voltage. HCMOS ICs have
been extensjvely subjected to the previously described tests
with test parameters far exceeding those quoted by JEDEC.
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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, 15s off) of 200 mA to 300 mA,
or 1us pulses of 400mA with a duty factor of 0.001,
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
(Vi=Vcc +0.7V +100l)) 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
tatch-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, eg. 8mA at 05V
voltage drop for LSTTL. If this figure is used to determine
the fan-out of the TTL device it can result in a higher fan-
out than is possible with 74HCT. This can be resolved by
replacing as many of the driven TTL parts as possible by
74HCT devices to reduce the sink current requirement (the
74HCT input current is negligible). In addition, power
dissipation is reduced significantly by using 74HCT.

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

74HCT TTL LS ALS FAST S&AS
standard 2 10 20 6 2
output

bus-driver 3 15 30 10 3
output
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BUS SYSTEMS

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

There are several constraints imposed on microprocessor
systems in industrial applications, such as electrically-noisy
environments, battery-standby requirements and sealed,
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
1809 2k
signal line
190pF/m
3909
1309
GND
7287051.1 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).

10k to 100k

HCMOS logic

) 10k0
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

SO-14 & SO-16

DIL-16

S0-20

DIL-20

50-24

DiL-24

capacitance to ground of:
corner pins 0.41
all other pins 0.21

any end two pins
all other pins
any end three pins
all other pins
capacitance between adjacent pins:
including a corner pin 0.15
all other pins 0.04
any end three pins
all other pins

any end three pins
all other pins

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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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.

6-3

Family Specification

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 (56 V + 10%)

and logic input levels (0.8 to 2.0 V) for use as pin-to-pin
compatible CMOS replacements to reduce power consumption
without loss of speed. These types are also suitable for converted
switching from TTL to CMOS.

Another subset, the XX74HCUXXXXX, consists of single-stage
unbuffered CMOS compatible devices for application in RC or
crystal controlled oscillators and other types of feedback
circuits which operate in the linear mode.

HANDLING MOS DEVICES

Inputs and outputs are protected against electrostatic effects in a
wide variety of device-handling situations.

However, to be totally safe, it is desirable to take handling
precautions into account (see also chapter “HANDLING
PRECAUTIONS").
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RECOMMENDED OPERATING CONDITIONS FOR 74HC/HCT

74HC 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 \Y%
Vi DC input voltage range 0 Vee | O Vee |V
Vo DC output voltage range 0 Vee | O Vee |V
Tamb operating ambient temperature range | —40 +85 —-40 +85 °C see DC and AC
CHAR.

Tamb operating ambient temperature range | —40 +1256 | —40 +125 | °C per device

. . . 1000 Vec =20V
tr ¥ Inpel‘)l:c;ﬁf ?::’ S?I:lr;l(::iiigger inputs 6.0 | 500 6.0 | 500 ns Vec=45V

400 Vec=6.0V
Note

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

rating voltage.

RECOMMENDED OPERATING CONDITIONS FOR 74HCU

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

Vee DC supply voltage 2.0 5.0 6.0 \

\7 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 —-0.5 +7 \
ik DC input diode current 20 mA for V| <-050rV| >Vgc+05V
ok DC output diode current 20 mA for Vo <-0.50r Vo >Vgc+05V
tlg DC output source or sink for 0.5 V<Vgp <Vgc +0.5 V
current
— standard outputs 25 mA
— bus driver outputs 35 mA
tlees DC V¢ or GND current
£IGND for types with:
— standard outputs 50 mA
— bus driver outputs 70 mA
Tstg storage temperature range -65 | +150 | °C
Ptot power dissipation per package for temperature range: —40 to +125 °C
74HC/HCT/HCU
plastic DIL 500 mwW 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"', 11V is specified as the maximum

rating voltage.

6-5
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DC CHARACTERISTICS FOR 74HC

Voltages are referenced to GND (ground =0 V)

Tamb (°C) TEST CONDITIONS
74HC v
SYMBOL | PARAMETER UNIT | Vge | 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| 2.4 3.15 3.15 v 45
42 |32 4.2 42 6.0
0.8 | 05 0.5 0.5 2.0
ViL LOW level input voltage 2.1 | 1.35 1.35 135 |V 4.5
28 | 1.8 1.8 1.8 6.0
19 |20 19 19 20 | ViH |~-lo=20pA
VoH N o putvolage | 44 145 44 44 V|45 |or | -lp=20uA
59 160 5.9 5.9 6.0 | ViL —ip =20 uA
v HIGH level output voltage | 3.98 |4.32 3.84 3.7 v 45 :)’rlH —lg=4.0mA
OH standard outputs 5.48 |5.81 5.34 5.2 60 |y, |-lo-52mA
v HIGH level output voltage | 3.98 | 4.32 3.84 3.7 v 45 X:'H —lg=6.0mA
OH bus driver outputs 548 | 5.81 5.34 5.2 60 |y, |—lo=78mA
0 |01 0.1 0.1 20 | Vg |lo=20pA
VoL LOW lovel output voltage 0o |01 0.1 01 |v |45 |or  |10=20pA
P 0 |01 0.1 0.1 60 | Vi |lo=20rA
v LOW level output voltage 0.15| 0.26 033 04 |, a5 | VIH |ig=40mA
oL standard outputs 0.16] 0.26 0.33 0.4 60 |y, |lo=52maA
v LOW level output voltage 0.15| 0.26 0.33 04 | 45 ;’rlH Ig=6.0mA
oL bus driver outputs 0.16| 0.26 0.33 04 6.0 ViL lo=78mA
Vee
tl input leakage current 0.1 1.0 1.0 HA 6.0 or
GND
ViH -
tloz 3-state OF F-state current 05 5.0 100 |uA 6.0 or :)/rOG—N\lgCC
ViL
quiescent supply current
| ssi 2.0 20.0 400 [uA |60 |Vge |lo=0
cc flip-flops 4.0 400 800 |pwA |60 |or 10=0
mst 8.0 80.0 1600(uA |60 |GND |Ig=0
January 1986 6-6
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DC CHARACTERISTICS FOR 74HCT
Voltages are referenced to GND (ground =0 V)

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vee | VI OTHER
+25 —40to +85 | —40to +125 V]
min. | typ. | max. | min. | max. | min. | max.
45
ViH HIGH level input voltage 20 |16 2.0 20 \ to
5.5
4.5
ViL LOW level input voltage 1.2 |08 0.8 0.8 \ to
55
ViH
VoH N e tPUtvoltaee | 44 |45 44 44 v |45 |or |-lg=20uA
ViL
HIGH level output voltage Vi _
VOH standard outputs 3.98 14.32 3.84 3.7 Vv 45 or —lp=4.0mA
ViL
ViH
Vou HIGH level gg:gﬁ:s""”age 3.98(4.32 3.84 3.7 v 45 |or | -lg=60mA
ViL
VIH
VoL H e output voltage 0 |01 0.1 01 | v |45 |or  |lp=20uA
ViL
ViIH
VoL "g;/‘r/u'faﬁ' g:ttg;‘:s‘w'tage 0.15| 0.26 033 04 |V 45 |or 10 =40mA
ViL
ViH
VoL L&ﬁ’éﬁ;’fe'r°g$’:‘ft‘;°“age 0.16| 0.26 033 04 |V 45 |or  |lg=6.0mA
ViL
Vee
kAl input leakage current 0.1 1.0 1.0 MA 5.5 or
GND
Vp=VccorGND
ViH per input pin;
tlpz 3-state OF F-state current 0.5 50 10.0 | wA 55 | or other inputs at
ViL Ve or GND;
lo=0
quiescent supply current
| ssl 2.0 20.0 400 | A |55 |Vee |lo=0
cc flip-flops 40 400 80.0 | uA 55 |or 10=0
MsI 8.0 80.0 160.0{ uA 5.5 GND |Ilp=0
85 | yoq | amerinpusa
Alce unit load coefficient is 1 100 | 360 450 490 | uA to -2.1V VCE or GND;
5.5 lo=0
(note 1)
Note

1. The qd_ditional 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;Vgc=55V)
specification is: Algc = 0.65 mA (typical) and 1.8 mA (maximum) across temperature.
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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 | 3.6 |2.6 3.6 3.6 \ 4.5
48 |34 438 438 6.0
0.6 | 03 0.3 0.3 2.0
ViL LOW level input voltage 19 | 09 0.9 0.9 \ 45
26 | 1.2 1.2 1.2 6.0
18 |20 1.8 1.8 20 | VIH —lp =20 A
VOH HIGH level output voltage | 4.0 |4.5 4.0 4.0 \Y) 4.5 or —lp =20 A
55 |6.0 55 5.5 6.0 ViL —lp =20 uA
\Y
3.984.32 3.84 37 45 CC | —1g=4.0mA
VoH | HIGH level output voltage | 5g | 5'gy 5.34 5.2 V. leo | o | -lo-52mA
0 0.2 0.2 0.2 20 VIH 10 =20 uA
VoL LOW level output voltage 0 0.5 0.5 0.5 \% 4.5 or lo =20 pA
0 0.5 0.5 0.5 60 | VL 10 =20 uA
\Y
0.15| 0.26 0.33 0.4 45 CC | Ip=4.0mA
VoL LOW level output voltage 0.16| 0.26 0.33 04 |V 60 | 2o | 10=52mA
Vee
+1y input leakage current 0.1 1.0 1.0 uA 6.0 or
GND
quiescent supply current Vee
Icc ssl 20 20.0 400 | pA 6.0 | or lo=0
GND
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AC CHARACTERISTICS FOR 74HC
GND=0V;t, =tf=6ns; C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —-40t0+85 | —40to+125 v
min. | typ. [ max. | min. | max. | min. | max.
L 19 |75 95 110 2.0
tTHL/ output transition time 7 15 19 22 ns 45 Figs 3 and 4
tTLH standard outputs 6 13 16 19 6.0
TS 14 |60 75 90 2.0
TTHL/ | output transition time 5 |12 15 18 |ns |45 | Figs3and4
tTLH bus driver outputs 4 10 13 15 6.0
AC CHARACTERISTICS FOR 74HCU
GND=0V;t, =tf=6ns;C__=50pF
Tamb (°C) TEST CONDITIONS
74HCU
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40t0 +85 | —40 to +125 V]
min. | typ. | max. | min.| max. | min. | max.
t / 19 |75 95 110 2.0
tTHL 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 —40to+85 | —40to +125 Y,
min. | typ. | max. | min.| max. | min. | max.
tTHL/ output transition time ) .
TLH standard outputs 7 15 19 22 ns 45 Figs 8 and 9
tTHL/ | output transition time 15 |12 15 18 |ns |45 | Figs8and9
tTLH bus driver outputs
6-9 January 1986
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HCU TYPES HC TYPES

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

[3 T ) —l ety p

7291257.1

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

trHL— - —»| ety y

72912571

Fig. 3 Input rise and fall times, transition times and propagation
delays for combinatorial logic ICs.

January 1986

TEST CIRCUIT FOR 74HCU AC WAVEFORMS 74HC
Vee
— Vee
PULSE Vi Vo cLock
GENERATOR D.U.T. INPUT
Ry L=k 50pF GND
LoLd .
’ 7;87475 VCC
D
o fso%
Fig. 2 Test circuit. GND
tsy -—
Definitions for Fig. 2: e laahil
C_ = load capacitance including jig and probe capacitance ouTPUT
(see AC CHARACTERISTICS for values).
Ry = termination resistance should be equal to the output — toyp b
impedance Z, of the pulse generator. | frem
SET, Vee
RESET,
PRESET \k“%
INPUT
GND

7291259.1
Fig. 4 Set-up times, hold times, removal times, propagation
delays and the maximum clock pulse frequency for sequen-
tial logic ICs.

Notes to Fig. 4

1. In Fig. 4 the active transition of the clock is going from LOW-

to-HIGH and the active level of the forcing signals (SET, RESET
and PRESET) is HIGH. The actual direction of the transition of
the clock input and the actual active levels of the forcing signals
are specified in the individual device data sheet.

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

6-10
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HC TYPES (continued)
TEST CIRCUIT FOR 74HC AC WAVEFORMS 74HC (continued)
Vee -~
}—— vee
PULSE M Vo ENABLE
Rt ’,L C == 50pF
Z 4 l OUTPUT
7287475 LOW-to-OFF
OFF-to-LOW
Fig. 5 Test circuit.
Definitions for Fig. 5: MG eOFF
OFF-to-HIGH
C, = load capacitance including jig and probe capacitance outputs outputs outputs
(see AC CHARACTERISTICS for values). 7291261.1 enabled ’ disabled : enabled
R; = termination resistance should be equal to the output
impedance Z, of the pulse generator. Fig. 6 Propagation delays of 3-state outputs.
TEST CIRCUIT FOR 74HC

PULSE
GENERATOR

l50 pF l
7 1287489 77

Switch position

TEST SWITCH
tom GND
oz Vee

N GND
terz Vee

Note to switch position table

For open-drain N-channel outputs tp > and tp,, 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).

Ry = termination resistance should be equal to the output
impedance Z, of the pulse generator.
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HCT TYPES
AC WAVEFORMS 74HCT TEST CIRCUIT FOR 74HCT
v(,;c
INPUT
Gezg;iEToa 3 D.uT. 3
Rr CL==50pF
OUTPUT 7287475

Fig. 10 Test circuit.

7291266.1

Definitions for Fig. 10:

Fig. 8 Input rise and fall times, transition times and propagation

delays for combinatorial logiic ICs. 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.

1

AC WAVEFORMS 74HCT

—————— 3V
cLock
INPUT
GND
th
3v
DATA
TR A
GND
tsy |-—
— e tTHL
ouTPUT
—| tppp b
-~ trem
3v

SET,
RESET,
preseT  \'3V
INPUT
Fig. 9 Set-up times, hold times, removal times, propagation

delays and the maximum clock pulse frequency for sequen-
tial logic ICs.

7291268.1

Notes to Fig. 9

1. 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.

2. For AC measurements: t, = tf = 6 ns; when measuring fax,
there is no constraint on t, tf with 50% duty factor.
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HCT TYPES (continued)
AC WAVEFORMS 74HCT (continued)

OuTPUT
ENABLE

OUTPUT
LOW-to-OFF
OFF-to-LOW

ouTPUT
HIGH-to-OFF
OFF-t0-HIGH

outputs —p|. outputs |«— outputs
7296099 enabled disabled enabled

Fig. 11 Propagation delays of 3-state outputs.

TEST CIRCUIT FOR 74HCT

Vee Vee

1
7287489 l

PULSE

GENERATOR DUT.

1

Switch position

TEST SWITCH
togm GND
tezL Vee

tonz GND
toz Vee

Note to switch position table

Fig. 12 Test circuit for 3-state outputs.
Definitions for Fig. 12:

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

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

For open-drain N-channel outputs tp ; and tpz are applicable.
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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| |y 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 ts.

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,

January 1986

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 voltagé of 7V 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 Iin‘wits in the DC and AC CHARACTERISTICS tables.
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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 Vc 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 0V to Ve for 74HC and
OV 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 f,,,. 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 f,,, as high as 60 MHz,
there are no constraints on rise and fall times.

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 V| 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 V) 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| and V| conditions
are done fairly slowly, in the order of milliseconds, so that

6-15

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| and V|| to test the functionality
of any HCMOS device type; instead, use input voltages of
V¢ (for the HIGH state) and OV (for the LOW state). In
no way does this imply that the devices are noise-sensitive
in the final system.

In the data sheets, it may appear strange that the typical
ViL is higher than the maximum V| . However, this is
because V|| max is the maximum V| (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 V)y is lower than its
minimum guaranteed level.

For 74HCMOS, unlike TTL, no output HIGH short-circuit
current is specified. The use of this current, for example,
to calculate propagation delays with capacitive loads, is
covered by the HCMOS graphs showing the output drive
capability and those showingthe 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.
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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.

Quiescent power supply current; the current flowing into

the V¢ supply terminal.

Alee Additional quiescent supply current per input pin at a
specified input voltage and V¢c.

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

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

I Input diode current; the current flowing into a device at a
specified input voltage.

lo Output source or sink current; the current flowing into a
device at a specified output voltage.

lok Output diode current; the current flowing into a device at a
specified output voltage.

loz 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 Vg or GND.

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

Voltages

All voltages are referenced to GND (ground), which is typically 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.

\
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Definitions of Symbols

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.

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

ARon 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

C Input capacitance; the capacitance measured at a terminal
connected to an input of a device.

Cio Input/Output capacitance; the capacitance measured at a
terminal connected to an I/O-pin (e.g. a transceiver).

CL Output load capacitance; the capacitance connected to an
output terminal including jig and probe capacitance.

Cep 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.

Cs Switch capacitance; the capacitance of a terminal to a

switch of an analog device.

AC switching parameters

fi

6-16

Input frequency; for combinatorial logic devices the maxi-
mum number of inputs and outputs switching in accordan-
ce with the device function table. For sequential logic
devices the clock frequency using alternate HIGH and LOW
for data input or using the toggle mode, whichever is
applicable.

Output frequency; each output.
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Definitions of Symbols
frnax Maximum clock frequency; clock input waveforms should tpzy  3-state output enable time; the time between the
haveaSQ%c}utyfactor and be such astqcause the outpgts specified reference points, normally the 50%
:z:g:xgg';Lnniftfig:\‘zg"l/Zcht°90°/0Vco inaccordance with points for the 74HC devices and 1.3V point.s for
the 74HCT devices on the output enable input
ty Hold time; the interval immediately following the active voltage waveform and the 50% point on the output
transition of the timing pulse (usually the clock pl‘"tscegi:" voltage waveform of a 3-state device, with the
output changing rom s hih impecance OFF state
be maintained at the input to ensure their continued recog- (2) to a HIGH level (Vop).
nition. A negative hold time indicates that the correct logic
level may be released prior to the timing pulse and still be tpzL  3-state output enable time; the time between the
recognized. specified reference points, normally the 50%
, . points for the 74HC devices and the 1.3V points
t,, Clock input rise and fall times; 10% and 90% values. for the 74HCT devices on the output enable input
" voltage waveform and the 50% point on the output
AC switching parameters (continued) voltage waveform of a 3-state device, with the
output changing from a high impedance OFF-state
tpyL  Propagation delay; the time between the specified (2) to a LOW level (Vg ).
reference points, normally the 50% points for
74HC and 74HCU devices on the input and output tren  Removal time; the time between the end of an
waveforms and the 1.3V points for the 74HCT overriding asynchronous input, typically a clear or
devices, with the output changing from the defined reset input, and the earliest permissible beginning
HIGH level to the defined LOW level. of a synchronous control input, typically a clock
input, normally measured at the 50% points for
tpLH  Propagation delay; the time between the specified 74HC devices and the 1.3V points for the 74HCT
reference points, normally the 50% points for devices on both input voltage waveforms.
74HC and 74HCU devices on the input and output
waveforms and the 1.3V point for the 74HCT tsu Set-up time; the interval immediately preceding
devices, with the output changing from the defined the active transition of the timing pulse (usually
LOW level to the defined HIGH level. the clock pulse) or preceding the transition of the
coltrol input to its latching level, during which
tpHZ 3~sta.t<.e output disable ti.me; the time between the interval the data to be recognized must be main-
spe:'cmed reference points, normallY the 50% tained at the input to ensure their recognition.
points fc.'r the 74HC and 74HC_U devices and the A negative set-up time indicates that the correct
1.3V points for the 74HCT devices on the output logic level may be initiated sometime after the
enable input voltage waveform and a point re- active transition of the timing pulse and still be
presenting 10% of the output swing on the output recognized.
voltage waveform of a 3-state device, with the
output changing from a HIGH level (Voy) to a tTHL Output transition time; the time between two
high impedance OF F-state (Z). specified reference points onawaveform, normally
90% and 10% points, that is changing from HIGH-
tprz 3-state output disable time; the time between the to-LOW.
specified reference points, normally the 50%
points for the 74HC devices and the 1.3V points ttHL Output transition time; the time between two
for the 74HCT devices on the output enable input specified reference points on a waveform, normally
voltage waveform and a point representing 10% of 10% and 90% points, that is changing from LOW-
the output swing on the output voltage waveform to-HIGH.
of a 3-state device, with the output changing from . . .
a LOW level (Vg ) to a high impedance OF F-state tw Pu!se width; the tl'me betwee'n.the 50% amplitude
2). points on the leading and trailing edges of a pulse
for 74HC and 74HCU devices and at the 1.3V
points for 74HCT devices.
6-17 January 1986
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HCMOS Products

FEATURES

® Output capability: standard
® | category: SSI

GENERAL DESCRIPTION

The 74HC/HCTOO are high-speed
Si-gate CMOS devices and are pin
compatible with low power Schottky
TTL (LSTTL). They are specified in

compliance with JEDEC standard no. 7.

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

74AHC/HCTO00
Quad 2-input NAND Guate

Product Specification
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tpHL/ propagation delay CpL=15pF
tpLH nA, nB to nY Vee=5V |’ 8 |ns
C input capacitance 3.5 3.5 pF
power dissipation

Cpp capacitance per gate notes 1and 2 | 22 22 pF

GND=0V; Tamp=25°C; ty=tf=6ns

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

fi = input frequency in MHz CL

fo = output frequency in MHz

2 (Cp 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 Vg — 1.5V
ORDERING INFORMATION / PACKAGE OUTLINES
74HC/HCTOON: 14-pin plastic DIP; NH1 package
74HC/HCTOOD: 14-pin SO-14; DH1 package

PIN DESCRIPTION

Vee =

= 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

YK U [14] Vee
8 E 48
NE [12] 4a
2a[4] o0 E_] ay
28 5| [70] 38
2v 6] 5] 3a
oo [7] %I 3y

7287400.1

Fig. 1 Pin configuration.

|w

I-:b

Im

4

FEF T

s lsle lole bl
o

1A
1Y
18
2A
2y
28
3A
3y
38
aA
4y
48

L

7287401.1

Fig. 2 Logic symbol.

7287488.1

Fig. 3 1EC logic symbol.

February 12, 1986
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Quad 2-Input NAND Gate ' | 7AHCIHCT00

FUNCTION TABLE

1}1a INPUTS OUTPUT
] s
—ZEDO- nA nB nY
_al2a y - .
:l )c 2v|6
_5|28 . - L H
_9l3a . v H L H
ilDos_s_ 8 H H L
7287487
12]4A H = HIGH voltage level
’:;ED()&L 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
lcc category: SSI

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

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER . UNIT | Ve | WAVEFORMS
+25 —40to +85 | —40 to +125 Vv
min. | typ. | max. | min. | max. | min. | max.
. 2% |90 115 135 2.0
PHL/ propagation delay 9 |18 23 27 |ns |45 |Fig6
PLH nA, nB tonY 7 |15 20 23 6.0
/ 19 |75 95 110 20 |
STHL output transition time 7 |15 19 22 |ns 45 |Fig.6
tTLH 6 |13 16 19 6.0




Signetics HCMOS Products

Product Specification

Quad 2-Input NAND Gate

74HC/HCTO00

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 Al 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 | Voo | WAVEFORMS
+25 —40 to +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 4.5 Fig. 6
tTHL/ output transition time 7 15 19 22 ns 4.5 Fig. 6
ITLH
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Quad 2-Input NAND Gate 74HC/HCT00
AC WAVEFORMS

nA,nB INPUT

nY OUTPUT

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 : V) =50%; V| = GND to V¢c.
HCT: Viy=1.3V; V| =GND to 3V.
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HCMOS Products

FEATURES

® OQOutput capability: standard
® | category: SSI

GENERAL DESCRIPTION

The 74HC/HCTO02 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/HCTO2 provide the 2-input
NOR function.

February 12, 1986

7AHC/HCT02
Quad 2-Input NOR Gate

Product Specification
TYPICAL
SYMBOL | PARAMETER CONDITIONS UNIT
HC HCT
tpHL/ propagation delay CpL=15pF 7 9 ns
tPLH nA,nB tonY Vee=5V
C input capacitance 3.5 3.5 pF
power dissipation

Cpp capacitance per gate notes 1 and 2 22 24 pF

GND=0V;Tagmp=25City=tf=6ns

Notes

1.

ORDERING INFORMATION /PACKAGE OUTLINES

74HC /HCTO2N:
74HC/HCTO02D:

CPD is used to determine the dynamic power dissipation (Pp in uW):
PD=CpD x VcC? x fi+ Z (CL x VCC? x o) where:
fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz VCC = supply voltage in V
2 (Cp x Vge? x fo) = sum of outputs
. For HC the condition is V] = GND to V¢cC
For HCT the condition is V| = GND to V¢cg - 1.5 V

14-pin plastic DIP; NH1 package
14-pin SO-14; DH1 package

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
7-7 853-0694 82392
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Product Specification
Quad 2-nput NOR Gate 74HC/HCT02
o et av|s 2
v Y @ Slie] Dot o e
1a[2] [13] av 5|24 5
— 2v|a o 4
18[3] [12] 48 __B_D_‘— 5 |
2v |4 4A 8 |
|: 02 E . b 3v|i0 o | 1
2A 5| [10] 3v _9]ss E >°' \
1
28 [5] 5] 38 _n]aa 1] =
ono (7 8] 3a LED‘:’&B— 7790977
7Z87402.1
7287403.1
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.

E oo folo fol

1A
1Y
18
2A
2Y
2B
3A
3v|10
38 [
4A
4y
4B

s

7287403.1

Fig. 4 Functional diagram.

Y

7290982

Fig. 5 Logic diagram (one gate).

DC CHARACTERISTICS FOR 74HC

FUNCTION TABLE
INPUTS OUTPUT
nA nB nY
L L H
L H L
H L L
H H L

H = HIGH voltage level
L = LOW voltage level

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,=tf=6ns;C_=50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 -40 to +85 | —40 to +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.6
PLH nA, nB ton¥ 7 |15 20 23 6.0
" / 19 |75 95 110 2.0
THL output transition time 7 15 : 19 22 ns 4.5 Fig. 6
fTLH 6 |13 16 19 6.0
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Quad 2-Input NOR Gate 74HC/HCT02

i

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 Al per input, multiply this value by the unit load coefficient shown in the table below.

input unit load
P 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 | Vg | WAVEFORMS
+25 -40 to +85 | —40 to +125 Y,

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

tpHL/ propagation delay .
Bl g o ny 1 |19 24 29 | ns 45 | Fig. 6
THL/ output transition time 7 |15 19 22 | ns 45 | Fig.6
tTLH
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Quad 2-Input NOR Gate 74HC/HCT02

AC WAVEFORMS

nA,nB INPUT

nY OUTPUT

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 : V) =50%; V| = GND to V¢cg.
HCT: V= 1.3V; V| = GND to 3 V.
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HCMOS Products

FEATURES

©® Level shift capability

® Output capability: standard
(open drain)

® |cc category: SSI

GENERAL DESCRIPTION

The 74HC/HCTO3 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/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 Vgc.
In the OF F-state, i.e. when one input

is LOW, the output may be pulled to any
voltage between GND and Vomax. This
allows the device to be used as a
LOW-to-HIGH or HIGH-10-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.

February 12, 1986

7AHC/HCT03
Quad 2-input NAND Gate

Product Specification

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
CL=15pF
:PZL/ propagation delay R =1kQ 8 10 ns
PLZ Vec=5V
C input capacitance 3.5 3.5 pF
power dissipation notes 1, 2
CrD capacitance per gate and 3 4.0 4.0 Pk
GND=0V;Tymp=25°C; t,=tg=6ns
Notes
1. Cpp is used to detemine the dynamic power dissipation (Pp in uW):
Pp=Cpp x Vgc? xfi + T (CLx Ve x fol +
+Z (Vo%RL) x duty factor LOW, where:
f; = input frequency in MHz C| = output load capacitance in |
fo = output frequency in MHz Ve = supply voltage in V
V(@ = output voltage in V Ry = pull-up resistor in MQ

2 (Cp x Vge? x fo) = sum of outputs
Z (Vo?/RL) = sum of outputs
2. For HC the condition is V| = GND to Vg
For HCT the condition is V| = GND to Vgc — 1.5V
3. The given value of Cpp is obtained with:
CL=0pFand R|_=e0

ORDERING INFORMATION / PACKAGE OUTLINES

74HC/HCTO3N: 14-pin plastic DIP; NH1package
74HC/HCTO3D: 14-pin SO-14; DH1 package

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 J

7-1 853-0695 82392
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Quad 2-Input NAND Gate 7AHC/HCT03

U V l..g' &
1A 14] Vec DA 3
= o e = e
18[2] [13] 48 .
4 [2A i 6
v [3] [12] 44 —5—:—_-123 ) 2vl 6 5 | 2
2a[4] 03 [u]av o lan 9 | .
285 | [10] 38 EEDOﬂ-i do_|
(] 5] 1 Jan o L
5] av| 1 1 |
GND E E 3Y iEDO— 7293504
7293392 7293397
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
FUNCTION TABLE
y INPUTS OUTPUT
1A
2|18 ms A .J nA nB nY
4 f2n :T
e e R
9 [3a 7293396 H L 2
EED&LS_ H H L
12 fan Fig. 5 Logic diagram H = HIGH voltage level
ay| 1
&ED°—'— (one gate). L = LOW voltage level
Z = high impedance OF F-state
7293397
Fig. 4 Functional diagram.
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 \%
Vo DC output voltage —05 | +7 Vv
ik DC input diode current 20 mA forVy<-05VorV|>Vcc+05V
—lok DC output diode current 20 mA for Vo <-05V
—-lg DC output source or sink 25 mA for 06 V<Vg
current
tlce: DC VCC or GND current 50 mA
*IGND
Tstg storage temperature range —65 +150 | °C
Ptot power dissipation per package for temperature range; —40 to +125 °C
74HC/HCT
plastic 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
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Quad 2-Input NAND Gate 74HC/HCTO03

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 Igp as given below.

Output capability: standard (open drain), excepting Vo

lcc category: SSI

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vee | V) OTHER
+25 —40to+85 | —40to+125 v
min.| typ. | max. | min.| max. | min. | max.
2.0
HIGH level output .
loH leakage current 05 5.0 10.0 | wA ‘éoo ViL *

*The maximum operating output voltage (VQmax) is 6.0 V.

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

Tamb (°C) TEST CONDITIONS
74HC

SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS

+25 —40t0o+85 | —40to +125 Vv

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

tro1 / ) 28 | 95 120 145 2.0
PZL propagation delay 10 |19 24 29 |ns 45 | Fig.6
tpLz nA, nB to nY 8 16 20 25 6.0

19 |75 95 110 2.0
tTHL output transition time 7 15 19 22 ns 45 | Fig.6

6 13 16 19 6.0
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Quad 2-Input NAND Gate 74AHC/HCTO03

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “"HCMOS family characteristics’’, section ‘’Family specifications”, except that the Vg values
are not valid for open drain. They are replaced by |y as given below.

Output capability: standard (open drain), excepting Vg
lcc category: SSI

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HCT

SYMBOL { PARAMETER UNIT | Ve | V) OTHER

+25 —40to +85 | —40to +125 Vv

min.| typ. | max. | min.| max. | min. | max.
4.5
HIGH level output
loH leakage current 05 50 100} uA ;05 Vi ) (

*The maximum operating output voltage (VQmax) is 6.0 V.
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 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|_=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.

tpz/ propagation delay 12 | 24 30 36

tpLz nA, nB, to nY ns 4.5 Fig. 6

tTHL output transition time 7 15 19 22 ns 45 Fig. 6
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Quad 2-Input NAND Gate 74HC/HCTO03

AC WAVEFORMS

nA, nB INPUT

nY OUTPUT

7293393

trHL > -

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

transition times. (1) HC : Vi = 50%; V| = GND to V.
HCT: Vjy=1.3V;V|=GND to3V.

TEST CIRCUIT AND WAVEFORMS

Vee | tw
Vi y—— AMPLITUDE
e NEGATIVE 90%
RL=1kQ INPUT Ym
v, PULSE
PULSE iy ot o | 10% | ov
GENERATOR T > ety lty) et = e
Ry CL 2= 50pF - |¢tTLH(t,) trhL(tp) -~
J, l 0% AMPLITUDE
POSITIVE
7293395 4 4 4 4 4 INPUT Vi
PULSE
) o 10% . ov
Fig. 7 Test circuit (open drain) W 7287476.3
Definitions for Figs. 7 and 8: Fig. 8 Input pulse definitions.
CL = load capacitance including jig and
probe capacitance '
(see AC CHARACTERISTICS for t e
values). FAMILY | AMPLITUDE | Vpm
Rt = termination resistance should be equal . fmax: OTHER
to the output impedance Zg of the PULSE WIDTH
pulse generator.
ty = tf =6 ns; when measuring f,y, there 74HC Vee 50% | <2ns 6 ns
is no constraint on t,, ty with 50% 74HCT | 30V 1.3V]<2ns 6 ns
duty factor. . .
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HCMOS Products

FEATURES

® Output capability: standard
® | category: SSI

GENERAL DESCRIPTION

The 74HC/HCTO4 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/HCTO4 provide six inverting
buffers.

February 12, 1986

74HC/HCT04

Product Specification
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tpHL/ propagation delay CpL=156pF 7 8 ns
tPLH nA tonY Vee=5V
Cy input capacitance 3.5 3.5 pF
power dissipation
Cpp capacitance per gate notes 1 and 2 21 24 pF
GND=0V;Tagmp=25°C;ty =tf=6ns
Notes
1. CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x VgC? x fi+ 2 (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 Vei? x fg) = 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
7AHC/HCTO04N: 14-pin plastic DIP; NH1 package
7AHC/HCT04D: 14-pin SO-14; DH1package
PIN DESCRIPTION
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
7-16 853-0696 82392
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Product Specification

Hex Inverter

74HC/HCT04

1a[1] U 1] Vee
1y 2] [13] 64
2A 3] [12] 6v
2v [4] 04 [17] 5A
3a[s 10] 57
(=] [10]
3v (6] [9] 4a
anp [7] 8] av

7287404.1

Fig. 1 Pin configuration.

1 1A 1Y 2
3 2A 2Y .
5 3A 3y 6
9 4A 4y 8
1 5A 5Y 10
13 A 8y 12

Fig. 2 Logic symbol.

FELEL
FELLLE

7290947

Fig. 3 IEC logic symbol.

1A 1v];

L
I

2A |> 2y
_5] 3A |> 3Yle

4A |> 4y

5A l: 5Y

S

6A 6Y
'_3_[>°__

7287406.1

Fig. 4 Functional diagram.

oo l>o

7290978

Fig. 5 Logic diagram (one inverter).

FUNCTION TABLE
INPUT OUTPUT
nA nY
L H
H L

7-17

H = HIGH voltage level
L = LOW voltage level
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Hex Inverter 74HC/HCT04

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 =t;=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Ve | WAVEFORMS
+25 -40 to +85 | —40 to +125 v
T
min.| typ.| max.| min.| max. | min. | max.
) 25 |90 115 135 2.0
tpHL/ | Ppropagation delay 9 |18 23 27 |ns |45 | Fig.6
PLH nAtonY 7 |15 20 23 6.0
19 |75 95 110 2.0
TTHL | output transition time 7 |15 19 22 |ns |45 | Fig.6
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
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 Al per input, multiply this value by the unit load coefficient shown in the table below.

inout unit load
inpu coefficient
nA 1.20

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 |—40 to +125 Vv
min.| typ. | max.| min.| max. | min. | max.
tpHL/ propagation delay .
tpLH nA to nY 10 |20 24 29 ns 45 Fig. 6
tTHL/ output transition time 7 |15 19 22 |ns 45 | Fig.6
TTLH
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Hex Inverter 74HC/HCT04
AC WAVEFORMS

nA INPUT

nY OUTPUT

7290949

Fig. 8 Waveforms showing the data input (nA)
to data 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 to3V.
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HCMOS Products

FEATURES

® Output capability: standard
® |cc category: SSI

GENERAL DESCRIPTION

The 74HCUO04 is a high-speed

Si-gate CMOS device and is pin
compatible with low power Schottky
TTL (LSTTL). It is specified in

compliance with JEDEC standard no. 7.

The 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

February 12, 1986

74HCUO4
Hex Inverter

Product Specification

SYMBOL PARAMETER CONDITIONS TYPICAL | UNIT

tpHL/ propagation delay Cp=15pF 5 ns

tPLH nAtonY Vee=5V

Cy input capacitance 35 pF

power dissipation

CrD capacitance per inverter notes 1 and 2 10 pF
GND=0V; Tagmp =25 °C;ty =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 Vge? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF

fo = output frequency in MHz
T (CL x Ve? x fo) = sum of outputs

vce

ORDERING INFORMATION /PACKAGE OUTLINES

74HCUO4N: 14-pin plastic DIP; NH1 package

7AHCUO04D: 14-pin SO-14; DH1 package

PIN DESCRIPTION

supply voltage in V

PIN NO. SYMBOL NAME AND FUNCTION
1,3,5,9, :
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
7-20 853-0693 823
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Product Specification

Hex Inverter

74HCUO04

1a[1] U [14] Vec
v 2] [13] 6
23] 12] 6v
2v[4] o04u [1]sa
3a[s ] [10] 5v
av ] [9] 4a
aND [7] 8] av

72874051

Fig. 1 Pin configuration.

| 1A o,
J28 2y,
5 3A av
Y ay o
24 ¥ 10
13 84 &Y 12

Fig. 2 Logic symbol.

I: lw Im ,w ld

FELLETR

7290947

Fig. 3 IEC logic symbol.

<
>

3|24 Dc 2
3A 3v|g

s Dc
9|4A 4y

0-
SADC 5Y |10

13| 6A 6Y
J_—Do—ﬁ

7287406.1

i“ig. 4 Functional diagram.

Ve Vee Ve

o

ja

1009 170Q

7293835 GND GND GND

Fig. 5 Schematic diagram
(one inverter).
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Product Specification

Hex Inverter

74HCU04

DC CHARACTERISTICS FOR 74HCU

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HCU
SYMBOL | PARAMETER UNIT | Vee | V) OTHER
+25 -40 to +85 | -40 to +125 v
min. | typ. [ max. | min. | max. | min. | max.
1.7 |14 1.7 1.7 2.0
ViH HIGH level input voltage | 3.6 [2.6 3.6 3.6 \" 4.5
4.8 |34 4.8 4.8 6.0
06 | 0.3 0.3 0.3 2.0
ViL LOW level input voltage 19 |09 0.9 09 |V 4.5
26 1.2 1.2 1.2 6.0
1.8 |20 1.8 1.8 20 | Vig | -lo=20pA
VOH HIGH level output voltage | 4.0 |4.5 4.0 4.0 \ 45 | or -lp =20 uA
55 [6.0 5.5 5.5 6.0 | ViL | -10=20pA
Vece
3.98 (4.32 3.84 3.7 4.5 -lp = 4.0 mA
VoH HIGH level output voltage | 5745 |5 g1 5.34 5.2 Voo le0 | Jyp | lo=52mA
, 0 0.2 0.2 0.2 20 | VIH 10 =20 pA
VoL LOW level output voltage 0 0.5 0.5 05 |V 45 | or lo =20 uA
0 0.5 0.5 0.5 6.0 | VL lo =20 A
vVee -
0.15 | 0.26 0.33 0.4 45 o =4.0mA
VoL LOW level output voltage 0.16 | 0.26 0.33 o4 |V 60 | o | lo=52mA
Vee
£ input leakage current 0.1 1.0 1.0 | A 6.0 or
GND
Vee
lcc quiescent supply current 2.0 20.0 40.0 | uA 6.0 or lop=0
GND
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Hex Inverter 74HCU04
AC CHARACTERISTICS FOR 74HCU
GND=0V;t =tg=6ns;C|_=50pF
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 2.0
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
ETH L output transition time 7 15 19 22 ns 4.5 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) Vi =50%; V| = GND to Vcc.
TYPICAL TRANSFER CHARACTERISTICS
6 7290950 60 v 7290951 7290952
(o] p Vv D
v ‘\\ \ v) (mA) ($ (mA)
o o 5 20 20 1.0
v) Axr (mA)
4 40 4 \ 16 1.6 0.8
3 12 1.2 06
) A\
\
2 i 20 2 A 8 08 it 04
AN 71 Hi
4 < 1 i k 4 04 ! \‘ 0.2
" \\ \ ! \ /
d
0 - QL 0 0 4 = 0 0 td >
) 2 4 vy (V) 6 0 2 4 vy (V) 6 [ 04 08 1.2 I.SV (VZ).O
I
Fig. 7 Fig. 8 Fig. 9
—— V@, = — — — Ip (drain current) —— Vg;— — — — Ip (drain current) —— V- — — — Ip (drain current)
lo=0;Vgc=6.0V. lo=0;Vgc=45V. l0=0;Vec=20V.
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—
Hex Inverter 74HCUO04
40 7293708
9fs
Rpjias = 560k (mA/V) L
 — 30
gc
047uF| input output | 1004F
o—u—w—E:}—w—A 2
(f=l1kHz) :T fo™
o GND 10
7293325
0
0 1 2 3 4 5 6
Vg (V)
Fig. 10 Test set-up for measuring forward Fig. 11 Typical forward transconductance gfg
transconductance gfs = dip/dvj at as a function of the supply voltage V¢ at
Vo is constant (see also graph Fig. 11). Tamb = 25 °C.
APPLICATION INFORMATION
Some applications for the “HCU04"" are:
® [n crystal oscillator designs
® Linear amplifier (see Fig. 12).
—
I
i
4 GND
7293707
Fig. 12 HCUO4 used as a linear amplifier.
Note to Fig. 12
ZL > 10kS2; ApL = 20 (typ.)
AOL
Ay=-— —‘R—r——_—; VO max (p-p)
1+— (1+AQL) ~Vee —2 V cente-
R2 oL redat% Vce
3kQ <R1,R2<1MQ
Typical -unity gain bandwidth product is 5 MHz.
C| = 20 pF (typ.) .
ApL = open loop amplification
Ay = voltage amplification
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HCMOS Products

FEATURES

® Output capability: standard
® |cc category: SSI

GENERAL DESCRIPTION

The 74HC/HCTO08 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/HCTO08 provide the 2-input
AND function.

7AHC/HCT08
Quad 2-input AND Gate

Product Specification
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tpHL/ propagation delay CL=15pF 7 1
tPLH nA, nB to nY Vee=5V ns
Cy input capacitance 35 35 pF
power dissipation

Cpp capacitance per gate notes 1 and 2 10 20 pF

GND=0V; Tamp=25°Ci t;=t; =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 Vee? x fo) where:
fi = input frequency in MHz

fo = output frequency in MHz

CL
vece

supply voltage in V

Z (CL 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 Vgc — 1.5 V

ORDERING INFORMATION /PACKAGE OUTLINES

74HC/HCTO8N:
74HC/HCTO08D:

14-pin plastic DIP; NH1 package
14-pin SO-14; DH1 package

PIN DESCRIPTION

output load capacitance in pF

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] S) [14] Ve
18[2] [13] 48
1v [3] [12] 2a
2a[¢| 08 E ay
28(5 | [10] 38
2v 6] [9]3a

oND 7] BES

7293600
Fig. 1 Pin configuration.

av|n

7293603

Fig. 2 Logic symbol.

Is I‘D |‘n |b IN I_.

)

7293601

Fig. 3 IEC logic symbol.

February 12, 1986
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Quad 2-Input AND Gate 74HC/HCT08

1]ia E
-1 1Y] 8
el D
A
i 2v| 6
5 |28 — A A
9 |3a :j )o——|>o—v .
- 3v| s . Y
10 38 —
B 7293634 B
12 laa vl o : 7293604
alaf D

7293603
Fig. 8 HCT logic diagram
* Fig. 4 Functional diagram. Fig. 5 HC logic diagram (one gate). (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 '‘HCMOS family characteristics”, section “Family specifications”.

Output capability: standard
Icc category: SS!

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

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

) 26 |90 115 135 2.0

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

ITHL output transition time 7 15 19 22 ns 4.5 Fig. 7
TLH 6 |13 16 19 6.0
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Quad 2Input AND Gate 74HC/HCT08

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 Alcc 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, =t =6 ns; C|_=50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40to+85 | —40 to +125 v
min. [typ. |max. | min. [max. | min. | max.
tpHL/ propagation delay .
tpLH nA, nB to nY 4|24 30 36 | ns 45 |Fig.7
tTHL/ output transition time 7 15 19 22 ns 45 Fig. 7
tTLH
AC WAVEFORMS

nA,nB INPUT

nY OUTPUT

7293602 tTHL > >l ety y

Fig. 7 Waveforms showing the input (nA, nB) Note to AC waveforms
to output (nY) propagation delays and the (1) HC : V= 50%; V| = GND to V¢c.
output transition times. HCT: Vi =13V;V|=GND to 3V.
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HCMOS Products

FEATURES

® Output capability: standard
® |cc category: SSI

GENERAL DESCRIPTION

The 74HC/HCT 10 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/HCT10 provide the 3-input
NAND function.

7AHC/HCT10

Triple 3-Input NAND Gate

Product Specification
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tpHL/ propagation delay CL=15pF 9 1 ns
tPLH nA, nB, nC tonY Vee=5V
C input capacitance 3.5 3.5 pF
power dissipation
Cpp capacitance per gate notes 1 and 2 12 14 pF

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+Z (CL x VeG? x fo) where:

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

CL

~ 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

74HC/HCT1ON: 14-pin plastic DIP; NH1 package
74HC/HCT10D: 14-pin SO-14; DH1 package

PIN DESCRIPTION

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

February 12, 1986
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PIN NO. SYMBOL NAME AND FUNCTION
1,3,9 1A to 3A data inputs
2,4,10 1B to 3B data inputs
13,5, 11 1Cto 3C data inputs
12,6,8 1Y to 3Y data outputs
7 GND | ground (0 V)
14 Vee positive supply voltage
1 ha
1] U [14] Vee 2 fis 1v| 12 ;: & e
18[2] [13]1c 13 e PN
2a 3] 2] 1v 3 |ea 3|
8[4] 10 [n]sc 4 |28 2v| 6 %— -t
0| 38 —
2c 5] 0] s Jec . |
2v 6] E 3A o lsa 0] e )
ano [7] 8j3v 10 |38 3y| 8 L
7293366 11__3(: 7293367
7293368
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic sy)mbol.
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Triple 3-Input NAND Gate 74HC/HCT10
FUNCTION TABLE
1 1A
2 e e INPUTS OUTPUT
13 Jic
nA nB nC nY
3 124 A
4 {28 2v| 6 L L L H
B Y L L H H
2 L H L H
9 I3a c 7293369 L H H H
Lo 38 A H L L H
1 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
Icc category: SSi

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

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT |Vgc | WAVEFORMS
+25 —40to+85 | —40 to +125 v
min. | typ. | max. | min. | max. { min. | max.
: 30 |95 120 145 2.0
tpHL/ propagation delay 1 |19 24 29 ns 45 Fig. 6
tPLH nA, nB, nC to nY 9 16 20 25 6.0
19 75 95 110 2.0 )
tTHL/ output transition time 7 15 19 22 ns 45 | Fig.6
fTLH 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 (Alcg) 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, nB, nC 1.5
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Product Specification
Triple 3-Input NAND Gate : 74HC/HCT10
AC CHARACTERISTICS FOR 74HCT )
GND=0V;t,=t;=6ns;C_=50pF
’ ' 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 .

LY nA, nB, nC to nY 14 | 24 30 36 ns 45 Fig. 6

ETH L/ output transition time 7 15 19 22 ns 4.5 Fig. 6

TLH -

AC WAVEFORMS

Note to AC waveforms .
(1) HC : V= 50%; V| = GND to V¢e.
HCT: Vi =13V;V|=GNDto 3V.

nA, nB, nC INPUT

nY QUTPUT

7293115

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

FEATURES

® QOutput capability: standard
® I category: SSI

GENERAL DESCRIPTION

The 74HC/HCT 11 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.

7AHC/HCTM
Triple 3-Input AND Gate

Product Specification
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tpHL/ propagation delay Cp =15pF 10 13 ns
tpPLH nA, nB, nC tonY Vee=5V
Cy input capacitance 3.5 3.5 pF
power dissipation
Cpp capacitance per gate notes 1and 2 26 28 pF
GND=0V; Tamp=25°City =tf=6ns
Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x Vcc? x fi+2 (CL x Vec? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz Vcc = supply voltage in V
2 (Cp x Vgi? x fo) = sum of outputs
2. For HC the condition is V| = GND to V¢C
For HCT the conditionis V| = GND to Vgc — 1.5V

ORDERING INFORMATION /PACKAGE OUTLINES

7AHC/HCT1IN:  14-pin plastic DIP; NH1package
74HC/HCTND: 14-pin SO-14; DH1package

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,3,9 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 1C to 3C data outputs

14 Vece positive supply voltage

[0} U 14] Vec
182} [13] 1c
2a (3] [12] 1v
28 4] 1 1] 3c
2c[5] 10] 38
2v 6| ESA
GND[7 8] 3y

7287415.1

Fig. 1 Pin configuration.

Bl= fo g o o |-

R ERE

3B 3y _8

I

7287416.1 7293164

Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.

February 12, 1986
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Triple 3-Input AND Gate : 7A4HC/HCT
FUNCTION TABLE
INPUTS OUTPUT
U S nA nB nC nY
2|18 1|12
13l1c A L L L L
pm i I L
28 e s o—v L H H L
5 ]2c
EREN ¢ H L L L
10]38 av| 8 7293165 H L H L
113c 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

i

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 | Vgc | WAVEFORMS
+25 —40to +85 | —40 to +125 v
min. | typ. | max. | min.| max. | min. | max.

. 32 | 100 125 2.0

tpHL/ | Ppropagation delay 12 | 20 25 ;(5)0 ns 45 | Fig.6
tPLH nA, nB, nC tonY 10 | 17 21 2% 6.0
1 / 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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Product Specification

Triple 3-Input AND Gate

7AHC/HCTM

DC CHARACTERISTICS FOR 74HCT

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

Output capab
lcc category:

Note to HCT

ility: standard
SSI

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.

input

unit load
coefficient

nA, nB,nC| 0.5

AC CHARACTERISTICS FOR 74HCT
GND=0V; 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 16 | 28 35 42 |ns |45 |Fig6
tPLH nA, nB, nC to nY
tTHL/ output transition times 7 15 19 22 ns 4.5 Fig. 6
TTLH
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Triple 3-Input AND Gate 74HC/HC™M

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 Ve

output transition times.
HCT: V= 1.3V;V|=GND to3V.
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HCMOS Products

FEATURES

©® Output capability: standard
L4 ICC category: SSI
GENERAL DESCRIPTION

The 74HC/HCT14 are high-speed Si-gate
CMOS devices and are pin compatible

with low power Schottky TTL (LSTTL).

They are specified in compliance with
JEDEC standard no. 7.

The 74HC/HCT 14 provide six inverting
buffers with Schmitt-trigger action.
They are capable of transforming slowly
changing input signals into sharply
defined, jitter-free output signals.

February 12, 1986

JAHC/HCT14
Hex Inverting Schmitt Trigger

Product Specification
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tpHL/ propagation delay CL=15pF 1 15 ns
tPLH nAto nY Vee=5V
C input capacitance 3.5 3.5 pF
power dissipation

) capacitance per gate nates 1 and 2 7 8 pF

GND=0V; Tagmp=25C;t,=tf=6ns

Notes
1. CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x Vcc? x fi+ 2 (CL x Voe? 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 Vge? x fo) = sum of outputs
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

74HC/HCT14N: 14-pin plastic DIP; NH1 package
7AHC/HCT14D: 14-pin SO-14; DH1package

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,3,5,9,11,13|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
7-35 853-0708 82392
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Product Specification

Hex Inverting Schmitt Triggér

7AHC/HCT14

a0 9] 14] Vee
v [2] [13] 6a
24 [3] 12] 6v
wl[a] 14 [1]sa
3 [5] [10] sv
3y [é_j B
ano [7] 8] av

7293643

Fig. 1 Pin configuration.

;A n‘Yz
32A -lzv4
534 .':we

| ghA ::”a
11 BA :5\(10

13 6A 8Y 15

7293648

Fig. 2 Logic symbol.

‘m
ElEEE

A

7293647

Fig. 3 1EC logic symbol.

1A il o,
a_]2a zv__4
5 —|3A av] o
LYY avl o
-7 sl 4o
13 —18A el .,

7293646

Fig. 4 Functional diagram.

S -

7293645

Fig. 5 Logic diagram (one Schmitt trigger).

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 74HC/HCT14

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics’’, section ““Family specifications”. Transfer character-
istics are given below.

Output 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 | —40to +125 v
min.| typ.| max.| min.| max. | min. | max.
0.7 1.5 0.7 | 1.5 0.7 1.5 2.0
Vs positive-going threshold 1.7 315 1.7 | 3.15 | 1.7 3.15 |V 4.5 Figs 6 and 7
2.1 4.2 2.1 | 4.2 2.1 4.2 6.0
0.3 1.0 03 |10 |03 1.0 2.0
V1o 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 | 3.0 1.2 3.0 6.0
0.2 1.0 0.2 [ 1.0 0.2 1.0 2.0
VH hysteresis (V14 — V1) 0.4 1.4 04 | 14 0.4 1.4 \ 4.5 Figs 6 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| =50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to +85 | —4010 +125 Vv
min. [ typ. | max. | min.| max. | min. | max.
¢ / ro tion dela 39 | 125 155 190 2.0
PHL propagation Celay 14 |25 31 38 | ns 45 | Fig.8
tPLH nA nB ton¥ 1 |21 26 32 6.0
¢ / 19 |75 95 110 2.0
THL output transition time 7 15 19 22 ns 4.5 Fig. 8
t
TLH 6 |13 16 19 6.0
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Product Specification

Hex Inverting Schmitt Trigger

74HC/HCT4

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
g 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 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 | Vcc | WAVEFORMS
+25 —40to+85 | —40to +125 v
min. | typ. | max. { min.| max. | min. | max.
VT4 positive-going threshold 15 ;? }i ;? }3 ;? v gg Figs 6 and 7
VT_ negative-going threshold g'g }i g‘g 1 g'g }f v gg Figs 6 and 7
Vy hysteresis (V4 - V1) 8: _ gz - 82 B Y gg Figs 6 and 7
AC CHARACTERISTICS FOR 74HCT
GND =0 V;t, =t§=6ns; C|_= 50 pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40to+85 | —40to +125 \V
min. | typ. | max. | min.| max. | min. | max.
tpHL/ propagation delay .
LI nA, nB to nY 18 | 31 39 47 ns 4.5 Fig. 8
tTHL/ output transition time 7 15 19 22 ns 4.5 Fig. 8
TLH
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Hex Inverting Schmitt Trigger 74HC/HCT14
TRANSFER CHARACTERISTIC WAVEFORMS
Vo
]
vy Vi
Vi T

| VH |e Vi

v. v.
T= Tt 720333

Fig. 6 Transfer characteristic.

Vo

7293339

Fig. 7 Waveforms showing the definition of
VT+, VT_ and VQ; where V14 and V_
are between limits of 20% and 70%.

AC WAVEFORMS

nA INPUT

nY OUTPUT

7293644

Fig. 8 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(.

7-39
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Signetics 74HC/HCT20
Dual 4-Input NAND Gate

Product Specification
HCMOS Products
FEATURES N TYPICAL
® Output capability: standard SYMBOL | PARAMETER CONDITIONS UNIT
® |cc category: SSI HC HCT
GENERAL DESCRIPTION tpHL/ propagation delay CL=15pF 8 13 ns
The 74HC/HCT20 are high-speed tPLH nA, nB, nC, nD tonY Vec=5V
Si-gate CMOS devices and are pin . 5
compatible with low power Schottky G input capacitance 35 | 35 | pF
TTL (LSTTL). They are specified in dissipati
compliance with JEDEC standard no. 7. CpD power issipation notes 1 and 2 22 17 pF
K R capacitance per package
The 74HC/HCT20 provide the 4-input
NAND function. GND =0 V; Tymp = 25°City =t; =6 ns
Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x VcC® 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 Vce = supply voltage in V
2 (CL x Vei? x fo) = sum of outputs
2. For HC the condition is V| = GND to V¢
For HCT the condition is V| = GND to Vgc — 1.5V
ORDERING INFORMATION / PACKAGE OUTLINES
7AHC /HCT20N: 14-pin plastic DIP; NH1 package
74HC/HCT20D: 14-pin SO-14; DH1 package
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
&
1A E 9] E Vee 3 :: i
18 [2] [13] 20 2 ” v _a NS
ne. [3] [12] 2¢ o _5 |
5
wwle] 20  [f]ne o 2A o |
10
10 5] [10] 28 10 . 22 <«
1v [6] [9]2a 12 ]
oD E E 2y 13 7293763 m—
7293764
7293762
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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Signetics HCMOS Products Product Specification
Dual 4-Input NAND Gate 7AHC/HCT20
1A
A
_g_ 1B 1\(__6 A
‘411C
4] s .
5|10 v
_9]2a ¢ Y
10| 28 ) 7293765 ¢
] 2Y| 8
1__2_ 2C D 7293766
13f20
7293767
Fig. 4 Functional diagram. Fig. 5 HC logic diagram (one gate). 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
Icc category: SSI

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 | —40to +125 V]
min. | typ. | max. | min. | max. | min. | max.
. 28 | 90 115 135 2.0
tPH v/ ";’X’agg“‘r’"(‘:d:gyto oy 10 |18 23 27 lns 45 | Fig.7
PLH < NN 8 |15 20 23 6.0
t / 19 | 75 95 110 2.0
tTH L output transition time 7 15 19 22 ns 4.5 Fig. 7
TLH 6 |13 16 19 6.0
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Signetics HCMOS Products Product Specification
Dual 4-Input NAND Gate 74HC/HCT20
DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see chapter “HCMOS family characteristics’’, section ‘‘Family spedifications”.
Output capability: standard
lcc 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, '
nC,nD 03
AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=tf=6ns;C_=50pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40 to +85 | —40t0 +125 v
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay .
tPLH nA, nB, nC, nD to nY 16 | 28 35 42 ns 45 Fig. 7
tTHL/ output transition time 7 15 19 22 ns 45 Fig. 7
TTLH
AC WAVEFORMS
:2::: INPUT
nY OUTPUT
7293768.1
Fig. 7 Waveforms showing the enable input (nA, nB,
nC, nD) to output (nY) propagation delays and the Note to AC waveforms
output transition times. (1) HC : V) = 50%; V| =GND to Ve
HCT: V=1.3V;V|=GND to 3V.
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Signetics

7AHC/HCT21
Dual 4-input AND Gate

Objective Specification

HCMOS Products
FEATURES N / TYPICAL
® Output capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® | category: SSI HC HCT
tpHL/ propagation delay CL=15pF
GENERAL DESCRIPTION tpLh nA, nB, nC, nD to nY Veg=5V 8 10 ns
The 74HC/HCT21 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 GND =0 V; Tamb = 25 °Ci ty = tf = 6 ns
compliance with JEDEC standard no. 7.
The 74HC/HCT21 provide the 4-input
NAND function. ORDERING INFORMATION / PACKAGE OUTLINES
74HC/HCT2IN: 14-pin plastic DIP; NH1 package
FUNCTION TABLE 74HC/HCT2ID: 14-pin SO-14; DH1package
INPUTS OUTPUT
B
M| nB| nC| D] nY¥ 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
H H H H 2,10 1B, 2B data inputs
H 3,11 n.c. not connected
H = HIGH voltage level 4,12 1C, 2C data inputs
L = LOW voltage level 5,13 1D, 2D data inputs
= don't care 6,8 1v, 2v data outputs
7 GND ground (0 V)
4 Y iti | It;
1 cc positive supply voltage B
1a [1] U [14] Vec
18 2] [13] 20
ne [3] [12] 2¢
1c [4] 21 (1] ne.
1D E E 2B
1v (6] [9] 24
aND [7] 8] 2v
Fig. 1 Pin configuration.
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HCMOS Products

FEATURES

® Output capability: standard
[ Icc category: SSI

GENERAL DESCRIPTION

The 74HC/HCT27 are high-speed
Si-gate CMOS devices and are pin
compatible with low power Schottky
TTL (LSTTL). They are specified in

‘compliance with JEDEC standard no. 7.

The 74HC/HCT27 provide the
3-input NOR function.

February 12, 1986

7AHC/HCT27
Triple 3-Input NOR Gate

Product Specification
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC | HCT

tpHL/ propagation delay Cp=15pF 8 10 s
tPLH nA, nB, nC tonY Vee=5V

Cy input capacitance 3.5 3.5 pF
Cpp power dissipation notes 1 and 2 24 | 30 pF

capacitance per gate

GND=0V;Tamp=25°C;ty=tf=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PpD=Cpp x Vcc? x fi+ 2 (CL x VCG? x fo) where:
fi = input frequency in MHz
fo = output frequency in MHz
Z (C x Vgc? x fp) = sum of outputs
2. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND to Vgc — 1.5V

CL = output load capacitance in pF
Vge = supply voltage in V

[

ORDERING INFORMATION /PACKAGE OUTLINES

74HC/HCT27N:
74HC/HCT27D:

14-pin plastic DIP; NH1 package
14-pin SO-14; DH1 package

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 1C to 3C data inputs
7 GND ground (0 V)
12,6, 8 1Y to 3Y data outputs
14 Vee positive supply voltage
7-44 853-0742 82392
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Triple 3-Input NOR Gate 7AHC/HCT27
1]1a _1—\
— 12
1] U [14] Vec 218 1Y f12 i 21 op=
18[7] [13] 1c 13 fic
3 ]2a =3 |
L] 2] ¥ z 28 2vle 4 NG
4] 27 [1]sc s l2c 5|
2c[5] [10] 38 9 |3a °
2v 6] (5] 3a 10 |38 avls 10| e
ano 7] Bk 1 jse 11
7287417.1 7287418.1 7293113
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.

2B 2Y |6

il G O

3B 3y|s

w
o

7287418.1

Fig. 4 Functional diagram.

Fig. 5 Logic diagram (one gate).

7293114

DC CHARACTERISTICS FOR 74HC

FUNCTION TABLE

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

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

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; = 6 ns; Cp_= 50 pF

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

. 28 |90 115 135 2.0

tPHL/ | propagation delay 10 |18 23 2 |ns |45 | Fig.6
tPLH nA, nB, nC tonY 8 15 20 23 6.0
/ 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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Signetics HCMOS Products ) . Product Specification

Triple 3-Input NOR Gate - 74HC/HCT27

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 (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

nA, nB,nC|1.50

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

Tamb (°C) TEST CONDITIONS

74HCT -
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —~40to +85 | —40 to +125 Y, :

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

tpHL/ propagation delay 4.5 Fig. 6
tPLH nA, nB, nC to nY 12 |21 26 32 ns ig.
tTHL/ output transition time 7 15 19 22 ns 45 Fig. 6
tTLH ~
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Triple 3-Input NOR Gate 74HC/HCT27
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.

7-47

Note to AC waveforms
(1) HC : Vp=50%; V| =GND to V.
HCT: V)y=1.3V;V;=GND to 3V.
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HCMOS Products

FEATURES

® Output capability: standard
® |pg category: SSI

GENERAL DESCRIPTION

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

February 12, 1986

74HC/HCT30
8-input NAND Gate

Product Specification
TYPICAL
SYMBOL | PARAMETER CONDITIONS UNIT
HC HCT
tpHL/ propagation delay CL=15pF 1 15 ns
tPLH A B, C D,E F,GHtoY| Vcc=5V
Cy input capacitance 3.5 3.5 pF
power dissipation

Cpp capacitance per gate notes 1 and 2 23 24 pF

GND =0 V; Tamp =25 °C; ty =ty =6 ns

Notes

1..CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=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
VcC = supply voltage in V

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

ORDERING INFORMATION / PACKAGE OUTLINES

74HC/HCT30N: 14-pin plastic DIP; NH1package
74HC/HCT30D: 14-pin SO-14; DH1 package

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1 A v data input

2 B data input

3 o] data.input

4 D data input

5 E data input

6 F data input

7 GND ground (0 V)

8 Y data output

9,10, 13 n.c. not connected

1 G data input

12 H data input

14 Vee positive supply voltage
7-48 853-0748 82392
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8-Input NAND Gate 74HC/HCT30
a[1] U 14] Vee 1]a . &
s [2] [13] nec. 2|8 _z_l
3|C —
o [5] 2] o N .
o[4] 30 [1e AP vls 5 | NS
e [5] 10] n.c. AN 6 |
F [&] [9]nc. 1le %.
ono [7 B 1z2{n ]
: 7293815
7293814 7203817
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.

T o |mmjo [o |=o |»

7293817

Fig. 4 Functional diagram;

Y = ABCDEFGH.

Y

7293818

Fig. 5 Logic diagram.

FUNCTION TABLE
INPUTS OUTPUT
A|B|C|D|E |F|G|H Y
LIX|X|X|X[X|X]|X H
X{L|X|X|X|X|X|X H
X XL X|[X[X[X[X H
X[ X|XIL|X|X|X]|X H
X{X[X|{X|L{X{X[X H
X|IX|X|X[X|L|X|X H
X|X[X|X[X[X|L[X H
X|X[{X|X[X[X[X|L H
H{H|HIH[HH|H[H L

H = HIGH voltage level
L = LOW voltage level
X = don’t care
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8-Input NAND Gate 7AHC/HCT30

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

Output capability: standard
Icc category: SS|

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

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER — UNIT | Voc | WAVEFORMS
+25 —40 to +85 | —40to+125 Vv
min. | typ. | max. | min. | max. |min. | max.
IPHL/ | propagation delay % |2 3 3 |ns |48 Fig. 6
tPLH +8,C.D,EFGHtoY 1 |22 28 33 6.0
19 |75 95 110 20
:TH L/ output transition time 7 15 19 22 ns 4.5 Fig. 6
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
lcc 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 Algc per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | COEFFICIENT
A B,C, D,
e oo

AC CHARACTERISTICS FOR 74HCT
GND=0V; 1ty =tf=6ns; Cp_ =50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40to +125 v
min. | typ. | max. | min.| max. | min. | max.
tpHL/ propagation delay 47 a. Fia.
tPLA A B,C D,EF, G HtoY 18 |3 39 ns 5 | Fig.6
YTTHY | output transition time 7 |15 19 22 |ns 45 | Fig.6
tTLH '
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8-input NAND Gate 74HC/HCT30
AC WAVEFORMS
AB,CD,EFGH
INPUT v
- tPHL tPLH
Y OUTPUT p"
7293819 THL - - TLH
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 : Vg =50%; V| =GND to Vcc.
HCT: Vi =13V;V|=GNDto 3V.
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Signetics 74HC/HCT32
Quad 2-Input OR Gate

Product Specification
HCMOS Products
FEATURES
TYPICAL

® Output capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® | category: SS| HC HCT
GENERAL DESCRIP tpHL/ propagation delay CL=15pF

TION tpLH nA, nB tonY Vec=5V 6 ° ns
The 74HC/HCT32 are high-speed
Si-gate CMOS devices and are pin Cy input capacitance 35 | 35 | pF
compatible with low power Schottky
TTL (LSTTL). They are specified in power dissipation
compliance with JEDEC standard no. 7. CpD capacitange 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=CPD x VCC* x fi + = (CL x VCC? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz Ve = supply voltage in V
2 (CL x Vgi? x fo) = sum of outputs
2. For HC the condition is V| = GND to Vcg
For HCT the condition is V| = GND to Vgcc — 1.5V

[

ORDERING INFORMATION /PACKAGE OUTLINES

7AHC/HCT32N: 14-pin plastic DIP; NH1 package
7AHC/HCT32D: 14-pin SO-14; DH1package

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
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Signetics HCMOS Products

Product Specification

Quad 2-Input OR Gate

74HC/HCT32

wi Y [@we
18 [2] [13] 48
1v [3] [12] 4
2a[4] 32 [11] av
28 5] 10] 38
2v 6] [5] 34
GNp [7] 3y
72874181

Fig. 1 Pin configuration.

Ia Iu

|o

Blo o] ol

]

1A

1Y
18
2A

2Y
28
3A

3Y
38
4A

4y
48

s ]

7287420.1

Fig. 2 Logic symbol.

7290989

Fig. 3 1EC logic symbol.

A
F L oo

7290990

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

FUNCTION TABLE
j INPUTS OUTPUT
1A
_zzDﬁs— nA nB nY
4124 L L L
Fape CE |
H L H
_10]38 —
H = HIGH voltage level
A2]4A L = LOW voltage level
4yl 11
FRDe
72874201
Fig. 4 Functional diagram.
A
o— v

7293123

Fig.6 Logic diagram PC54/74HCT
(one gate).
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Quad 2-Input OR Gate v T74HC/HCT32

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 =0 Vi t, = t; = 6 ns; Cp_ = 50 pF

Tamb (°C) TEST CONDITIONS
74HC :
SYMBOL | PARAMETER , UNIT | Vgc | WAVEFORMS
+25 —40t0+85 | —40t0 +125 v :
min.| typ. | max. | min.| max. | min. | max.
i 22 |90 115 135 2.0
tPHL/ | Ppropagation delay 8 |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

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 1.20

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

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

min. [ typ. | max.| min. | max.|min. | max.
tpHL/ propagation delay .
tpLH nA, nB to nY 11 24 30 36 ns 45 Fig. 7
g‘::/ output transition time 7 15 19 22 ns 45 Fig. 7
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Product Specification

Signetics HCMOS Products
Quad 2-Input OR Gate 74HC/HCT32
AC WAVEFORMS |

nA,nB INPUT

nY OQUTPUT

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 : V= 50%; V| =GND to Vcc.
HCT: Vm=13V;V}=GNDto3V.
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Signe’rics

HCMOS Products

FEATURES

® Mutually exclusive outputs

® 1-0f-8 demultiplexing capability

® OQutputs disabled for input codes
above nine

©® OQutput capability: standard

® g 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 1-0f-8 decoder. The A3z input can

also be used as the data input in an
8-output demultiplexer application.

74HC/HCT42

BCD-to-Decimal Decoder
(1-of10)

Objective Specification

TYPICAL
SYMBOL | PARAMETER CONDITIONS UNIT
HC HCT
tpHL/ propagation delay CL =15pF
tPLH nAtonY Vee=5V 14 16 ns
C input capacitance 3.5 3.5 pF

GND=0V;Tamp=25°C;t,=tf=6ns

ORDERING INFORMATION / PACKAGE OUTLINES

74HC/HCT42N: 16-pin plastic DIP; NJ1package
74HC/HCT42D: 16-pin SO-16; DJ1 package

PIN DESCRIPTION

PIN NO.

SYMBOL

NAME AND FUNCTION

1,2,3,4,5,6,
7,9,10, 11

8

15, 14,13, 12
16

70 to Vs
GND
Apgto Az
Vee

multiplexer outputs

ground (0 V)
data inputs
positive supply voltage

FUNCTION TABLE

Wil Y
7]
%2[3]
an
va[5]
% (5]
Vs 7]
ano 8]

6] Vec
is] A0
a1
[13] A2
[12] A3
[11] 7o
[10] Vs
i

42

Fig. 1 Pin configuration.

January 1986

INPUTS

OUTPUTS

>
w

>
N
>
-

L3
<
5

<
-

<
N
=<
w
»
<
o
-2}
~N
=<l
-]

©o

IIXIXII IIXIXT rrrreorrerer
ITITIXIIXT rrCFCC I K-
ITrr IXTIrr IIrFfr IIrCC-

IrIr IFrQrIr IrC-rIrC- IrCrITr
IXIIT IIIXIT IIXII ITTIIr

IIXTXTT IXIIII IIII IXIrxT

IXTITIT ITIII IIII IrIXT
IXIIXI IIII IIIXIT rIIIT
IITIIT IIII IIxr ITIxITI| <
IIII IIII IIrT IIIXT
IITIIT IIII IrII IIITI| <
IIII IIITIT rIITI ITITI |
ITXIIXTrX IIXIIr IIII IIIIXI

IIITXT IIrCrXI IIITIT IITXTI |

H = HIGH voltage level
L = LOW voltage level
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Signetics 74HCS58
Dual AND-OR Gate

Objective Specification

HCMOS Products
FEATURES TYPICAL
® QOutput capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® |gc category: SSI HC
tpHL/ propagation delay CL=15pF
GENERAL DESCRIPTION tpLH 1n, 2n to nY v'{;c =5V 10 ns
The 74HC58 is a high-speed
Si-gate CMOS device and is pin C input capacitance 3.5 pF
compatible with low power Schottky
TTL (LSTTL). It is specified in power dissipation
compliance with JEDEC standard no. 7. Cep capacitance per gate notes 1 and 2 18 pF

The "'58'" provides two sections of P RO e el
AND-OR gates. One section contains GND =0 V; Tamp =25°C; tr=tf =6ns
a 2-wide, 3-input (1A to 1F) AND-OR Notes

gate and the second section contains 1

a 2-wide, 2-input (2A to 2D) AND-OR . CpD is used to determine the dynamic power dissipation (Pp in uW):

gate. PD=Cpp x Vgg? x fi+ 32 (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 (CL x Vgi? x fo) = sum of outputs
2. For HC the condition is V[ = GND to V¢C
ORDERING INFORMATION / PACKAGE OUTLINES

74HC /HCT58N: 14-pin plastic DIP; NH1 package
74HC/HCT58D: 14-pin SO-14; DH1 package

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
101%1 13.9, 1Ato 1F data inputs
2,345 2A to 2D data inputs
8,6 1v, 2y data outputs
7 GND ground (0O V)
14 Vee positive sypply voltage
[
a1} 9] [14] Vee 12418
24 2] [13] 1¢ i:i ME
28[3] E 8 1olie
2¢ [Z 58 [ e IN
(] o izA PROGRESS
3|28
2v 6] o] io z 2¢ e
anp [7] B 5|20
7293940 7293941
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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Signetics

HCMOS Products

FEATURES

@ Output capability: standard
® lgc 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/HCT73 are dual negative-
edge triggered JK-type flip-flops .
featuring individual J, K, clock (nCP)
and reset (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.

188 Ed U 18] 13
172 13] 13
w[3] 2] 10

vec[2] 73 [11] anD

27 5] [10] 2¢
2R [§] 9] 20
2[7] 8] 25

7293186
Fig. 1 Pin configuration.

74HC/HCT73
Dual JK Flip-Flop with Reset

Product Specification
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
propagation delay
tPPHL/ nCP to nQ 17 19 ns
tPLH nCP to nQ Cp=15pF 15 18 ns
nR to nQ, nQ Vee=5V 14 17 ns
fmax maximum clock frequency 58 50 MHz
Cy input capacitance 3.5 3.5 pF
power dissipation E
CeD capacitance per flip-flop notes 1 and 2 30 30 p
GND =0 V;Tamp =25 °C;ty=tf=6ns
Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=CpD xVcc? xfi+ 2 (CL x Vee? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF

fo = output frequency in MHz VcC = supply voltage in V
Z (C x Vg? x fo) = sum of outputs
2. For HC the condition is V| = GND to Vcc

For HCT the condition is V| =

GNDtoVcc—15V

ORDERING INFORMATION /PACKAGE OUTLINES

74HC/HCT73N:
74HC/HCT73D:

14-pin plastic DIP; NH1 package
14-pin SO-14; DH1 package

PIN DESCRIPTION

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

1 GND ground (0 V)

12,9 1Q, 20 true flip-flop outputs

13,8 1Q, 20 complement flip-flop outputs

14,7,3,10 14, 2J, 1K, 2K synchronous inputs; flip-flops 1 and 2

February 12, 1986
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Signetics HCMOS Products Product Specification

Dual JK Flip-Flop with Reset 74HC/HCT73

LU P 12
AN 14 11 10} 12
14 1J 3 Z}u T e 4 Q
T, ope2 i 13 L1 —olce Fr1
1 20 9 2INp I KL Gl-18f 13
R 13 13 I, 9 A
3 1K K afF=" 5 N — -
——Jw v R 20 8 L:{,:(Pc‘ 2 IR ?
1ﬁTzﬁ 6 R -8
2le 7293187
7293188.1 742 J a 20f 9
S 2 cp kr2
Fig. 2 Logic symbol. Fig. 3 1EC logic symbol. 10 f2k |, 5 20| 8
R
N L
7293189
Fig. 4 Functional diagram.
FUNCTION TABLE
H = HIGH voltage level
OPERATING MODE INPUTS OUTPUTS h = HIGH voltage level onhe set-up time prior
oR P J K ala to the LOW-to-HIGH CP transition
n L = LOW voltage level
| = LOW voltage level one set-up time prior
asynchronousreset | L | X X | x| LH to the LOW-to-HIGH CP transition
— q = lower case letters indicate the state of the
‘toggl‘elou (reset) : i :‘ : ?_ g‘ referenced output one set-up time prior
oac 7., oS to the LOW-to-HIGH CP transition
load ‘1" (set) H { h | HiL X = don't care
hold "no change A P aja 4 = HIGH-to-LOW CP transition
— D
[ c
c c
4 4
a
K —-l >—
: c
>
7293190
e o— >ot+{>o—c
c
Fig. 5 Logic diagram (one flip-flop).
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Signetics HCMOS Products

Product Specification

Dual JK Flip-Flop with Reset

74HC/HCT73

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 | Voo | WAVEFORMS
+25 —40t0+85 | —40to +125 v
min. | typ. | max. | min. | max. | min. | max.
. 55 {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
tpHL/ propagation delay 18 | 32 40 48 |ns 45 | Fig.6
tpLH nCP to nQ 14 |27 34 41 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 3 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
reset pulse width 60 Y ® b 22
6 15 18 ns 45 | Fig.7
w HIGH or LOW }3 5 13 15 60 |
i 80 |22 100" 120 2.0
removal time 8 20 24 ns 4.5
trem nR to nCP :2 6 17 20 6.0
tup ti 80 |22 100 120 2.0
set-up time 1 8 20 24 ns 45 | Fig.6
tsu nJ, nK to nCP 12 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
¢ maximum clock pulse 30 | 54 24 20 MHz |45 | Fig.6
max frequency 35 | 64 28 24 6.0
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Signetics HCMOS Products Product Specification

Dual JK Flip-Flop with Reset 74HC/HCT73

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 Algc per input, multiply this value by the unit load coefficient shown in the table below.

. unit load
input coefficient
nd, 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 | Vgc | WAVEFORMS
+25 —40to+85 | —40to+125 v
min. | typ. | max.| min.| max. | min. | max.
tPHL/ | propagation delay 2 (38 a8 57 |ns |45 | Fig.6
tpLH nCP to nQ
tPHL/ | Ppropagation delay 21 |36 45 54 [ns |45 | Fig.6
tPLH nCP to nQ
tPHL/ | Ppropagation delay 20 |34 43 §1 |ns |45 | Fig.7
tPLH nR to nQ, nQ
tTHL output transition time 7 15 19 22 ns 4.5 Fig. 6
tTLH
tw o e " 23 |12 29 35 ns |45 | Fig.6
reset pulse width 9 27 45 Fig. 7
w HIGH or LOW 18 2 ns 9
removal time 1 ns 45
trem nR to nCP 12 15 15 8
tsu b e & 12 |5 15 18 ns |45 | Fig.6
hold time  _ 0 ns 45 | Fig.6
th nJ, nK to nCP 5 5 5 9
maximum clock pulse 1 H 45 Fia. 6
fmax frequency 27 (46 22 8 MHz | 4. g
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Signetics HCMOS Products

Product Specification

Dual JK Flip-Flop with Reset

74HC/HCT73

AC WAVEFORMS

m—
|ty e

nd, nK INPUT vyt %

|ty

nCP INPUT X-VM“)

Yt max

fe—— tyy ———
—{ tPHL =

(1)

A

C

tPLH - 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

reset pulse width.

7293192

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

nQ OUTPUT m
hold times, the output transition times and
P B [} T the maximum clock pulse frequency.
n@ OUTPUT vy Note to Fig. 6
The shaded areas indicate when the input is
| ltrin || — permitted to change for predictable output
72931911 - tpip = |ty - performance.
nR INPUT
nQ OUTPUT
nQ OUTPUT

Note to AC waveforms
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Signetics 7AHC HCT74
Dual D-Type Flip-Flop
with Set and Reset

Product Specification

HCMOS Products
FEATURES TYPICAL
® Output capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® ¢ category: flip-flops HC | HCT

E propagation delay
GENERAL DESCRIPTION tPHL/ nCP to nQ, n 14 5 s
The 74HC/HCT74 are high-speed tpLH nSp to nQ, ng C_=15pF 15 18 ns
Si-gate CMOS devices and are pin nRp tonQ,n0 Vec=5V 16 18 ns
compatible with fow power Schottky
TTL (LSTTL). They are specified in frax maximum clock frequency 76 59 MHz
compliance with JEDEC standard no. 7. -
The 74HC/HCT74 are dual positive- Cy input capacitance 35 | 35 | pF
edge triggered, D-type flip-flops with .
individual data (D) inputs, clock (CP) CPD power 9"“""“'°“ﬂ‘ f notestand2 | 24 | 29 | pF
inputs, set (Sp) and reset (Rp) inputs; capacitance per flip-tlop
also complementary Q and Q outputs. GND =0 V; Tamp = 25 °C: ty = tf = 6 ns
The set and reset are asynchronous
active LOW inputs and operate Notes

independently of the clock input.

Information on the data input is 1. Cpp is used to determine the dynamic power dissipation (Pp in uW):

transferred to the Q output on the LOW- Pp=Cpp x Vce? x fi+2 (CL x Vee? x fo) where:
to-HIGH transition of the clock pulse. fi = input fre in MH - : .
! quency in z CL output load capacitance in pF

The D inputs must be stable one set-t:(p fo = output frequency in MHz Vce = supply voltage in V
:lmesgrlor fto thi;gg;:‘:'erﬁ‘zgc Z (CL x Vgi? x fo) = sum of outputs

ransition for precictable operation. 2. For HC the condition is V| = GND to Vg
Schmitt-trigger action in the clock input For HCT the condition is V| = GND to Vg — 1.5 V
makes the circuit highly tolerant to
slower clock rise and fall times. ORDERING INFORMATION / PACKAGE OUTLINES

74HC /HCT74N: 14-pin plastic DIP; NH1 package
74HC /HCT74D: 14-pin SO-14; DH1 package

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

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

3,11 1CP, 2CP clock input (LOW-to-HIGH, edge-triggered)
4,10 1§D, 2§D 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

February 12, 1986 7-63 853.0794 82392



Signetics HCMOS Products Product Specification

fr

Dual D-Type FlipFlop with Setand Reset J4HCIHCT74

il Y [@ve e el
10[2] [13] 2Rp ' ’gnlﬁo LZP“ .
1cp [3] e 1—2%;—._ 0 | 05 ) LI pys ks
~ \ °  Af55% o indg P
18p ,Z 74 [17] 2cp AL PR
_ i 11 2cp = TN o
1a[5] [10] 25 o SRS 1 —
N 23 8 “—"@C'
13 [6| [9] 20 2 2 7o o
_ 1Rp [ 2R 130 -
ano [7] E’ 20 7293117 ?Tw ° R
. 7293118.1
7293116
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
FUNCTION TABLE
T s INPUTS OUTPUTS )
S, N — ol
2 Jwo | o ol1e] s §D " Rp cP D Q ﬁ
3 Jice
RN I L H X X H L
a H L X X L H
N L L X X H H
_1_ 1Rp
o INPUTS OUTPUTS
12 fe0 | RN 1Y I — —
1_|ace Sp Rp cp D Qn+1. Qn+1
cp FF2f
o A R H H 1 L L H
B ) H H t H H L
13_|2Ro
H = HIGH voltage level
7ze3118 L = LOW voltage level
X = don’t care '
Fig. 4 Functional diagram. 1 = LLOW-to-HIGH CP transition
Qp4+1 = state after the next LOW-to-HIGH CP transition

e Pt

é

72931201

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




Signetics HCMOS Products Product Specification

Dual D-Type Flip-Flop with Set and Reset 74HC/HCT74

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, = t¢ = 6 ns; C|_= 50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Ve | WAVEFORMS
+25 —40to +85 | —40to +125 Vv
min. | typ. | max. | min.| max. | min. | max.
/ on del 47 | 178 220 265 2.0
tPHL °’°"Ff'ga“°0“ %aV 17 |35 44 53 | ns 45 | Fig.6
PLH nCP tonQ, n 14 |30 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
i 52 | 200 250 300 20
tPHL/ | propagation delay 19 |40 50 60 |ns | 45 | Fig.7
tPLH nRp tonQ, nQ 15 |34 43 51 6.0
y 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
) 80 |19 100 120 20
clock pulse width .
w 16 |7 20 24 ns 45 | Fig.6
HIGH or LOW 14 |6 17 20 6.0
) 80 |19 100 120 20
set or reset pulse width .
tw 16 |7 20 24 ns 45 | Fig.7
HIGH or LOW 14 |6 17 20 6.0
removal time 30 ? 40 35 zg
trem set or reset 6 8 ns ’
5 |1 7 8 6.0
ot up time 60 |6 75 20 2.0
g 12 |2 15 18 ns 45 | Fig.6
! nD tonCP 10 |2 13 15 6.0
. 3 | -6 3 3 2.0
th hod time 3 |-2 3 3 ns | 45 | Fig.6
nCP to nD 3 | -2 3 3 6.0
) 6.0 | 23 48 40 20
fmax maximum clock pulse 30 |69 24 20 MHz | 45 | Fig.6
frequency 35 |82 28 24 6.0
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Signetics HCMOS Products ) Product Specification

Dual D-Type Flip-Flop with Set and Reset » 74HC HCT74

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 Alge per input, multiply this value by the unit load coefficient shown in the table below.

unit load

input coefficient
D 0.70
nRp 0.70
nSp 0.80
ncP 0.80

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 53 45 | Fia.6
tPLH nCP to nQ, nQ 8135 44 ns 9
tpHL/ | Ppropagation delay 21 | 35 44 53 | ns | 45 | Fig.7
tPLH nSp to nQ, nQ
tHL/ | Propagation delay 21 | 35 a4 63 | ns | 45 | Fig.7
tPLH nRp to nQ, nQ
tTHL/ output transition time 7 15 19 22 ns 4.5 Fig. 6
TTLH

clock pulse width I 27 ns 45 Fia. 6
w HIGH or LOW 1819 z 9

set or reset pulse width 24 ns 4.5 Fia. 7
w HIGH or LOW 16 |9 20 9

removal time 9 ns 45
trem set or reset 6 L 8

set-up time 12 |5 1 18 ns 45 | Fig.6
tsu nD to nCP 5

hold time -3 3 3 ns 45 | Fig.6
th nCP to nD 3

maximum clock pulse 22 18 MHz 45 Fio. 6
fmax frequency 27 |54 ' 9
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cts

Product Specification

Dual D-Type Flip-Flop with Set and Reset

74HC/HCT74

AC WAVEFORMS

nD INPUT

nQ OUTPUT

nQ@ OUTPUT

nCP INPUT ] v

~»| TPHL (=
J‘VM
Vm
-ttt
7293122.1 = tpLy |-

fmax

—=| teLH =

- < TLH

ol |-ty
= tpy

Fig. 6 Waveforms showing the clock (nCP) to
output (nQ, nQ) propagation delays, the clock
pulse width, the nD to nCP set-up, the nCP tonD
hold times, the output transition times and the
maximum clock pulse frequency.

Note to Fig. 6

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

nSp INPUT s

m

!
|

~—tPLH

-~ tyy —
tPHL—>

nRp INPUT

]
nQ OUTPUT
nQ OUTPUT

< tPHL

Vm

M
*‘—___
tPLH — ~

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 : V= 50%; V| = GND to V.
HCT: Vi =1.3V; V| =GND to 3V.
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HCMOS Products

FEATURES

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

Icc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT75 are high-speed
Si-gate CMOS devices and are pin
compatible with low power Schottky
TTL (LSTTL). They are specified in
compliance with 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 (LE{.p 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 LEp_ 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-n is LOW.

February 12, 1986

7AHC/HCT75

Quad Bistable Transparent

Latch

Product Specification
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
propagation delay _
tpHL/ Dn to Qn, On CL=15pF 1M 12 |ns
PLH LEp.n to Qn, On cc= 1M |11 |ns
C input capacitance 3.5 3.5 pF
power dissipation
Crp capacitance per latch notes 1 and 2 42 42 pF
GND =0 V; Tamp =25 °Ci 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 VCC? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF

fo = output frequency in MHz

(!

vce

2 (Cp x Vei? x fp) = sum of outputs
2. For HC the condition is V| = GND to VCC
For HCT the condition is V| =GND to Vg — 15V

ORDERING INFORMATION / PACKAGE OUTLINES

74HC/HCT75N:
74HC / HCT75D:

16-pin plastic DIP; NJ1 package
16-pin SO-16; DJ1 package

PIN DESCRIPTION

supply voltage in V

PIN NO. SYMBOL NAME AND FUNCTION

1,14,11,8 1Qto0 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 LEq.2 latch enable input, latches 1 and 2
(active HIGH)

16, 15, 10, 9 1Q to 4Q latch outputs
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Product Specification

Quad Bistable Transparent Latch

74HC/HCT75

a1
10[2]
20[3]
Leg4 4]
vee [5]
3o [e]

4 [7]
43 (3]

9) 6] 10
15] 20
[14] 23
ELE1_2
[12] Gno
1] 3@
[75] 30
9] 40

75

7293145

Fig. 1 Pin configuration.
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7— 40 _
4a|—s8
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Fig. 2 Logic symbol.
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7293146
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—C2

——2D
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o
!s m]m :la: L[a

20 N1

7293147

Fig. 3 |EC logic symbol.
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Fig. 4 Functional diagram.
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2D

30
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cp
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cP
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2
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cep
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4

Fig. 5 Logic diagram.
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Torom
o e
Toooe

7293149.1

FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODES —
LEyn | nD | nQ | nQ
H L L |H
data enabled H H H L
data latched L X lg |qa

H = HIGH voltage level

L = LOW voitage level

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

X = don’t care
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Quad Bistable Transparent Latch 74HC/HCT75
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 =0Vt =t§=6ns;C| =50 pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40t0 +85 | --40t0 +125 Y,
min. | typ. | max. | min.| max. | min. | max.
. 33 | 110 140 165 2.0
tpHy/ | 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
tpyL/ | propagation delay 14 |24 30 36 |ns 45 | Fig.7
tPLH nD to nQ 1 |20 26 31 6.0
. 33 | 120 150 180 2.0
tPHL/ | Ppropagation delay 12 | 24 30 3 |ns |45 | Fig.8
tPLH LEp.p tonQ 10 | 20 26 31 6.0
. 39 125 155 190 2.0
tpHL/ propagation delay 14 | 25 31 38 | ns 45 | Fig.8
tPLH LEn.p tonQ 1 |21 26 32 6.0
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
19 120 2.0
W enable pulse width ?g 7 ;80 24 ns 45 Fig. 8
HIGH 14 |6 17 20 6.0
set-up time 60 | 14 75 % 20 E
- 12 |5 15 18 ns 4.5 ig. 9
s nD to LEn-n 10 |4 13 15 6.0
. 3 -8 3 3 2.0
t hold time 3 -3 3 3 ns 4.5 Fig. 9
nD to LEj.n 3 _2 3 3 6.0

7-70



Signetics HCMOS Products

Product Specification

Quad Bistable Transparent Latch

7AHC/HCT75

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 (Alcg) 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 0.75
LEn 1.00

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 15 |28 35 42 | ns |45 | Fig.6
tPLH nD to nQ
tpHL/ propagation delay 45 | Fig. 7
tPLH nD to nQ 15 28 35 42 ns ig.
tpHL/ propagation delay 45 | Fig.8
LR LEn.n to nQ 13 |28 35 42 ns ig
tpHL/ propagation delay 15 | 30 38 45 ns 4.5 Fig. 8
tPLH LEp.p to nQ
g*L* h’ output transition time 7 |15 19 22 |ns |45 | Figs6and?
W enante pulse width 16 |6 20 24 ns | 45 | Fig.8

set-up time 4 45 Fig. 9
tsu nD to LEnn 12 15 18 ns ig

hold time ' i
th nD to LEq.n 3 -2 3 3 ns 4.5 Fig. 9
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Product Specification

Quad Bistable Transpdrent Latch

~ 74HC/HCT75

AC WAVEFORMS

nD INPUT

nQ OUTPUT

7293150

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

nD INPUT

n@ OUTPUT

7293151 THL- |- |ty

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

nD INPUT \—m

LE,.q INPUT

nQ OUTPUT

nQ@ OUTPUT

7293152 >l ety - tTHL

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

LEp.n INPUT

nQ OUTPUT %

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

=

7293153

Note to Fig. 9

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

Note to AC waveforms
(1) HC : Vi = 50%; Vi =GND to Vge.
HCT: V)y=1.3V;V)=GND to 3V.
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HCMOS Products

FEATURES

® Serial or parallel expansion without
extra gating

® Magnitude comparison of any binary
words

® Output capability: standard

® ¢ category: MSI

GENERAL DESCRIPTION

The 74HC/HCTS8S 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/HCT8S5 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 (Ag 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.
In the lower part of the table, the outputs
reflect the feed forward conditions that
exist in the parallel expansion scheme.
For proper compare operation the
expander inputs (IA>B, |A=B and |A<B)
to the least significant position must be
connected as follows: |aA<B = IA>B =

= LOW and Ia=B = HIGH.

For words greater than 4-bits, units can be
cascaded by connecting outputs QA<B,
QA>B and Qp=B to the corresponding
inputs of the significant comparator.

February 12, 1986

74HC/HCT85
4-Bit Magnitude
Comparator

Product Specification
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
propagation delay
An, B to QA>B, QA<B 20 18 ns
tpHL/ An, Bp to Qa-p CL=15pF 15 20 ns
tPLH IA<B, |A=B, |A>B to Vec=5V
Qa<B. QA>B 13 15 ns
IA=B to QA=B 10 14 ns
C input capacitance 3.5 3.5 pF
power dissipation
Crp capacitance per package notes 1 and 2 18 2 pF

GND=0V;Tamp =25°C; ty=tf=6ns
Notes

1.

2. For HC the condition is V| = GND to V¢C

ORDERING INFORMATION / PACKAGE OUTLINES

74HC/HCT85N:
74HC/HCT85D:

CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp xVce? x fi+Z (CL x Vee? 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 (CL x Vgg? x fp) = sum of outputs

For HCT the condition is V| = GND to Vcc — 1.5 V

16-pin plastic DIP; NJ1package
16-pin SO-16; DJ1 package

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

2 la<B A < B expansion input

3 IA=B A = B expansion input

4 IA>B A > B expansion input

5 QA>B A > B output

6 Qa=8 A =B output

7 Qa<B A < B output

8 GND ground (0 V)

9,11,14,1, Bpto B3 word B inputs

10,12,13,156 | Agto A3 word A inputs

16 Vee positive supply voltage
7-73 853-0797 82392
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4-Bit Magnitude Comparator 74HC/HCT85
comp
83 [1] U 7] Ve 10 — :o 104,
9 — 8o 12
‘a<s[2] [15] A3 12 —{Aq RER I
a=8[3] Es, :;:'11 Opcp—7 151,
1a>8[4] [13] A2 I 210 p<al-L
85 w—8% o, sl—¢ 11| oot
x5 [5] EA, 15 — A3 alpe ol
Qp-p[5] [11] 84 1—B3  Qa>gf—s 1,
%<s[7] [10] Ao ;ﬁ:/«B 2<
— A=B 3
ano 8| [9]80 4—la>s o :
7293221 7293222 7293223
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.

'a<s

‘a=8

'a>g

Qa<s) 7

Qa=8| 6

Qa>gl 5

7293224

Fig. 4 Functional diagram.

APPLICATIONS

® Process controllers
@ Servo-motor control

FUNCTION TABLE
COMPARING INPUTS CASCADING INPUTS OUTPUTS
A3 B3 | A2,B2 | A1,Bq | Ag.Bg |la>B | !a<B | 1A=B | QA>B | OA<B | QA-B
A3>B3z | X X X X X X H L L
A3<B3 | X X X X X X L H L
A3=B3z | Ap>By | X X X X X H L L
A3=B3 | A2<Bp | X X X X X L H L
A3=B3 | Ap=B2 | A1>Bq | X X X X H L L
A3=B3 | Ap=B2 | A1<Bq | X X X X L H L
A3=B3 | A=B2 | A1=Bq | Ap>Bp | X X X H L L
A3=B3 | Ag=B2 | A1=Bq1 | Ag<Bg | X X X L H L
A3=B3 | A=B | A1=B1 | Ap=Bg | H L L H L L
A3=B3 | Ap=Bp | A1=B1 | Ag=Bg | L H L L H L
A3=B3 | Ap=Bp | A1=B1 | Apg=Bg | L L H L L H
A3=B3 | Ap=Ba | A1=Bq | Apg=Bg | X X H L L H
A3=B3 | A=By | A1=B1 | Ap=Bg | H H L L L L
A3=B3 | Ag=B2 | A1=B1 | Ag=Bp | L L L H H L

7-74

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

4-Bit Magnitude Comparator

74HC/HCT85
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vy

A2

L1

A

$49994

By

Ao

%

B

Fig. 5 Logic diagram.

Qa=g

Qa<s

7293226
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Product Specification
4-Bit Magnitude Comparator 74HC/HCT85
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics”, section *‘Family specifications’”.
Output capability: standard )
lce category: MSI
AC CHARACTERISTICS FOR 74HC
GND=0V;tr=tf=6ns;CL=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40t0+85 | —40to +125 v
min.| typ. | max. | min.| max. | min. | max.
. 63 | 195 245 295 2.0
tPHL/ | propagation delay 23 | 39 49 59 |ns |45 | Fig.6
tPLH Ans Bn t0 Qp>p or Qa<s 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, Bn to Qa-p 14 | 30 37 45 6.0
/ propagation delay 44 | 140 175 210 2.0
tPHL Ia<B |A=B. IA>B to 16 | 28 35 42 | ns 45 | Fig.6
PLH Qa<B. 0A>B 13 | 24 30 36 6.0
. 33 | 120 150 180 2.0
tPHL/ | propagation delay 12 | 24 30 36 |ns |45 | Fig.6
tPLH =g 10 Qp=B 10 | 20 26 31 6.0
/ 19 | 75 95 110 2.0
ITHL output transition time 7 15 19 22 ns 4.5 Fig. 6
ITLH 6 13 16 19 6.0
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4-Bit Magnitude Comparator 74HC/HCT85

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 (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
Ia<B 1.00

IA>B 1.00

1A=B 1.50

An, Bn 1.50

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

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc| WAVEFORMS
+25 —4010+85 | —40 to +125 v
min.| typ. | max. | min.| max. | min. | max.
tpHL/ propagation delay .
tpLH An, Bp t0 Qa>p or Qa<p 21 | 37 46 56 ns 45 | Fig.6
tpHL/ propagation delay .
tpLh An, By, 10 Qp-p 23 | 40 50 60 ns 4.5 Fig. 6
ot/ propagation delay
tmi IA<B. |A=B. IA>B t0 18 | 31 39 47 | ns 45 | Fig.6
Qa<B: QA>B
tpHL/ propagation delay .
tpLH IA=B t0 QA=B 17 | 31 39 47 ns 4.5 Fig. 6
m‘_'";/ output transition time 7 |15 19 22 | ns 45 | Fig.6
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74HC/HCT85

Signetics HCMQS Products

4-Bit Magnitude Comparator

AC WAVEFORMS

A By, 1y INPUT

Q, ouTPUT

7293226

Fig. 6 Waveforms showing the word A inputs

(Ap), word B inputs (By,) and expansion inputs Note to AC waveforms
(In) to the outputs (Qp) propagation delays and . _ =
the output transition times. m :gT xm - ?(;%\}V\}' _GgNDDt:o\gc\?'
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HCMOS Products

FEATURES

® Output capability: standard
® Igc category: SS|

GENERAL DESCRIPTION

The 74HC/HCTB86 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/HCT86 provide the
EXCLUSIVE—OR function.

74HC/HCT86

Quad 2-Input Exclusive-OR
Gate

Product Specification
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT

tpHL/ propagation delay CL=15pF 1 14 ns
tpLH nA, nB tonY Vee=5V
[o]] input capacitance 3.5 3.5 pF

power dissipation E
CpD capacitance per gate notes 1 and 2 30 30 P

GND =0V; Tamp = 25°C; tr = tf =6 ns
Notes
1. CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=CpD x VCC® x fi+Z (CL x VCG? x fo) where:
fi = input frequency in MHz CL
fo = output frequency in MHz
2 (CL x Vgi? x fo) = sum of outputs
2. For HC the condition is V| = GND to VCcC
For HCT the condition is V| = GND to V¢cc — 1.5 V

ORDERING INFORMATION / PACKAGE OUTLINES

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

74HC/HCT86N: 14-pin plastic DIP; NH1 package
74HC/HCT86D: 14-pin SO-14; DH1 package
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 to4Y data outputs
7 GND ground (0 V)
14 Vee positive supply voitage

1 [1] U [14] vec
1 (2] [13] 48

w 3] [12] 4

24 (4| 86 E ay

28 [5 | [10] 38

2v 6| (9] 3a
GND Ej 5] av

72874091

Fig. 1 Pin configuration.

Iw

1A
1Y
18
2A
2y
28
3A
3y
38
4A
4y
48

bl o lole ol

7287410.1

Fig. 2 Logic symbol.

7287490

Fig. 3 IEC logic symbol.

February 12, 1986
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Quad 2-Input Exclusive-OR Gate 7AHC/HCT86
_1]a
Y3
_2j =
_4l2a
rad (3
_5]28 - A
_9}3a o—v
Y8
_10}38 —
B
7287474
_12}aa
avjin
_13je8
T 7z87410.
Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate).
FUNCTION TABLE
INPUTS OUTPUTS
nA nB nY
L L L
L H H .
H L H
H H L

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

lcc category: SSI

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

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to +85 | —40to +125 v
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 1 112 15 18 6.0

/ 19 { 75 95 110 zg Fio.6
THL output transition time 7 15 19 22 ns . ig.
TTLH ks 6 |13 16 19 6.0
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Product Specification

Quad 2-Input Exclusive-OR Gate

74HC/HCT86

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

input

unit load
coefficient

nA, nB

1.0

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

SYMBOL

PARAMETER

Tamb (°C)

TEST CONDITIONS

74HCT

+25

—40 to +85

—40t0 +125

min.

typ.

max.

min.

max.

min.

max.

UNIT

Vee
v

WAVEFORMS

tpy(/
tPLH

propagation delay
nA, nB tonY

32

40

48

ns

4.5

Fig. 6

tTHL/
TLH

output transition time

15

19

22

ns

4.5

Fig. 6
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Product Specification

Quad 2Input Exclusive-OR Gate

7AHC/HCT86

AC WAVEFORMS

nA, nB INPUT

nY QUTPUT

7296092

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 Vcc.
HCT: Vi =1.3V;V|=GNDto 3 V.
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HCMOS Products

FEATURES

® Various counting modes
Asynchronous master reset
Output capability: standard
Igc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT93 are high-speed
Si-gate CMOS devices and are pin
compatible with low power Schottky
TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7.

The 74HC/HCT93 are 4-bit binary

ripple counters. The devices consist of
four master-slave flip-flops internally
connected to provide a divide-by-two
section and a divide-by-eight section.

Each section has a separate clock input
(CPg and CP1) to initiate state changes

of the counter on the HIGH-to-LOW clock
transition. State changes of the Qp outputs
do not occur simultaneously because of
internal ripple delays. Therefore, decoded
output signals are subject to decoding
spikes and should not be used for clocks
or strobes.

A gated AND asynchronous master reset
(MR 1 and MRj) is provided which
overrides both clocks and resets (clears)
all flip-flops.

Since the output from the divide-by-two
section is not internally connected to the
succeeding stages, the device may be
operated in various counting modes.

In a 4-bit ripple counter the output Qg
must be connected externally to input
551. The input count pulses are applied

to clock input CPq. Simultaneous frequency
divisions of 2, 4, 8 and 16 are performed at
the Qp, Q1, Q2 and Q3 outputs as shown
in the function table. As a 3-bit ripple
counter the input count pulses are applied
to input CPq.

Simultaneous frequency divisions of 2, 4
and 8 are available at the Q4, Qg 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.

February 12, 1986

7AHC/HCT93
4-Bit Binary Ripple Counter

Product Specification

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tpHL/ propagation delay
tPLH CPg to Qg CL =15pF 12 15 ns
Vec=5V

fmax maximum clock frequency 100 | 77 MHz
C input capacitance 3.5 3.5 pF

power dissipation
) capacitance per package notes 1 and 2 2 22 PF

GND =0 V; Tamp = 25 °Ci t; = t¢ = 6 ns

Notes

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

fo = output frequency in MHz

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

2 (C x Vgi? x fp) = 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

74HC / HCT93N:
74HC /HCT93D:

14-pin plastic DIP; NH1 package
14-pin SO-14; DH1 package

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1 P clock input 2nd, 3rd and 4th section
1 (HIGH-to-LOW, edge-triggered)

2,3 MR1, MRy asynchronous master reset (active HIGH)
4,6,7,13 n.c. not connected
5 Vee positive supply voltage
10 GND ground (0 V)
12,9, 8, 11 Qp to Q3 flip-flop outputs

i clock input 15t section (HIGH-to-LOW,
14 CPo edge-triggered)
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4-Bit Binary Ripple Counter 74HC/HCT93
_P1 ,I U _1_4_] ﬁo . . CTR
MR E E ne. 14—0| CPo 3 | CT=0
MR, 3] 12] Qo
cp
"'C‘E 93 17] 3 - MR Qg Qi Qp Q3 U, o2 |12
vee [5] [10] ano . oIVE (oh2
a 12
ne (6] BEl | A R O AN et 12—
ne. [7] 8] @2 AN
7293820 7293822
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
FUNCTION TABLE
: OUTPUTS
COUNT
ey Q| 01| 02 | Q3
3[R, 0 L L L L
= 1 H L L L
1% 2 L | H L |t
B2 ; 3 H | H | L |L
Qo [0, |a, |ag 4 ll:l t n t
7293823 12 j9 |8 1 g L H H L
7 H H H L
8 L L L H
9 H L L H
Fig. 4 Functional diagram. 10 L H L H
11 H H L H
12 L L H H
13 H L H H
14 L H H H
15 H H H H
al— a a Q
Chg cp —o|cp cp cP
D> o . . .. MODE SELECTION
Rp Rp Rp Rp
RESET INPUTS OUTPUTS
) 2 ? 9 J
& D> MRq | MRz |Qp| Q1 | Q2 | Q3
MRy H H L L L L
V L H count
MR, H L count
Qg Qq Q2 7703824 93 L L count
Fig. 5 Logic diagram.
Note to function table

Output Qg connected to CP1.

H = HIGH voltage level
L = LOW voltage level
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4-Bit Binary Ripple Counter ' - 74HC/HCT93

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,=t;=6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voc | WAVEFORMS
+25 —40 to +85 | —40t0 +125 v
min. | typ. | max. | min. [ max. | min. | max.
L/ | propagation delay 41 |125 155 190 20 |
15 125 31 38 ns 4.5 Fig. 6
PLH CPo to Qp 12 |21 26 32 6.0
. . 49 |135 170 205 0
tPHL/ | Propagation delay 16 |27 34 el IV by Fig. 6
tPLH CP1 10 Qs 13 |23 29 35 6.0
. 61 |185 230 280 2.0 '
tPHL/ | Propagation delay 2 |37 46 56 |ns |45 |Fig.6
tPLH CP110Qp 18 |31 39 a8 6.0
. 80 |245 305 370 20
tPHL/ | propagation delay 29 |49 61 71 |ns |45 |{Fig6
tPLH CP1to Q3 23 |42 52 63 6.0
. 195 20
tPHL Plapagation delay ?g :‘;?5 38 335 ns 45 |Fig.7
nto Qy 14 |26 33 40 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 '
. 50 |8 65 75 20
trem roniova e = 10 |3 13 15 ns |45 |Fig.7
n (Vg 9 |2 1 13 6.0
. 80 |14 100 120 2.0
tw Pyse wiath 16 |5 20 24 ns |45 |Fig.6
0. TPy 14 |4 17 20 6.0
tw master reset pulse width ?g ;4 :1280 ;30 ns ig Fig. 7.
MRn 14 |a 17 20 6.0
maximum clock pulse 6 30 4.8 4.0 2.0 )
fmax frequency 30 |9 24 20 MHz |45 |Fig.6
CPo, CP4 35 | 108 28 24 6.0
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4-Bit Binary Ripple Counter - 74HC/HCT93

DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see chapter “HCMOS family ¢haracteristics”, section *“Family specifications”.

Output capability: standard
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 Algg per input, multiply this value by the unit load coefficient shown in the table below.

‘UNIT LOAD

INPUT | COEFFICIENT

CPp, CPy | 0.60 -
MRp 0.40

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

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 TPp 1o Qg 18 |34 43 51 ns 45 Fig. 6
tpHL/ propagation delay .
tPLA TPy t0 Q1 18 |34 43 51 ns 45 Fig. 6
tpHL/ propagation delay )
tPLH TPy t0Qy - 24 | 46 58 69 ns 45 Fig. 6
tpHL/ propagation delay ' R
LA TP 10 Q3 30 | 58 73 87 ns 45 | Fig.6

‘ propagation delay .
tPHL MR, to Q 17 | 33 41 50 ns 45 Fig. 7
gfch/ output transition time 7 |15 19 22 |ns 45 |Fig.6

removal time .
trem MRy, to CPp, CP 10 |3 13 15 ns 45 | Fig.7
pulse width ' L

tw CPo CPp 16 |7 20 24 ns 45 v Fig. 6
tw m,cls;er reset pulse width 16 |5 20 24 ns 45 Fig. 7

) n . : .

) maximum clock pulse
frmax frequency 30 |70 24 20 MHz 45 Fig. 6

TPy, CP4
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Product Specification

4-Bit Binary Ripple Counter

74HCIHCT93

AC WAVEFORMS

CP, 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

TP, INPUT

Q, ouTPUT

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
(CPy,) removal time.

Note to AC waveforms
(1) HC : Vj=50%; V| =GND to V¢c.
HCT: Viy=1.3V;V|=GND to 3 V.
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HCMOS Products

FEATURES

® Output capability: standard
® | category: flip-flops

GENERAL DESCRIPTION

The 74HC/HCT 107 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 107 are dual negative-
edge triggered JK-type flip-flops
featuring individual J, K; clock (nCP)
and reset (nR) inputs; also complementary
Qand 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.

74HCI HCT107
Dual JK Flip-Flop with Rese’r

Product Specification o
f TYPICAL
SYMBOL | PARAMETER | CONDITIONS - UNIT
i HC | HCT
propagation delay
tpHL/ nCP tonQ 16 16 ns
tPLH nCP to nQ ; CL=15pF 16 18 ns
nR to nQ, nQ Vec=5V 15 19 ns
frnax maximum clock frequency 74 74 MHz
C input capacitance 3.5 3.5 pF
1 con power dissipation ; : . )
] CPD capacitance per fllp-ﬂop notes 1 and 2 30 30 pF

GND = OV Tamb =25 °C;ty =tf=6ns

Notes

1.

2.

CPD is used to determine the dynamic power dissipation (Ppin uW)

PpD=Cpp x Vce? x fi+ 2 (CL x VCG? 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
For HC the condition is V| = GND to V¢
For HCT the condition is V| = GND to Vgc — 1.5 V

ORDERING INFORMATION / PACKAGE OUTLINES

74HC/HCT107N:  14-pin plastic DIP; NH1 package

7AHC/HCT107D:  14-pin SO-14; DH1package

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 10, 20 complement flip-flop outputs
3,5 10, 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

u[r] 9) [14] Vee
13 [2] [13]17

1a[3] [12] 18P
w[ea] 107 [i]2«

2a (5] [10] 2R

26§ BE:
ano [7] E\u

7293193

Fig. 1 Pin configuration.

1
e | 3
= TP o1
4
Tk, o|ros Tk L2
_ 20 5 BN g
12 1P olcp rr
9 2cp iE 2 g 1, 5
K o= —
4 K[ 20 6 9—53>c1
12K R LRI s .
mTzﬁ on] . -2
7293194 13 110 )

7293220.1

Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.

February 12, 1986
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Dual JK Flip-Flop with Reset 74HC/HCT107
1 1J 3 Q 10 3
—&ipo CP FF1
E3 LS ) 3 10 2
13 1R ?R
8 2J J a 2Q 5
~9——2:Po CP FF2
12k 5 20| 6

R
10 | 2R
Fig. 4 Functional diagram.

FUNCTION TABLE

H = HIGH voltage level

toggle

load 0" (reset)
load “1" (set)
hold ““no change”

OPERATING MODE INPUTS OUTPUTS h = HIGH voltage level one set-up time prior
R nCP J K ol @ to the LOW-to-HIGH CP transition
L = LOW voltage level
| = LOW voltage level one set-up time prior
asynchronous reset X X | x| L|H 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

ITIIT
- -
—> -
—— Tz
o Tro|
Q|- To

ol

A
c
c

Q

7293190

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

7-89



Signetics HCMOS Products

Product Specification

Dual JK Flip-Flop with Reset

74HC/HCT107

DC CHARACTERISTICS FOR 74HC

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

Output capability: standard
Icg category: flip-flops

AC CHARACTERISTICS FOR 74HC

GND =0 V;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.
. 52 160 200 240 2.0
tpHL/ propagation delay 19 |32 20 48 ns 45 | Fig.6
tPLH nCPtonQ 15 |27 34 41 6.0
. 52 | 160 200 240 2.0
tPHL/ | propagation delay 19 |32 40 48 |ns |45 |Fig.6
tPLH nCPtonQ 15 |27 34 41 6.0
. 50 | 1565 195 235 2.0
tpHL/ propagation delay 18 |31 39 7 ns 25 | Fig.7
tPLH nR tonQ, nQ 14 |26 33 40 6.0
t / 19 |75 95 110 2.0
tTH L output transition time 7 15 19 22 ns 45 Fig. 6
TLH 6 |13 16 19 6.0
X 80 |22 100 120 2.0
tw clock pulse width 16 |8 20 24 ns 45 Fig. 6
HIGH or LOW 14 |6 17 20 6.0
reset pulse width ?g gz ;80 ;‘2‘0 ns ig Fia. 7
w HIGH or LOW 14 |6 17 20 60 |
removal time 60 —32 75 90 2.0
| R A
set-up time 100 | 28 125 150 2.0
y 1 .
tsu nJ, nK to nCP ?‘7) 80 g? gg ns gg Fig. 6
. 5 0 5 5 2.0
hold time .
th nJ, nK to nCP g 8 g g ns gg Fig. 6
. 6 22 4.8 4.0 2.0
fmax maximum clock pulse 30 |67 24 20 MHz | 45 | Fig.6
frequency 3 |80 28 24 6.0
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Dual JK Flip-Flop with Reset 74HC/HCT107

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

Output capability: standard
lcg 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 Al per input, multiply this value by the unit load coefficient shown in the table below.

R unit load
Input coefficient
nd, nK 0.35

nR_ 0.35

nCP 0.35

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

Tamp (°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 19 |36 45 54 | ns 45 | Fig.6
tpLH nCP to nQ
tpHL/ propagation delay 21 |36 45 54 |ns 45 | Fig.6
tpLH nCP to nQ
tpHL/ propagation delay 22 48 2 s 45 | Fig.7
tPLH nR to nQ, nQ 38 5 ; ¢
tTHL/ output transition time 7 15 19 22 ns 4.5 Fig. 6
TLH
clock pulse width Fi
w HIGH or LOW 16 |8 20 % ns |45 |Fig.6
reset pulse width 4 Fia. 7
tw HIGH or LOW 24 12 30 36 ns .5 ig.
removal time
trem nﬁ to nEP 12 —6 15 18 ns 4.5
set-up time .
tsu nJ, nK to nCP 20 | 8 25 30 ns 45 | Fig.6
hold time :
th nJ, nK to nCP 5 0 5 5 ns 45 | Fig.6
maximum clock pulse .
fmax frequency 30 | 67 24 20 MHz | 45 | Fig.6
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Product Specification

Dual JK Flip-Flop with Reset

74HC/HCT107

AC WAVEFORMS

nJd, nK INPUT

nCP INPUT S

¥ max

vy

—— tyy ———»

reset pulse width.

7293192

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

Note to AC waveforms

7-92

=i PHL - —| 'PLH [ . . =5
Fig. 6 Waveforms showing the clock (nCP) to
o oureuT vt output (nQ, nQ) propagation _delays, the clock
" m pulse width, the J and K to nCP set-up and
hold times, the output transition times and
>l -ty -l letry the maximum clock pulse frequency.
nG@ OUTPUT ' Note to Fig. 6
The shaded areas indicate when the input is
>l ltrin |ty permitted to change for predictable output
72031911 -l tpy e ! teHL == performance.
nR INPUT
nQ OUTPUT
nQ OUTPUT

(1) HC : VM =50%; V) = GND to Vgg.
HCT: Vi =1.3V;V|=GND to3V.
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HCMOS Products

FEATURES

® J, K inputs for easy D-type flip-flop

® Toggle flip-flop or *“do nothing”
mode

o Output capability: standard

® g category: flip-flops

GENERAL DESCRIPTION

The 74HC/HCT109 are high-speed
Si-gate CMOS devices and are pin
compatible with low power Schottky
TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7.

The 74HC/HCT109 are dual positive-
edge triggered, JK flip-flops with
individual J, K 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.

The J and K inputs control the

state changes of the flip-flops as
described in the mode select function
table.

The J and K inputs must be stable one
set-up time prior to the LOW-to-HIGH
clock transition for predictable operation.
The JK design allows operation as a_
D-type flip-flop by tying the J and K
inputs together.

Schmitt-trigger action in the clock input
makes the circuit highly tolerant to
slower clock rise and fall times.

7AHC/HCT109
Dual JK Flip-Flop with Reset

Product Specification

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
propagation delay
tpHL/ nCP tonQ, nQ 15 17 ns
tPLH nSp tonQ, nQ CpL=15pF 11 14 ns
nRp to nQ, nQ Vee=5V 1 14 ns
frmax maximum clock frequency 75 61 MHz
Cy input capacitance 35 3.5 pF
power dissipation
Cpp capacitance per flip-flop notes 1 and 2 20 22 pF

GND=0V;Tymp=25°C;t,=tf=6ns
Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x Vc? x fi+ Z (CL x Vce? 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 (C x Veg? x fp) = sum of outputs
2. For HC the condition is V| = GND to V¢g
For HCT the condition is V| = GND to Vcc — 1.5 V

ORDERING INFORMATION / PACKAGE OUTLINES

7AHC/HCT109N: 16-pin plastic DIP; NJ1 package
74HC/HCT109D:  16-pin SO-16; DJ1 package

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1,15 1Rp. 2Rp asynchronous reset-direct input (active LOW)
2,14,3,13 }% 2;# synchronous inputs; flip-flops 1 and 2

4,12 1CP, 2CP clock input (LOW-to-HIGH, edge-triggered)
5 11 15p, 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

7-93 January 1986
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Dual JK Flip-Flop with Reset o e JAHC IHCTI09

1Rp 1] U [76] Vee ETNN 6
1 2] 5] 2Rp _5l11_ 2 4, —
15, 28, 4
e [14] 20 21 DsD - ;%m
109 41cP
5p[s [12] 2ce zzer |© 7 137 I 10
: < 31K K a 1|
ol [ 7% T L |7 Py 88
1a[7] 10] 20 1EDT2§D BaOx o
GNDE _._9_|26 7293132 1hs LTSN PN >—
7293131 7293133.1
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 |EC logic symbol.
FUNCTION TABLE
5 |15, INPUTS OUTPUTS
2 | Sp wal 6 OPERATING MODE — — — =
4 Q Sp Rp cP J K Q Q
4 lice
cP FF1
3 IR RE: R asynchronous set L H X X X H L
10k
fp © asynchronous reset H L X X X L H
1 iAo undetermined L L X X X H H
=, toggle H H T h | q q
So ] load 0" (reset) H H t | | L H
1l | ol22} 10 load “1"" (set) H H k) h h H L
12 sz orrr2| hold “no change H H t l h q q
B 120k " a2 H = HIGH voltage level
2R el h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition
15 i L = LOW voltage level
P | = 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
1

= LOW-to-HIGH CP transition

— Do

:

7293135

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

7-94



Signetics HCMOS Products Product Specification

Dual JK Flip-Flop with Reset ' . 74HC/HCT109

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

Output capability: standard
Ige category: flip-flops

AC CHARACTERISTICS FOR 74HC
GND =0Vt =t§=6ns; C_=50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vce | WAVEFORMS
+25 —40t0 +85 | —40t0+125 v
min. | typ. | max. | min. | max. | min. | max.
) 50 220 26 2.0
tpHL/ | propagation delay 18 13;5 44 535 ns | 45 | Fig.6
tPLH nCP to nQ, nQ 14 | 30 37 45 6.0
: ) 12 150 180 .0
tPHL propagation delay il P 30 % |ns |45 | Fia7
nSp ton 9 |20 26 31 6.0
. 4 .
sle] o] (2], (26
nsp ton 12 | 26 33 40 6.0
) 41 | 185 230 280 2.0
tPHL Propagation delay 15 | 37 46 56 |ns |45 | Fig.7
pton 12 | 31 39 48 6.0
. 39 | 170 215 255 2.0
tPLH propagation delay 14 | 34 43 51 |ns |45 | Fig.7
nRp tonQ 11 | 29 37 43 6.0
ot/ 19 | 75 95 110 2.0
tTHL 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 6 | 7 20 24 ns |45 | Fig.6
HIGH or LOW 14 6 17 20 6.0
set or reset pulse width ?g (137 ;80 ;‘2‘0 ns ‘21(5) Fia. 7
tw HIGH or LOW 1 |5 P % o0 %
. 70 | 19 90 105 2.0
removal time
trem nSp, nRp to nCP }g g }g f; ns gg
sot-up time 70 | 17 90 105 ‘ 20 |
tsu nJ, nK to nCP ;g g }g %; ns gg Fig. 6
. 5 0 5 5 2.0
th hold time 5 |0 s 5 ns 45 | Fig. 6
nJ, nK to nCP 5 0 5 5 6.0
) 6 | 22 5 4 2.0
fmax maximunm clock pulse 30 | 68 2 20 MHz | 45 | Fig.6
requency 35 | 81 28 24 6.0
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Dual'JK Flip-Flop with Reset ~ 74HC/HCT09

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

Output capability: standard
lcc category: flip-flops
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.

. | unitload
input -, ~ coefficient
nJ, nK 0.35

nRp | 035

nS| 0.35

.nC 0.35

AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=tf=6ns;C|_ =50 pF '

Tamb (°C) TEST CONDITIONS
S 74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
i +25 —40to +85 | —40 to +125 v
min.| typ. | max. | min.| max. | min. | max.
tpHL/ propagation delay .
oL nCPton0,nd 20 |35 44 53 |ns |45 | Fie6
propagation delay .
PHL nSp to nQ 13 | 26 33 39 |ns |45 |Fig7
propagation delay’ .
tpLH - nSp to nQ 19 | 36 ‘ 44 53 ns 4.5 Fig. 7
propagation delay : : . ; .
tPHL nRp to nQ 19 | 35 44 53 | ns |45 | Fig.7
4 propagation delay - 16 | 32 40 48 |ns |45 |Fig.7
PLH nRpto nQ |-
TTHL | output transition time 7 |15 19 2 |ns |45 | Fig.6
tTTLH .
tw vl 18| 9 23 27 ns |45 | Fig.6
tw St o resct P it 1 16 | 8 20 24 ns |45 | Fig.7
removal time : .
trem HS-D, DRD o nCP 16 8 20 24 ns 4.5
set-up ti .
tsy Rt nCP 188 | |23 27 ns | 45 | Fig.6
hold time ; .
th nJ, nK to nCP 3.1 -3 3 3 ns 45 | Fig.6
maximum clock pulse e
fmax frequency 27 | 55 22 18 MHz | 45 | Fig.6
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Dual JK Flip-Flop with Reset 7AHC/HCT109

AC WAVEFORMS

nd, nK INPUT

nQ OUTPUT

nQ OUTPUT

7293136.1

nCP INPUT ] ™

== PHL |~
#VM(H
he L—‘THL

—| 'PLH |~

-l ety

>ty
—! tpHL e

Fig. 6 Waveforms showing the clock (nCP) to
output (nQ, nQ ) propagation delays, the clock
pulse width, the nJ, nK to nCP set-up, the nCP
to nJ, nK hold times, the output transition
times and the maximum clock pulse frequency.

Note to Fig. 6

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

nSp INPUT S

-~ tyy —

nRp INPUT

nQ OUTPUT

VM
TPHL—>|

- == tPHL
nQ OUTPUT i"m

tPLH —

&
}‘_
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 : VM =50%; V

1 =GND to Ve

HCT: V=13V;V|=GNDto3V.
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HCMOS Products

FEATURES

® Asynchronous set and reset
® Output capability: standard
® l¢c category: flip-flops

GENERAL DESCRIPTION

The 74HC/HCT 112 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/HCT112 are dual negative-
edge triggered JK-type flip-flops featuring
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.

February 12, 1986

74HC/HCTH2
Dual JK Flip-Flop Set
and Reset

Product Specification

| TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT

propagation delay

tpHL/ nCP to nQ, nQ 17 19 ns

tPLH nSptonQ, nQ CL=15pF 15 15 | ns

nRptonQ,nQ Vec=5V 18 19 ns

frmax maximum clock frequency 66 70 MHz

Cy input capacitance 3.5 3.5 pF
power dissipation

Crp capacitance per flip-flop notes 1 and 2 27 30 pF

GND=0V; Tamp =25°Ci t; =ty =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 CL output load capacitance in pF
fo = output frequency in MHz Vce = supply voltage in V
Z (CL x Vige? x fo) = sum of outputs
2. For HC the condition is V| = GND to Vc¢
For HCT the condition is V| = GND to Vcc — 1.5V

ORDERING INFORMATION / PACKAGE OUTLINES

74HC/HCT12N: 16-pin plastic DIP; NJ1package
74HC/HCT12D: 16-pin SO-16; DJ1package

PIN DESCRIPTION

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
3,1 1,2 data inputs; flip-flops 1 and 2
4,10 1Sp, 28p 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
7-98 853-070182392
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Dual JK Flip-Flop with Set and Reset 74HC/HCTM2

188 (1] U Elvcc

4
& ay10 ‘53 s | s

1k [2] 5] 1Rp 15p | 25p JRcl P

_ 1
u (3] ] 2Fo RTI e I gl

5 . 2y, Q;Z > 2 ik s

o [4] 13] 118P Bg

112 woler fr

o] 7] o 0 N onf3
L R n 2

15[e] E“ 12 2K Rp 14

<

1}
&
8

2

28 [7] E 25p mDTan
7293650 15114
GND [8] . 20

7293849 7293651

7 |
=
£

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 , : 74HC/HCT12

FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODE  |—— - —
| nSp nRp nCP nd | nK | na [ nQ
4 l1sp
sl |, Sp oltel s asynchronous set L H X X X H L
PRI A170 R asynchronous reset H L X X X L H
2 1K _| 1@l e
K g C undetermined L L X X X H H
5117 toggle H H 4 h h q q
TP load “0" (reset) H H i I h L | H
%o load 1" (set) H H A h | H L
nja 4, o294 hold “no change” H H 4 | 1 q q
13 | 2CP,
‘—;—;o cP FFz_ 2l 5 Note to function table
K Ro e Both outputs will be HIGH while both nSp and nRp are LOW, but the output states
1 1270 are unpredictable if nSp and nRp go HIGH simultaneously.
] HIGH voltage level

7293652 HIGH voltage level one set-up time prior to the HIGH-to-LOW CP transition
LOW voltage level

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

don’t care

HIGH-to-LOW CP transition

LU R | B 1}

Fig. 4 Functional diagram.

% o —r>T

nwon

7293653

Fig. 5 Logic diagram (one flip-flop).
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Dual JK Flip-Flop with Set and Reset 74HC /HCT12

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 |Vce | WAVEFORMS
cc
+25 —40 to +85 | —40t0 +125 \Y
min.| typ. [ max. | min.| max. | min. | max.
. 55 |175 220 265 2.0
tPHL/ propagation delay 20 |35 44 53 |ns 45 |Fig.6
tPLH nCPto nQ 16 |30 37 45 6.0
. 55 [175 220 265 2.0
IPHL/ | propegation delay 20 |35 44 53 |ns |45 |Fig.6
tPLH ntPton 16 |30 37 45 6.0
. 58 | 180 225 270 2.0
tPHL/ | propagation delay 21 |36 45 54 |ns |45 |Fig7
tPLH nRp to n@, n 17 |31 38 46 6.0
. 50 | 155 295 235 20
tPHL/ | propagation delay 18 |31 39 47 |ns |45 |Fig.7
tPLH nSp tonQ, nQ 14 |26 33 40 6.0
et/ 19 |75 95 110 2.0
tTHL output transition time 7 |15 19 22 |ns 45 | Fig.6
TLH 6 (13 16 19 6.0
w clock pulse width e n 5 s |a8 |Figs
HIGH or LOW 14 |6 17 20 6.0
. 80 | 14 100 120 2.0
1 set or reset pulse width 16 5 20 2 ns 45 Fig. 7
w LOW : 9
14 |4 17 20 6.0
romoval time 80 | 22 125 150 20 i
t noval time. 16 |8 25 30 ns 5 | Fig.7
em nRp to nCP 14 |6 21 26 6.0
omoval time 80 | —19 100 120 20
t noval time 16 | -7 20 24 ns 45 | Fig.7
rem nSp to nCP 14 | -6 17 20 6.0
etup time 80 | 19 100 120 2.0
t - = 16 |7 20 24 ns |45 | Fig.6
U nJ, nK to nCP 14 |6 17 20 6.0
hold time 0 |-n 0 0 20
th == 0 -4 0 0 ns 45 Fig. 6
nJ, nK to nCP 0 _3 0 0 6.0
. ook oul 6 |20 48 4.0 2.0
frmax maximum clock pulse 30 |60 24 20 MHz |45 |Fig.6
frequency 35 |71 28 24 6.0
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Dual JK Flip-Flop with Set and Reset ‘ 7AHC/HCT112

DC CHARACTERISTICS FOR 74HCT

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

| 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. ’

UNIT LOAD
INPUT | COEFFICIENT
15p, 25p | 0.5
1€, 2K _ | 06
1Rp, 2Rp| 0.65
14,20 1
1CP, 2CP | 1

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

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 4.5 Fig. 6
tpHL/ propagation delay R
LR nCP to nG 23 |40 50 60 ns 4.5 Fig. 6
tpHL/ propagation delay .
oL nRp to nQ, nQ 22 | 37 46 56 ns 4.5 Fig. 7
tpHL/ propagation delay ]
oL nSp to nQ, nG 18 | 32 40 48 ns 45 Fig. 7
tTHL/ output transition time 7 15 19 22 ns 4.5 Fig. 6
ITLH
clock pulse width .
tw HIGH or LOW 16 |8 20 24 ns 45 Fig. 6
set or reset pulse width .
tw Low 18 |10 23 27 ns 45 Fig. 7
removal time :
trem Rp to nCP 20 |1 25 30 ns 4.5 Fig. 7
removal time .
trem nSp to nCP 20 | -8 25 30 ns 45 Fig. 7
set-up time __ .
tsy nJ. nK to nCP 16 |7 20 24 ns 4.5 Fig. 6
hold time . '
th nJ, nK to nCP 0 -7 0 0 | ns 4.5 Fig. 6
maximum clock pulse .
frmax frequency 27 | 64 22 18 MHz | 45 Fig. 6
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Dual JK Flip-Flop with Set and Reset 7AHC/HCT112

AC WAVEFORMS
nJ, nK INPUT A7
- th - th ]
- tsy—| - tgy —
W max
G INPUT \ vy Fig. 6 Waveforms showing the clock (nCP) to output (nQ,
N nQ) propagation delays, the clock pulse width, the nJ, nK
: to nCP set-up times, the nCP to nJ, nK hold times, the
«— ty —— TR .
tpHL - . - tpLH output transition times and the maximum clock pulse
{___ frequency.
nQ OUTPUT vmt
TTHL > = N e tTLH
Note to Fig. 6
nQ OUTPUT ' The shaded areas indicate when the input is permitted to
change for predictable output performance.
>l tTiH > |l trhH
tPLH > TPHL >
7293654
nCP INPUT SrvM“'
- trem |l
nSp INPUT S vy
e tyy —— ~— ty —
aRp INPUT il
= tPLH TPHL—| -
o ouTPUT v (1) Fig. 7 Waveforms showing the set (nSp) and reset (nRp)
" M input to output (nQ, nQ) propagation delays, the set and
p— reset pulse width and the nRp to nCP removal time.
- <= tPHL tpLH —! -~
nd@ OUTPUT vm'! ?b
7293655

Note to AC waveforms
(1) HC : V) = 50%; V| = GND to Vcc.
HCT: Vjp=13V;V|=GNDto 3V.

7-103



Signetics

7AHC/HCT123
Dual Retriggerable Mono-
stable Multivibrator with Reset

Product Specification
!

HCMOS Products
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 tpuL/ nA, 2?3 V'E; c=5V
® Direct reset terminates output pulse tpLH to nQ, nQ REXT =5 ko 26 26 ns
® Schmitt-trigger action on all inputs nRp tonQ, nO CexT =0pF 20 | 23 ns

except for the reset input - -
® Output capability: standard (except Cy input capacitance 35 | 35 | pF

for nRExT/CEXT) ini
minimum output pulse
® Icc category: MSI W width nQ, nQ 7|78 s
GENERAL DESCRIPTION GND=0V; Tamp=25°C;t,=tf=6ns
ghe 74';%/3;:;1 23 are high-speed ORDERING INFORMATION / PACKAGE OUTLINES
i-gate evices and are pin 5 .
compatible with low power Schottky ;::g / :g;}gg 1&”!" g'gﬁg_ %'; NJIkpackage
TTL (LSTTL). They are specified in / i 16-pin SO-16; DJ1 package
compliance with JEDEC standard no. 7.
The 74HC/HCT 123 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 9h°""’" in Fig. 6. 3,1 1Rp, 2Rp direct reset LOW and trigger action at
Once triggered, the basic output pulse N positive edge
width may be extended by retriggering the 4 = o= .
gated active LOW-going edge input (nA) a 10,20 outputs (acflve Low) . .
or the active HIGH-going edge input (nB). 7 2REXT/CEXT external resistor/capacitor connection
By repeating this process, tha output 8 GND ground (0 V)
pulse period (nQ = HIGH, nQ = LOW) can .
be made as long as desired. Alternatively 13,5 10,20 outputs (actlv? 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 TREXT/CEXT external resistor/capacitor connection
which also inhibits the triggering. 16 Vee positive supply voltage
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 essentiaily
determined by the values of the external
timing components Rgx and CEXT.
For pulse widths, when CgxT < 10 000 pF,
see Fig. 9. |
When CgxT > 10 000 pF, the typical
output pulse width is defined as:
tw = 0.45 x REXT X CEXT (typ.),
where, ty = pulse width in ns;
REXT = external resistor in kQ2;
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.
February 12,1986 7-104 853-0702 82392
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Dual Retriggerable Monostable Multivibrator with Reset 74HC/HCT123

-1—4—)(— cX l
U 15 e drxsex 13
1A 1 16] Vv
] [16] Voo Cext 14 YN
18[2] [15] 1Rexr/Cext 2Cext 6 2
= 1A TRexT/CexT 15 >4
1R [3] 4] 1Cexr 2R [FRextlCexr 7 BN
123 Q
5 20 5
20[s 12] 20
[.: 2] B 8 ex L
2Cex 6 | [11] 2Rp 2 4 25 Rx/cx -
Rp 23 12 s~
2Rexr/Cexr [7] [10] 28 10
ano [&] E 2A 1" 2Rp 7293286 ——[; IS 12
n
7293285 R
7293287
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 |EC logic symbol.

FUNCTION TABLE
1/::5)(T e INPUTS OUTPUTS
TRexT/CexT [ 18 " ~ a
— nRp nA nB nQ nQ
N 10] 13
1 ha a L X X L H
] T X H X L H
2 e T3] e X X L L H
7o H L 1 |
L ¥ H ' H oo | o
2Cext| 6
i ~ t L H JL -
2RexT/CexT] 7.
_ s 20 s
9 |2A @ H = HIGH voltage level
1028 T e L = LOW voltage level
. X = don't care
s 3 * = LOW-to-HIGH transition
1nico | 4 = HIGH-to-LOW transition
_I'_= one HIGH level output pulse
7293208 “LI™ = one LOW level output pulse
Fig. 4 Functional diagram.
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Product Specification

Dual Retriggerable Monostable Multivibrator with Reset 74HC/HCT123

Rext/Cext
Vee | Cext!"

1z
Eiy

&

rIH..J{I_

i
9

7293289
GND
(1) 1t is recommended to ground pins 6 (2CgxT)
and 14 (1CgxT) externally to pin 8 (GND).
Fig. 5 Logic diagram.

7293290 Vee
i o
RExT
T Cexrt
tonCexr to nRgxT/CexT
{pin 14 or 6) (pin150r7)

Fig. 6 Timing component connections.
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Dual Retriggerable Monostable Multivibrator with Reset 74HC/HCT123

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

Output capability: standard (except for nREXT/CEXT)
Icc category: MSI

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

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS/NOTES
+25 —40to+85| —40to+125 v
min.| typ. | max. | min. { max. | min. | max.
: 83 | 255 320 385 2.0 | CexT=0pF;
tpy | Progasetion dlay o 30 |51 64 77 |ns |45 | RExT=5k2
D.NA 24 |43 54 65 6.0
. 83 | 255 320 385 2.0 | CgxT=0pF;
propagation delay
tPLH N 30 |51 64 77 ns 45 | REXT=5kQ
nRp, nA, nB to nQ 2 | a3 54 65 6.0
. 66 | 215 270 325 2.0 | Cext=0pF;
tPHL Propagation delay 24 |43 54 66 |ns | 45 | RExT=5ke
D 19 | 37 46 55 6.0
. 66 | 215 270 325 2.0 CexT =0pF;
tPLH Propagation delay 24 |43 54 6 |ns |45 | RExT=5kS
D 19 |37 46 55 6.0
t / 19 |75 95 110 2.0
tTHL output transition time 7 15 19 22 ns 4.5
TLH 6 (13 16 19 6.0
. X 100 | 19 125 150 2.0
tw trigger puse width 20 |7 25 30 ns | 45 | Fig.7
17 6 21 26 6.0
. . 100 | 19 125 150 2.0
W trigger ,ﬁfg; width 20 |7 25 30 ns 45 | Fig.7
17 6 21 26 6.0
. 100 | 19 125 150 20
W reset p‘_"sl_eo"‘j",d‘h 20 |7 25 30 ns | 45 | Fig.8
"RD = 17 | 6 21 26 6.0
output pulse width CeExT = 100 nF;
tw nQ = HIGH 450 - - ps 5.0 | RgxT=10k;
nQ = LOW Figs 7and 8
output pulse width CexT =0pF;
tw nQ = HIGH 75 - - ns 5.0 | REXT=5k%;
nQ = LOW note 1; Figs 7 and 8
; . CexT =0pF;
t T time 44 - - ns 5.0 | RExT =5k
’ note 2; Fig. 8
_ 10 1000| _ _ 20 | g
REXT external timing resistor 2 100 k& 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 74HC/HCT123

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 Al per input, multiply this value by the unit load coefficient shown in the table below.

. unit load

input coefficient |/
nA, nB 0.35

nRp 0.35
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Dual Retriggerable Monostable Multivibrator with Reset 74HC/HCT123
AC CHARACTERISTICS FOR 74HCT
GND =0Vt  =tf=6ns;C =50 pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS/NOTES
+25 —401t0+85 | —40to+125 Y
min.| typ. | max.| min.| max. | min. | max.
; CexT = 00pF;
propagation delay -
PHL nRp, nA, nB tonQ 30 |5 64 77 ns 45 REXT =5 k&2
. CexT =0pF;
propagation delay 4 77 4 ) -
PLH nRp, nA, nB to nQ 30 | &1 6 n 5 | RExT=5kQ
. CexT=0pF;
propagation delay -
tPHL "ﬁD 0 nQ 27 | 46 58 69 ns 4.5 REXT=5kQ
. CexT=0pF;
propagation delay -
tPLH nRp to nQ 27 | 46 58 69 ns 4.5 REXT =5 kQ
tTHL/ output transition time 7 15 19 22 | ns 4.5
TTLH
W trigger pulse width 2 (7 25 30 ns 45 | Fig.7
tw trigger puise width 20 |7 25 30 ns |45 | Fig.7
reset pulse width .
tw nRp = LOW 20 |8 25 30 ns 4.5 Fig. 8
output pulse width CexT = 100 nF;
tw nQ = HIGH 450 - - us 5.0 REXT = 10 kQ2;
nQ =LOW Figs 7 and 8
output pulse width CexT=0pF;
tw nQ = HIGH 75 - = ns 5.0 | REXT=5kQ;
nQ = LOW note 1; Figs 7 and 8
igger ti CexTt =0pF;
trt retrigger time 40 - - ns 50 | RExT=5kQ;
nA, nB CEi
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;note3
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- Product Specification

Dual Retriggerable Monostable Multivibrator with Reset -

. 74HC/HCT123

Notes to AC characteristics

1. For other RExT and CExT combinations see Fig. 9.
If CExT > 10 nF, the next formula is valid:

tw = K x REXT X CexT (typ.)

where, ty = output pulse width in ns;
* REXT = external resistor in kQ; CgxT = external capacitor in pF;
K = constant = 0.45 for Vg = 5.0 V-and 0.48 for Ve = 2.0 V.

The inherent test jig and pin capacitance at pins 15 and 7 (nRgxT/CgXT) 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 }nulses meets the minimum retrigger time.
If CExT > 10 nF, the next formula (at Vg = 5.0 V) for the set-up time of a retrigger pulse is valid:
try =35+ (0.11 x CgxT) + (0.04 x REXT x CEXT) (typ.)

where, tyy = retrigger time in ns;
CEXT = external capacitor in pF;
REXT = external resistor in kQ.

The inherent test jig and pin dapacitance at pins 15 and 7 (nRgxT/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 r
- nB INPUT
|ty e _.{ I—i
nA INPUT nRp INPUT
[ trt > e -]ty |
—=n
T nQ OUTPUT 1
nQ OUTPUT | — H
— F=——1 S — ey —]
w . W 7293292
- lyy —> 7293291
Fig. 7 Output pulse control using retrigger pulse; nRp = HIGH. Fig. 8 Output pulse control using reset input nﬁD; nA = LOW.
108 _ 7293293
tw ——++
(ns) Rext =
108 100k
as
Sokﬂ/ 7
104 , o
Y A
109 ¥ 1 10k
2k
I A
102 =
Fig. 9 Typical output pulse width as a function of the external
10 ito =5, = °C.
: " e e o capacitor values at Vo = 5.0 V and Tamp =25 °C
' Cexr (pF)
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HCMOS Products

FEATURES

® Output capability: bus driver
® Icc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT 125 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 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.

February 12, 1986

7AHC/HCT125
Quad Buffer/Line Driver

Product Specification

TYPICAL

SYMBOL PARAMETER CONDITIONS UNIT

HC HCT
tpHL/ propagation delay Cp =15pF 9 12 ns
tPLH nA to nY Vee=5V
C input capacitance 3.5 3.5 pF

power dissipation

cpD capacitance per buffer notes 1 and 2 22 24 pF

GND=0V;Tymp=25°C;t;=tf=6ns

Notes

1.

ORDERING INFORMATION / PACKAGE OUTLINES

7AHC / HCT125N:
74HC / HCT125D:

Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x VcC? 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 Ve = supply voltage in V
2 (Cp x Voe? x fo) = sum of outputs
. For HC the condition is V| = GND to V¢C
For HCT the condition is V| = GND to Vgc — 1.5 V

14-pin plastic DIP; NH1package
14-pin SO-14; DH1 package

PIN DESCRIPTION

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
7-11 853-0703 82392
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Product Specification

Quad Buffer/Line Driver

74HC/HCT125

108 [1] U [14] Vee
1 [Z] 13] a0E
1v[3] Eu
wE[a] 125 [m]av
2a[5] 10] 30E
2v [6] 9]3a
6ND 7] 8] 3y

7293370

Fig. 1 Pin configuration.

2 1A v 3
1 |1GE 4

2A 2v] 6
4|20
9 |3a vl 8
10 [30E 4
J2 A avinu
13 |40E

Fig. 2 Logic symbol.

EN

Al AdAd A

7293371

Fig. 3 IEC logic symbol.

1A I\ 1yl 3
1064

2A 2v| 6
20E

o
o

4%

N,_3Y] 8
<
30E__4

aA av| 1
12 | AN
13 |40E

7293372

3A

B o

)

Fig. 4 Functional diagram.

oo oo fyos
(]
nBE _DO_DO_DO_J 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 OFF-state
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Quad Buffer/Line Driver 74HC/HCT25

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 | Vcc | WAVEFORMS
+25 —40to+85 | —40to+125 Y]
min. | typ. | max. | min. | max. | min. | max.

tpHL/ ropagation dela 30 1100 125 150 2.0

PHL D ey Y 11 |20 25 30 ns |45 | Fig.6
PLH nAton 9 |17 21 26 6.0

B

" 41 125 155 190 2.0

tpzH/ 3-stac;_£E outp$t enable time 15 |25 31 38 ns 45 Fig. 7
tPZL nOEton 12 |21 26 32 6.0
. . 41 125 155 190 2.0

tpHz/ 3-steg% (:utp:]{t disable time 15 |25 31 28 ns 45 Fig. 7
PLz nOEton 12 |21 26 32 6.0
T / 14 |60 75 90 2.0

THL 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 74HC/HCT125

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section “Family specifications’’.
Output capability: bus driver

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 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 =0Vt =ty =6 ns; C_= 50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voc | WAVEFORMS
+25 —40t0+85 | —40to +125 Vv
min. | typ. | max. | min. max. | min. | max.
tpHL/ propagation delay . Fi
LA nA to nY 15 |26 33 39 ns 4.5 ig. 6
tpzH/ 3-state output enable time 4 .
tpaL. nOE to nY 15 |28 35 42 ns 5 Fig. 7
tpHz/ 3-state output disable time 45 | Fig.7
tpLZ nOE to nY 15 |25 31 38 ns ig
tTHL/ output transition time 5 12 15 18 ns 45 Fig. 6
TLH
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Product Specification

Quad Buffer/Line Driver

7AHC/HCT125

AC WAVEFORMS

nA INPUT

nY QUTPUT

7293373

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

OUTPUT
LOW-to-OFF
OFF-to-LOW

OuUTPUT
HIGH-to-OFF
OFF-to-HIGH

outputs ! outputs

7203374 enabled disabled " enabled

Fig. 7 Waveforms showing the 3-state enable
and disable times,

Note to AC waveforms
(1) HC : Vy=50%; V| = GND to Vcc.
HCT: VM =13V;V|=GNDto3V.
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Signetics 7AHC/HCT126
| Quad Buffer/Line Driver

Product Specification

HCMOS Products
FEATURES

. . TYPICAL
® OQutput capability: bus driver SYMBOL PARAMETER CONDITIONS UNIT
® |cc category: MSI HC HCT
GENERAL DESCRIPTION tpHL/ propagation delay CL=15pF 9 11 | ns
The 74HC/HCT126 are high-speed tPLH nAtonY Vee=5V
Si-gate CMOS devices and are pin . .
compatible with low power Schottky Ci input capacitance 35 35 pF
TTL (LSTTL). They are specified in P
compliance with JEDEC standard no. 7. Cpp po:::az;::f:ens:r buffer notes 1 and 2 23 24 pF
The HC/HCT 126 are four non-
inverting buffer/line drivers with 3-state GND=0V;Tamb=25°C;t,=tr=6ns
outputs. The 3-state outputs (nY) are
controlled by the output enable input Notes

(nOE). A LOW at nOE causes the

outputs to assume a HIGH impedance 1. Cpp is used to determine the dynamic power dissipation (Pp in uW):

OFF-state. PD=CpDxVcc® xfi+Z (CL x Vee? x fo) where:
The “126" is identical to the “125" but fi = input frequency in MHz CL = output load capacitance in pF
has active HIGH enable inputs. fo = output frequency in MHz Ve = supply voltage in V

2 (CL 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 Vgcc — 1.5V

ORDERING INFORMATION /PACKAGE OUTLINES
74HC /HCT126N: 14-pin plastic DIP; NH1 package
74HC/HCT126D: 14-pin SO-14; DH1package

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,4,10,13 10E to 40E output enable inputs (active HIGH)
2,59, 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
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Signetics HCMOS Products

Product Specification

Quad Buffer/Line Driver

7AHC/HCT126

106 [1} U 4] Voo
[z} 13] 40E
IME [12] aa
20e[a] 126 [1]ay
2[5 10] 30€
2v 6] 9]3A
GND [7 ] M

7293375

Fig. 1 Pin configuration.

Z__IA 1Y__§
1|10
5 [2a N 2y 6
4_|20€
9 [3a 3v| 8
10 |30E
12 fan avj 1
13 |40€

Fig. 2 Logic symbol.

2| >
3
1 v
— EN
5|
| e
4|
9]
| 8
10
12
1
13

7293377

Fig. 3 IEC logic symbol.

2 1A vl 3
1 Jioe
s J2a N 2v| 6
4|20
9 |3a 3v| 8
10_|30E
12 Jaa avlun
13_JaoE

Fig. 4 Functional diagram.

nA

—Do—-Do——-Do—Do— ny
nOE -—Do——Do—Do——! 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 OF F-state
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Signetics HCMOS Products - Product Specification

Quad Buffer/Line Driver 74HC HCT126

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, =tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
_ 74HC

SYMBOL | PARAMETER UNIT | Vo | WAVEFORMS

' +25 —40t0+85 | —40to+125 v

min, | typ. | max. | min.| max. | min. | max.
1 / ropagation dela 30 \100 125 150 2.0
{PHL R s 11 |20 25 30 |ns 45 | Fig.6
PLH nAton 9 |17 21 | 2 6.0
' ) 41 | 125 155 190 2.0

tpzn/ | 3state output enable time 15 |25 31 38 |ns |45 |Fig.7
PZL noeton 12 |21 26 32 6.0
tpHz/ 3-state output disable time ‘1‘; ;gs :1;?5 ;go ig Fig. 7
1 nOE to nY ns : '9-
PLZ 12 |21 26 32 6.0
rar / 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
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Signetics HCMOS Products

Product Specification
Quad Buffer/Line Driver 74HC/HCT126
DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see chapter "HCMOS family characteristics”, section ’Family specifications”.
Output capability: bus driver
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 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 =0 V;t, = t;= 6 ns; C(_= 50 pF
Tamb (°C) ' TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40to+85 | —40t0 +125 v
min. | typ.| max. | min. | max. | min. | max.
tPHL/ | propagation delay 14 |24 30 36 | ns 45 | Fig.6
tPLH nA tonY
tpzH/ 3-state output enable time 13 | 25 31 38 ns 45 | Fig.7
tpzL nOE to nY
tpHzZ/ 3-state output disable time 18 | 28 35 42 ns 45 | Fig.7
tpLZ nOE to nY
TTHL/ output transition time 5 12 15 18 ns 45 Fig. 6
TLH
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Signetics HCMOS Products

Product Specification

Quad Buffer/Line Driver

74HC/HCT126

AC WAVEFORMS

nA INPUT

nY OUTPUT

7293378

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

nOE
INPUT

OUuTPUT
LOW-to-OFF
OFF-to-LOW

OUTPUT
HIGH-to-OFF
OFF-to-HIGH

VM(U

outputs outputs | outputs
7293379 enabled disabled enabled
Fig. 7 Waveforms showing the 3-state enable
and disable times.

Note to AC waveforms
(1) HC : Vjy =50%; V| =GND to V.
HCT: V)y=13V;V;=GNDto3V.
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Signetics 7AHC/HCT132
Quad 2-iInput NAND Schmitt
Trigger

Product Specification
HCMOS Products
FEATURES TYPICAL
® OQutput capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® |cc category: SSI HC HCT
tpHL/ propagation delay CL=15pF
GENERAL DESCRIPTION thLH nA, nB to nY 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 c power dissipation

compliance with JEDEC standard no. 7. PD capacitance per gate

The 74HC/HCT 132 contain four GND =0 V; Tamp =25 °C; ty = tf = 6 ns
2-input NAND gates which accept
standard input signals. They are capable

notes 1 and 2 24 20 pF

of transforming slowly changing input Notes
srgnalstlr!to s|harply defined, jitter-free 1. CpD is used to determine the dynamic power dissipation (Pp in uW):
out, X
Tl:\ pu tmgna. sh diff int PD=Cpp x V¢C? x fi+ Z (CL x VCC? x fo) where:
© gate switches at ditferent points fi = input frequency in MHz [ = output load capacitance in pF
for positive and negative-going signals L p P [
) fo = output frequency in MHz Ve = supply voltage in V

The difference between the positive

voltage V14 and the negative voltage Z (CL x Vc? x fo) = sum of outputs
VT_ is defined as the hysteresis 2. For HC the condition is V| = GND to VcC
voltage V. For HCT the condition is V| = GND to Vcc — 1.5 V

ORDERING INFORMATION / PACKAGE OUTLINES

74HC/HCT132N: 14-pin plastic DIP; NH1 package
74HC/HCT132D: 14-pin SO-14; DH1 package

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
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Signetics HCMOS Products

Product Specification

Quad 2-input NAND Schmitt Trigger

74HC/HCT132

IAE U 14] Voo
182 13] 48
1y [3] 12] 4A

a4 132 [i]av
285 mE]
2v 6] 9]3a
ano 7] 8] 3y

7293333

Fig. 1 Pin configuration..

L 1A
D
18 ©
27|
TN .
o6
s 20T
3A
s =T
Do
10 28 o

7293334

Fig. 2 Logic symbol.

- &
3

2|
4| &

N 6
5 |
9 &

N8
10
12 &

EH
13

7293335

Fig. 3 |EC logic symbol.

(7]
. Das
1

7]
]
el
10138 |
-
E‘“‘
2l 7]

©

'm

|a

[ e
2| o

o

B
2 s

[ e
ol

7293336

Fig. 4 Functional diagram.

7293337

Fig. 5 Logic diagram
(one Schmitt trigger).

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 voltage level
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APPLICATIONS

® Wave and pulse shapers
® Astable multivibrators
® Monostable multivibrators




Signetics HCMOS Products Product Specification

Quad 2-Input NAND Schmitt Trigger 74HC/HCT432

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter *“HCMOS family characteristics’, section “Family specifications'’. Transfer character-
istics are given below.

Output capability: standard
lcc 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
Vs positive-going threshold 1.7 315| 1.7 | 315 | 1.7 | 3.16 |V 4.5 Figs 6 and 7
2.1 4.2 2.1 | 4.2 21 4.2 6.0
0.3 1.0 | 03 |10 {03 1.0 20
V- negative-going threshold 0.9 2.2 09 | 2.2 0.9 2.2 v 4.5 Figs 6 and 7
1.2 30 | 12|30 |12 |30 6.0
0.2 1.0 | 02 |1.0 |02 1.0 2.0
VH hysteresis (V14 — V1) 0.4 14 |04 |14 (04 [ 14 |V 45 | Figs6and 7
0.6 1.6 06 | 1.6 0.6 1.6 6.0
AC CHARACTERISTICS FOR 74HC
GND=0V;t, =tf=6ns;C|_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40t0 +85 | —40t0+125 V)
min.| typ.| max.| min.| max. | min. | max.
tpHL/ propagation delay 36 | 125 155 190 2.0 .
13 | 25 31 38 ns 45 | Fig. 8
tPLH nA, nB to n¥ 10 |21 2 32 6.0
¢ / 19 | 75 95 110 2.0
tTH'- output transition time 7 15 19 22 ns 45 | Fig. 8
TLH 6 |13 16 19 6.0
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Signetics HCMOS Products Product Specification

Quad 2-Input NAND Schmitt Trigger 74HC/HCT132

DC CHARACTERISTICS FOR 74HCT

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

Output capability: standard

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 Alcg per input, multiply this value by the unit load coefficient shown in the table below.

; unit load

t
fnpu 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 | Vgc | WAVEFORMS
+25 —40to +85 | —40to+125 v
min.| typ.| max.| min.| max. | min. | max.
VTt positive-going threshold }i ;? :i ;? :3 ;? \ gg Figs 6 and 7
VT negative-going threshold 82 :i gg :i gg :3 Vv gg Figs 6 and 7
VH hysteresis (VT4 — V1) 8: - g: _ 83 - \' gg Figs 6 and 7
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 v

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

tpHL/ propagation delay .
tpLH nA, nB to nY 20 | 33 41 50 ns 4.5 Fig. 8
tTHL/ output transition time 7 15 19 22 ns 4.5 Fig. 8

BLH
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Signetics HCMOS Products Product Specification
Quad 2-Input NAND Schmitt Trigger 74HC/HCT132
TRANSFER CHARACTERISTIC WAVEFORMS
Vo v VTs th
Vr_ N

| VH e Vi

VT- V1r 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 it

nY OUTPUT

7293633

Fig. 8 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 Vcc.
HCT: Vi =1.3V;V|=GND to 3V.
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Signetics

HCMOS Products

FEATURES

® Combines 3-0f-8 decoder with 3-bit
latch

® Multiple input enable for easy
expansion or independent controls

® Active LOW mutually exclusive
outputs

® Output capability: standard

° 'CC category: MSI

GENERAL DESCRIPTION

The 74HC/HCT137 are high-speed
Si-gate CMOS devices and are pin
compatible with low power Schottky
TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7.

. The 74HC/HCT 137 are 3-0f-8

" decoder/demultiplexers with latches at
the three address inputs (Ap). The “137"
essentially combines the 3-0f-8 decoder
function with a 3-bit storage latch.

When the latch is enabled (LE = LOW),
the 137" acts as a 3-of-8 active LOW
decoder. When the latch enable (LE)

goes from LOW-to-HIGH, the last data
present at the inputs, before this transition,
is stored in the latches. Further address
changes are ignored as long as LE remains
HIGH.

The output enable input (Eq and Ep)
controls the state of the outputs
independent of the address inputs or
latch operation. All outputs are HIGH
unless E is LOW and E2 is HIGH.

The *137" is ideally suited for
implementing non-overlapping decoders
in 3-state systems and strobed (stored
address) applications in bus oriented
systems.

AOE U 16| Vee
Aq IZ [15] Vo
Az[3] [14] ¥4
Efa Y
_ N [ E_z
& [5] [12] V5
Ey E E A
v, [7] [10] V5
GND E 9]V
Fig. 1 Pin configuration.

January 1986

JAHC/HCT137
3-t0-8 Line Decoder/
Demultiplexer

with Address Latches

Objective Specification

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tpHL/ propagation delay Cp=15pF 17 19 ns
tPLH Apto Yy Vec=5V
C input capacitance 3.5 35 pF
GND=0V;Tamp=25°C;ty=tf=6ns
ORDERING INFORMATION / PACKAGE OUTLINES
74HC/HCT137N:  16-pin plastic DIP; NJ1package
74HC/HCT137D: 16-pin SO-16; DJ1 package
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,2,3 Ag to Ap data inputs
4 LE latch enable input (active LOW)
5 = data enable input (active LOW)
6 Eo data enable input (active HIGH)
8 GND ground (0 V)
}?' }g' ;’3’712’ Yo to Yy multiplexer outputs
16 Vee positive supply voltage
FUNCTION TABLE
INPUTS OUTPUTS
CE|Ej| E2| Ag| A | A2 | Yo | Y1 I Yo I Y3 | Y4 r'Y_51 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
L L H L H L H H L H H H H | H
L L H H H L H H H L H H H H
L L H L L H H H H H L H H | H
L L H H L H H H H H H L H [H
L L H L H H H H H H H H L H
L L H H H H H H H H H H H L

H = HIGH voltage level
L = LOW voltage level

X =don’t care
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Signetics

HCMOS Products

FEATURES

® Demultiplexing capability

® Multiple input enable for easy
expansion

® |deal for memory chip select
decoding

® Active LOW mutually exclusive
outputs

® Output capability: standard

® |pc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT 138 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 138 decoders accept
three binary weighted address inputs
(AQ, A1, A2) and when enabled, provide
8 mutually exclusive active LOW outputs
(Yo to Y7).

The ““138"’ features three enable inputs:
two active LOW (E¢ and Ej) and one
active HIGH (E3). Every output will be
HIGH unless Eq and E are LOW and
Ezis HIGH.

This multiple enable function allows

easy parallel expansion of the 138" to
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
LOW enable inputs as the data input and
the remaining enable inputs as strobes.
Unused enable inputs must be
permanently tied to their appropriate
active HIGH or LOW state.

The 138" is identical to the ""238"
but has non-inverting (true) outputs.

February 12, 1986

74HC/HCT138
3-to-8 Line Decoder/
Demultiplexer

Product Specification
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT

tpHL/ .| propagation delay
tPLH Apto Yy CL=15pF 12 17 ns
tpHL/ E3zto Y, Vee=5V
LA Ep to Vp, 14 17 ns
Cy input capacitance 3.5 3.5 pF

power dissipation
CrD capacitance per package notes 1 and 2 67 67 pF

GND =0 V; Tamp = 25 °C; ty = tf= 6 ns

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Pp =Cpp x V¢C? x i+ Z (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
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 Vg — 1.5V

o

ORDERING INFORMATION / PACKAGE OUTLINES

74HC /HCT138N: 16-pin plastic DIP; NJ1 package
74HC/HCT138D: 16-pin SO-16; DJ1 package

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,23 Ag to Ag address inputs
4,5 E1, E2 enable inputs (active LOW)
6 Ez enable input (active HIGH)
8 GND ground (0 V)
15,14,13,12, | & N .
11.10,9.7 Yo to Yy outputs (active LOW)
16 Vee positive supply voltage
7-127 853-0707 82390



Signetics HCMOS Products Product Specification
3-to-8 Line Decoder/Demultiplexer 74HC/HCT438
Ao 1] U 18] Vee
M 5] %o Ao Yolo—15 1odgy PX g8
A v Ay Yijo—1a 2 Gg— N
2[3] [12] ¥4 Ay Yylo—13 3 218
£ [4] R [ Y2 Y3 lo—12 a2
£ [5] 12] V3 ~ Yalo— 11 . >__:_(_1’
_ Ey Y5jo— 10 AN 5pN10
€ [e] 1] ¥4 %@ Y6 fo—o I g o2
Y7 LT_ E ¥s Ez Yylo—7 s | 7
GND E :9] 5 7293228 7293229.1
7293227 .
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
FUNCTION TABLE
- || o6 INPUTS OUTPUTS
| | Yij1a — T [ IS SO IS N R R B
1 140 - - o213 Ey | E2| E3| Ag| A7|A2| Yo| Y1| Y2| Y3|Y4| V5| Ve Y7
o o R e O o T 5 A x I x [ x [x Ix|nlnlulnuin|nls
olag | T ™ 050 X|{H|IX[X|X|X|H|H|H|H|H|H|H]|H
7 - v X|X!L|X|X|[X|H|H|H|H|H |H [H|H
- - o1y 2 ciefwle e fefje{H|H |H|HIH |H|H
4B L{L|H!/H|L|LIH|L |{H|H{H|H |HIH
s |E2 J L{L{H|L|H|L{H|HI|L |HIHIH|HIH
s |E LyL|H|/H|H|L|H|H|H|L |[H}H |HI|H
7293230 Li{L|H|L|L{H|H|H|H|H|L |H|H]H
Fig. 4 Functional diagram. LiL|/H|H|L{H|H|H|H|H |HIL H H
L{L/H|{L|{H|H|H{HIH|H |HIH L IH
L{L|H|H|H|H|H|H|H|H |H|H|H]|L

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

Yg Y5 Ya Y3 Yo Yy Yo
7293231

Fig. 5 Logic diagram.
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Signetics HCMOS Products Product Specification

3-to-8 Line Decoder/Demultiplexer 74HC/HCT138

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=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —4010+85 | —40t0+125 Vv
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 Yn 12 | 26 33 38 6.0
. 47 | 150 190 225 20
:g["'_-l/ p%":gaé'm delay 17 | 30 38 45 | ns 45 | Fig.6
n 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 3 38 6.0
- 19|75 95 110 2.0
tTHL output transition time 7 15 19 22 ns 4.5 Figs6and 7
TLH 6 |13 16 19 6.0
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Signetics HCMOS Products } Product Specification

3-0-8 Line Decoder/Demultiplexer 74HC/HCT438

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 Alcg per input, multiply this value by the unit load coefficient shown in the table below.

. unit load
input coefficient
An 0.70

En 0.40

E3 1.50

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

Tamp (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 ~40t0+85 | —40to+125 v
min, | typ. | max.| min.|{ max. | min. | max.
tpHL/ propagation delay .
tpLH A to Vn 20 | 35 44 53 ns 4.5 Fig. 6
tpHL/ propagation delay .
tpLH Ezto A 18 | 40 50 60 ns 45 Fig. 6
tpL/ propagation delay .
tPt'H Er 0¥y 22 | 40 50 60 |ns 45 | Fig.7
g:ji:/ output transition time 7 15 19 22 ns 4.5 Figs 6 and 7
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Signetics HCMOS Products

Product Specification

3-to-8 Line Decoder/Demultiplexer

74HC/HCT138

AC WAVEFORMS

Ap, E3 INPUT

¥, OuTPUT

7293232 TTHL—>] |- >l ety y

Fig. 6 Waveforms showing the address input (Ap)
and enable input (E3) to output (Y,,) propagation
delays and the output transition times.

Ey, By INPUT

¥, OUTPUT

7293233

Fig. 7 Waveforms showing the enabie input (En)
to output (Yy,) propagation delays and the outpu

transition times. :

Note to AC waveforms
(1) HC : V= 50%; V| =GND to Vg
HCT: Vpy=13V;V;=GND to 3V.
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HCMOS Products

FEATURES

o Demultiplexing capability

® Two independent 2-to-4 decoders

o Multifunction capability

® Active LOW mutually exclusive
outputs

® Output capability: standard

® Icc category: MSI

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 (nYq 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.

APPLICATIONS

® Memory decoding or data-routing
® Code conversion

February 12, 1986

7AHC/HCT139

Dual 2-to-4 Line Decoder/

Product Specification
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
propagation delay _
tPHL/ nAp tonYy SL _1%2; " 13 ns
PLH nE tonY, cc= 0 | 13 | ns
Cy input capacitance 3.5 3.5 pF
power dissipation
Cprp capacitance per multiplexer notes 1 and 2 42 44 pF

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 Vcc? x fi+Z (CL x Vee? x fo) where:

fi =
fo =

input frequency in MHz
output frequency in MHz

2 (CL x Vei? x fg) = sum of outputs
2. For HC the condition is V| = GND to VcC

CL
vee

0o

output load capacitance in pF
supply voltage in V

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

ORDERING INFORMATION /PACKAGE OUTLINES

74HC / HCT139N:
74HC / HCT139D:

16-pin plastic DIP; NJ1package
16-pin SO-16; DJ1 package

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,15 1E, 2E enable inputs (active LOW)
2,3 1A0, 1A address inputs
4,5,6,7 1Ypto 1Y3 outputs (active LOW)
8 GND ground (0 V)
12, 11,10, 9 2Yg to 2Y3 outputs (active LOW)
14,13 2A0, 2A1 address inputs
16 Vee positive supply voltage
7-132 853-0117 82390
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