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DATA HANDBOOK SYSTEM

Our Data Handbook System is a comprehensive source of information on electronic components, sub-
assemblies and materials; it is made up of four series of handbooks each comprising several parts.

ELECTRON TUBES BLUE
SEMICONDUCTORS RED
INTEGRATED CIRCUITS PURPLE
COMPONENTS AND MATERIALS GREEN

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

Where ratings or specifications differ from those published in the preceding edition they are pointed
out by arrows. Where application information is given it is advisory and does not form part of the
product specification.

If you need confirmation that the published data about any of our products are the latest available,
please contact our representative. He is at your service and will be.glad to answer your inquiries.

This information is furnished for guidance, and with no guarantee as to its accuracy or completeness; its publication conveys no licence
under any patent or other right, nor does the publisher assume liability for any consequence of its use; specifications and availability of
goods mentioned in it are subject to change without notice; it is not to be reproduced in any way, in whole or in part without the
written consent of the publisher. A
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ELECTRON TUBES (BLUE SERIES)

The blue series of data handbooks is comprised of the following parts:

T

T2

T3

ET3

T4

T5

T6

T8

T9

T10

T11

Tubes for r.f. heating

Transmitting tubes for communications

Klystrons, travelling-wave tubes, microwave diodes

Special Quality tubes, miscellaneous devices (will not be reprinted)
Magnetrons

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

Geiger-Muller tubes

Gas-filled tubes
Segment indicator tubes, indicator tubes, dry reed contact units, thyratrons, industrial
rectifying tubes, ignitrons, high-voltage rectifying tubes, associated accessories

Picture tubes and components

Colour TV picture tubes, black and white TV picture tubes, colour monitor tubes for data
graphic display, monochrome monitor tubes for data graphic display, components for colour
television, components for black and white television and monochrome data graphic display

Photo and electron multipliers
Photomultiplier tubes, phototubes, single channel electron multipliers, channel electron
multiplier plates

Camera tubes and accessories, image intensifiers

Microwave components and assemblies
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SEMICONDUCTORS (RED SERIES)

The red series of data handbooks is comprised of the following parts:

S1 Diodes
Small-signal germanium diodes, small-signal silicon diodes, voltage regulator diodes(< 1,5 W),
voltage reference diodes, tuner diodes, rectifier diodes

S2 Power diodes, thyristors, triacs
Rectifier diodes, voltage regulator diodes (> 1,5 W), rectifier stacks, thyristors, triacs

S3 Small-signal transistors
S4 Low-frequency power transistors and hybrid IC modules

S5 Field-effect transistors

S6 R.F. power transistors and modules
S7 Microminiature semiconductors for hybrid circuits
S8 Devices for optoelectronics

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

S9 Taken into handbook T11 of the blue series

S10  Wideband transistors and wideband hybrid IC modules
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INTEGRATED CIRCUITS (PURPLE SERIES)

The purple series of data handbooks is comprised of the following parts:

IC1

1c2

Ic3

Ic4

IC5

IC6

IC7

IC8

[os]

IC10

IC11

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

Digital integrated circuits
CMOS HE4000B family

Digital integrated circuits — ECL
ECL10000 (GX family), ECL100000 (HX family), dedicated designs

Professional analogue integrated circuits
Signetics bipolar memories

Signetics analogue circuits

Signetics TTL logic

Signetics Integrated Fuse Logic (IFL)

Microprocessors, microcomputers and peripheral circuitry
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COMPONENTS AND MATERIALS (GREEN SERIES)

The green series of data handbooks is comprised of the following parts:

C1

Cc2

Cc3

ca4

Cc5

cé

c7

c8

Cc9

Cc10

Cc11

c12

Cc13

Cc14

C15

C16

Assemblies for industrial use

PLC modules, PC20 modules, HNiL FZ/30 series, NORbits 60-, 61-, 90-series, input devices,
hybrid I1Cs

Television tuners, video modulators, surface acoustic wave filters

Loudspeakers

Ferroxcube potcores, square cores and cross cores

Ferroxcube for power, audio/video and accelerators

Electric motors and accessories
Permanent magnet synchronous motors, stepping motors, direct current motors

Variable capacitors

Variable mains transformers

Piezoelectric quartz devices

Quartz crystal units, temperature compensated crystal oscillators, compact integrated oscillators,
quartz crystal cuts for temperature measurements

Connectors

Non-linear resistors

Voltage dependent resistors (VDR), light dependent resistors (LDR), negative temperature
coefficient thermistors (NTC), positive temperature coefficient thermistors (PTC)

Variable resistors and test switches

Fixed resistors

Electrolytic and solid capacitors

Film capacitors, ceramic capacitors

Piezoelectric ceramics, permanent magnet materials
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FUNCTIONAL

INDEX
page
NAND gates HEF4011B quadruple 2-input NAND gate 145
HEF4011UB quadruple 2-input NAND gate; unbuffered 147
HEF40128B dual 4-input NAND gate 155
HEF4023B triple 3-input NAND gate 219
HEF4068B 8-input NAND gate 371
AND gates HEF4073B triple 3-input AND gate 385
HEF40818B quadruple 2-input AND gate 399
HEF4082B dual 4-input AND gate 401
NOR gates HEF40008 dual 3-input NOR gate and inverter 113
HEF4001B quadruple 2-input NOR gate 117
HEF4001UB quadruple 2-input NOR gate; unbuffered 119 —
HEF4002B dual 4-input NOR gate 127 —
HEF4025B triple 3-input NOR gate 225 —
HEF4078B 8-input NOR gate 397 -
OR gates HEF4071B quadruple 2-input OR gate 381
HEF40728B dual 4-input OR gate 383
HEF40758B triple 3-input OR gate 387
Inverters and buffers HEF4007UB dual complementary pair and inverter 133
HEF40418B quadruple true/complement buffer 269
HEF40498B hex inverting buffers 313
HEF4050B hex non-inverting buffers 315
HEF4069UB hex inverter 373
HEF4502B strobed hex inverter/buffer 427
HEF40097B 3-state hex non-inverting buffer 721
HEF40098B 3-state hex inverting buffer 725
Complex gates HEF4030B quadruple EXCLUSIVE-OR gate 249
HEF4070B quadruple EXCLUSIVE-OR gate 379
HEF4077B quadruple EXCLUSIVE-NOR gate 395
HEF40858 dual 2-wide 2-input AND-OR-invert gate 403
HEF4086B 4-wide 2-input AND-OR-invert gate 405
Flip-flops HEF4013B dual D-type flip-flop 157
HEF4027B dual JK flip-flop 227
HEF40768B quadruple D-type register with 3-state outputs 389
HEF40174B hex D-type flip-flop 775
HEF40175B quadruple D-type flip-flop 779
Counters HEF4017B 5-stage Johnson counter 181
HEF4018B presettable divide-by-n counter 189
HEF4020B 14-stage binary counter 199
HEF4022B 4-stage divide-by-8 Johnson counter 211
HEF4024B 7-stage binary counter 221
HEF4029B synchronous up/down counter,
binary/decade counter 237
HEF40408B 12-stage binary counter 265
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FUNCTIONAL
INDEX

Counters (continued)

Registers

Decoders and
demultiplexers

Digital multiplexers

HEF4059B
HEF4060B

HEF45108
HEF4516B
HEF4518B
HEF4520B
HEF4521B
HEF45228B
HEF4526B
HEF4534B
HEF47378B; V
HEF4751V
HEF40160B

HEF401618B
HEF40162B
HEF40163B

HEF40192B
HEF401938

HEF4006B
HEF40148B
HEF4015B
HEF4021B
HEF4031B
HEF4035B
HEF4076B
HEF40948B
HEF45178B
HEF4557B
HEF4731B; V
HEF40194B
HEF40195B

HEF4028B
HEF4511B
HEF4514B
HEF4515B
HEF4543B
HEF4555B
HEF45568B

HEF40198B
HEF4512B
HEF45198B
HEF45398B

programmable divide-by-n counter
14-stage ripple-carry binary
counter/divider and oscillator

BCD up/down counter

binary up/down counter

dual BCD counter

dual binary counter

24-stage frequency divider
programmable 4-bit BCD down counter
programmable 4-bit binary down counter
real time 5-decade counter

quadruple static decade counters
universal divider

4-bit synchronous decade counter with
asynchronous reset

4-bit synchronous binary counter with
asynchronous reset

4-bit synchronous decade counter with
synchronous reset

4-bit synchronous binary counter with
synchronous reset

4-bit up/down decade counter

4-bit up/down binary counter

18-stage static shift register

8-bit static shift register

dual 4-bit static shift register

8-bit static shift register

64-stage static shift register

4-bit universal shift register

quadruple D-type register with 3-state outputs
8-stage shift-and-store bus register

dual 64-bit static shift register

1-t0-64 bit variable length shift register
quadruple 64-bit static shift register
4-bit bidirectional universal shift register
4-bit universal shift register

1-0f-10 decoder

BCD to 7-segment latch/decoder/driver

1-of-16 decoder/demultiplexer with input latches
1-0f-16 decoder/demultiplexer with input latches
BCD to 7-segment latch/decoder/driver

dual 1-of-4 decoder/demultiplexer

dual 1-of-4 decoder/demultiplexer

quadruple 2-input multiplexer

8-input multiplexer with 3-state cutput
quadruple 2-input multiplexer

dual 4-input multiplexer

page

341

347
447
479
497
507
513
523
533
569
649
681

735

745

755

765
783
791

129
163
169
205
251
257
389
415
489
611
645
799
805

233
457
471
475
597
603
607

195
465
503
585
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FUNCTIONAL

INDEX
page
Analogue switches and HEF4016B quadruple bilateral switches 173
multiplexers/ HEF40518B 8-channel analogue multiplexer/demultiplexer 317
demultiplexers HEF40528B dual 4-channel analogue multiplexer/demultiplexer | 325
HEF4053B triple 2-channel analogue multiplexer/demultiplexer | 333
HEF4066B quadruple bilateral switches 355
HEF4067B 16-channel analogue multiplexer/demultiplexer 363
Latches HEF4042B quadruple D-latch 271
HEF4043B quadruple R/S latch with 3-state outputs 277
HEF4044B quadruple R/S latch with 3-state outputs 281
HEF4508B dual 4-bit latch 439
HEF4724B 8-bit addressable latch 639
Multivibrators and HEF40478B monostable/astable multivibrator 299 E
timers HEF4528B dual monostable multivibrator 551 —
HEF4538B dual precision monostable multivibrator 577 —
HEF4541B programmable timer 589
HEF4753B universal timer module 695
Arithmetic units HEF4008B 4-bit binary full adder 141
HEF4531B 13-input parity checker/generator 557
HEF4532B 8-input priority encoder 561
HEF4585B 4-bit magnitude comparator 617
Schmitt triggers HEF4093B quadruple 2-input NAND Schmitt trigger 409
HEF401068B hex Schmitt trigger 729
Memories HEF45058 64-bit, 1-bit per word read/write RAM 431
HEF4720B;V  256-bit, 1-bit per word RAM 623
Special functions HEF4046B phase-locked loop 285
HEF4104B quadruple low-to-high voltage translator
with 3-state outputs 423
HEF4527B BCD rate multiplier 543
HEF4738V IEC/IEEE bus interface 657
HEF4750V frequency synthesizer 665
HEF4752V a.c. motor control circuit 691
HEF4754V 18-element bar graph LCD driver 703
HEF4755Vv transceiver for serial data communication 709
Octal circuits HEF402408B octal buffers with 3-state outputs 813
HEF402448 octal buffers with 3-state outputs 819
HEF402458 octal bus transceiver with 3-state outputs 825
HEF40373B octal transparent latch with 3-state outputs 831
HEF40374B octal D-type flip-flop with 3-state outputs 837
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NUMERICAL

INDEX
type number | function category | pins |suffix * | page
HEF4000B |dual 3-input NOR gate and inverter gates 14 |D,P, T | 113
HEF4001B |{quadruple 2-input NOR gate gates 14 |D,P, T | 117
HEF4001UB |quadruple 2-input NOR gate; unbuffered gates 14 |D,P, T | 119
HEF4002B |dual 4-input NOR gate gates 14 |D,P, T |127
HEF4006B | 18-stage static shift register MSI 14 |D,P, T | 129
HEF4007UB | dual complementary pair and inverter gates 14 |D,P, T {133
HEF4008B |4-bit binary full adder MS| 16 [D,P, T | 141
HEF4011B |quadruple 2-input NAND gate gates 14 |D,P, T | 145
HEF4011UB |quadruple 2-input NAND gate; unbuffered gates 14 |D,P, T |147
HEF4012B |dual 4-input NAND gate gates 14 |D,P, T |155
HEF4013B |dual D-type flip-flop flip-flops | 14 |D,P, T | 157
—_— HEF4014B | 8-bit static shift register MSI 16 |D,P, T | 163
— HEF4015B |dual 4-bit static shift register MSI 16 |D,P, T | 169
— HEF4016B |quadruple bilateral switches gates 14 |D,P, T [ 173
— HEF4017B | 5-stage Johnson counter MSI 16 |D,P, T | 181
HEF4018B | presettable divide-by-n counter MSI 16 [D,P, T |189
HEF4019B |quadruple 2-input multiplexer MS| 16 D,P, T [ 195
HEF4020B | 14-stage binary counter MS! 16 |D,P, T | 199
HEF4021B |8-bit static shift register MSI 16 |D,P, T | 205
HEF4022B |4-stage divide-by-8 Johnson counter MSI 16 |D,P, T | 211
HEF4023B |triple 3-input NAND gate gates 14 D,P, T |219
HEF4024B | 7-stage binary counter MS| 14 |D,P, T |22
HEF4025B |triple 3-input NOR gate gates 14 |D,P, T |225
HEF4027B |dual JK flip-flop flip-flops | 16 |D,P, T |227
HEF4028B | 1-of-10 decoder MSI 16 |D,P, T |233
HEF4029B |synchronous up/down — binary/decade counter MSI 16 |D,P, T |237
HEF4030B |quadruple EXCLUSIVE-OR gate gates 14 |D,P, T |249
HEF4031B |64-stage static shift register MSI 16 |D,P, T |251
HEF4035B |4-bit universal shift register MSI 16 |D,P, T |257
HEF4040B | 12-stage binary counter MSi 16 |D,P, T |265
HEF4041B | quadruple true/complement buffer buffers 14 (D,P, T |269
HEF4042B |quadruple D-latch MSI 16 D,P, T |271
HEF4043B |quadruple R/S latch with 3-state outputs MS| 16 D,P, T |277
HEF4044B |quadruple R/S latch with 3-state outputs MSI 16 |D,P, T |281
HEF4046B |phase-locked loop MSI 16 |D,P, T |285
HEF4047B | monostable/astable multivibrator MSi 14 |D,P, T |299
HEF4049B | hex inverting buffers buffers 16 |D,P, T |313
HEF4050B | hex non-inverting buffers buffers 16 (D,P, T |315
HEF4051B |8-channel analogue multiplexer/demultiplexer MSI 16 |D,P, T |317
HEF4052B |dual 4-channel analogue multiplexer/demultiplexer | MSI 16 |D,P, T [325

* Add the suffix to the type number on all orders.
D:ceramic (cerdip) package (DIL).

P :plastic package (DIL).

T :plastic mini-pack (SO-package).
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NUMERICAL
J L INDEX

type number |function category | pins |suffix * | page
HEF4053B |triple 2-channel analogue multiplexer/demultiplexer | MSI 16 |D,P, T |333
HEF4059B |programmable divide-by-n counter MSI 24 D,P, T |341
HEF4060B | 14-stage ripple-carry binary counter/divider ’

and oscillator MSi 16 |D,P, T |347
HEF4066B |quadruple bilateral switches gates 14 |D,P, T |355
HEF4067B | 16-channel analogue multiplexer/demultiplexer MSI 24 |D,P, T |363
HEF4068B |8-input NAND gate gates 14 |D,P, T |371
HEF4069UB | hex inverter gates 14 D,P, T |373
HEF4070B |quadruple EXCLUSIVE-OR gate gates 14 |D,P, T |379
HEF4071B | quadruple 2-input OR gate gates 14 |D,P, T |381 >
HEF4072B |dual 4-input OR gate gates 14 |D,P, T |383
HEF4073B | triple 3-input AND gate gates 14 |D,P,T |385
HEF4075B |triple 3-input OR gate gates 14 |D,P, T |387
HEF4076B | quadruple D-type register with 3-state outputs MSI 16 |D,P, T |389
HEF4077B |quadruple EXCLUSIVE-NOR gate gates 14 |D,P, T {395
HEF4078B |8-input NOR gate gates 14 |D,P, T |397
HEF4081B | quadruple 2-input AND gate gates 14 |D,P, T |399
HEF40828 |dual 4-input AND gate gates 14 |D,P, T |401
HEF4085B |dual 2-wide 2-input AND-OR-invert gate gates 14 D,P, T |403
HEF4086B | 4-wide 2-input AND-OR-invert gate gates 14 |D,P, T |405
HEF4093B |quadruple 2-input NAND Schmitt trigger gates 14 (D,P, T |409
HEF4094B | 8-stage shift-and-store bus register MSI 16 |D,P, T |415
HEF4104B |quadruple low to high voltage translator; 3-state MSI 16 |D,P, T |423
HEF4502B |strobed hex inverter/buffer buffers 16 |D,P, T |427
HEF4505B | 64-bit static read/write RAM LS| 14 D,P 431
HEF4508B |dual 4-bit latch ) MSI 24 |D,P, T |439
HEF4510B |BCD up/down counter MSI 16 D,P, T |447
HEF4511B |BCD to 7-segment latch/decoder/driver MSI 16 D,P, T |457
HEF4512B |8-input multiplexer with 3-state output MSI 16 |D,P, T |465
HEF4514B | 1-0f-16 decoder/demultiplexer with input latches MSI 24 |D,P, T |471
HEF4515B | 1-of-16 decoder/demultiplexer with input latches MSI 24 D,P, T |475
HEF4516B | binary up/down counter MSI 16 [D,P, T {479
HEF4517B |dual 64-bit static shift register LSl 16 D,P, T (489
HEF4518B |dual BCD counter ‘MSI 16 |D,P, T |497
HEF4519B |quadruple 2-input multiplexer MSI 16 |D,P, T |503
HEF4520B |dual binary counter MSI 16 (D,P, T |507
HEF4521B | 24-stage frequency divider MSI 16 |D,P, T |513
HEF4522B | programmable 4-bit BCD down counter MSI 16 |D,P, T |523
HEF4526B |programmable 4-bit binary down counter MSI 16 |D,P, T |533
HEF4527B | BCD rate multiplier MSI 16 D,P, T |543
HEF4528B |dual monostable multivibrator MSI 16 D,P, T |551

* Add the suffix to the type number on all orders.
D:ceramic (cerdip) package (DIL).

P :plastic package (DIL).

T:plastic mini-pack (SO-package).
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NUMERICAL

INDEX
type number |function category |pins |suffix * | page
HEF4531B |13-input parity checker/generator MSI 16 |D,P, T |557
HEF4532B |8-input priority encoder MSI 16 |D,P, T |561
HEF4534B |real time 5-decade counter LSI 24 |D,P, T |569
HEF4538B |dual precision monostable multivibrator MSI 16 |D,P, T |577
HEF4539B |dual 4-input multiplexer MSI 16 |D,P, T |585
HEF4541B |programmable timer MSI 14 |D,P, T |589
HEF4543B |BCD to 7-segment latch/decoder/driver MSI 16 |D,P, T |597
HEF4555B |dual 1-of-4 decoder/demultiplexer MSI 16 |D,P, T |603
HEF4556B |dual 1-of-4 decoder/demultiplexer MSI 16 |D,P, T |607
HEF4557B | 1-to-64 bit variable length shift register LS| 16 |D,P, T |611
HEF4585B |4-bit magnitude comparator ’ MSi 16 |D,P, T |617
HEF4720B;V|256-bit, 1-bit per word RAM LSI 16 |D,P, T |623
E HEF4724B |8-bit addressable latch MSI 16 |D,P, T {639
— HEF4731B;V |quadruple 64-bit static shift register LSI 14 |D,P 645
— HEF47378;V |quadruple static decade counters LSl 18 |(D,P 649
HEF4738V |IEC/IEEE bus interface LSl 40 (P 657
HEF4750V | frequency synthesizer LSI 28 |D 665
HEF4751V  |universal divider LS! 28 (D,P, T |681
HEF4752V |a.c. motor control circuit LSl 28 |D,P, T |691
HEF4753B |universal timer module LSl 18 |D,P 695
HEF4754V | 18-element bar graph LCD driver LSI 28 |D,P, T |703
HEF4755V |transceiver for serial data communication LSI 28 |D,P, T |709
HEF40097B |3-state hex non-inverting buffer buffers |16 |D,P, T |721
HEF40098B |3-state hex inverting buffer buffers |16 |D,P, T [725
HEF40106B | hex inverting Schmitt trigger gates 14 (D,P, T |729
HEF40160B |4-bit synchronous decade counter; asynchronous reset | MSI 16 |D,P, T | 735
HEF40161B |4-bit synchronous binary counter; asynchronous reset | MSI 16 {D,P, T | 745
HEF40162B | 4-bit synchronous decade counter; synchronous reset | MS| 16 |D,P, T | 755
HEF40163B |4-bit synchronous binary counter; synchronous reset | MSI 16 |D,P, T |765
HEF40174B | hex D-type flip-flop MSI 16 |D,P, T |775
HEF40175B | quadruple D-type flip-flop MSI 16 |D,P, T |779
HEF40192B | 4-bit up/down decade counter MSI 16 |D,P, T |783
HEF40193B | 4-bit up/down binary counter MSI 16 |(D,P, T {791
HEF40194B | 4-bit bidirectional universal shift register MSI 16 |D,P, T |799
HEF40195B | 4-bit universal shift register MSI 16 |D,P, T |805
HEF402408B | octal buffers with 3-state outputs buffers {20 |P, T 813
HEF40244B | octal buffers with 3-state outputs buffers (20 [P, T 819
HEF40245B | octal bus transceiver with 3-state outputs . buffers (20 [P, T 825
HEF40373B | octal transparent latch with 3-state outputs MSI 20 |P, T 831
HEF40374B | octal D-type flip-flop with 3-state outputs MSI 20 |P, T 837
* : Add the suffix to the type number on all orders.
D : ceramic (cerdip) package (DIL).
P : plastic package (DIL).
T : plastic mini-pack (SO-package).
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RATING

SYSTEMS

RATING SYSTEMS

The rating systems described are those recommended by the International 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 nominal values
for the type. A bogey electronic device for any particular application can be obtained by considering
only those characteristics which are directly related to the application.

Rating. A value which estabiishes 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
mterpretation.

Note

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

ABSOLUTE MAXIMUM RATING SYSTEM

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

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

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

DESIGN MAXIMUM RATING SYSTEM

Design maximum ratings are limiting values of operating and environmental conditions applicable to a
bogey electronic device of a specified type as defined by its published data, and should not be exceed-
ed under the worst probable conditions.

These values are chosen by the device manufacturer to provide acceptable serviceability of the device,
taking responsibility for the effects of changes in operating conditions due to variations in the charac-
teristics 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 component variation, variation in
characteristics of all other devices in the equipment, equipment control adjustment, load variation,
signal variation and environmental conditions.

DESIGN CENTRE RATING SYSTEM

Design centre ratings are limiting values of operating and environmental conditions applicable to a
bogey electronic device of a specified type as defined by its published data, and should not be exceed-
ed 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 the 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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HANDLING
{ MOS DEVICES

HANDLING MOS DEVICES

Though all our MOS integrated circuits incorporate protection against electrostatic discharges, they
can nevertheless be damaged by accidental over-voltages. In storing and handling them, the following
precautions are recommended.

Caution

Testing or handling and mounting call for special attention to personal safety. Personnel handling MOS
devices should normally be connected to ground via a resistor.

Storage and transport

Store and transport the circuits in their original packing. Alternatively, use may be made of a conductive
material or special IC carrier that either short-circuits all leads or insulates them from external contact.

Testing or handling

Work on a conductive surface (e.g. metal table top) when testing the circuits or transferring them from
one carrier to another. Electrically connect the person doing the testing or handling to the conductive

surface, for example by a metal bracelet and a conductive cord or chain. Connect all testing and hand-

ling equipment to the same surface.

Signals should not be applied to the inputs while the device power supply is off. All unused input leads
should be connected to either the supply voltage or ground.

Mounting

Mount MOS integrated circuits on printed circuit boards after all other components have been mounted.
Take care that the circuits themselves, metal parts of the board, mounting tools, and the person doing
the mounting are kept at the same electric (ground) potential. If it is impossible to ground the printed-
circuit board the person mounting the circuits should touch the board before bringing MOS circuits

into contact with it.

Soldering

Soldering iron tips, including those of low-voltage irons, or soldering baths should also be kept at the
same potential as the MOS circuits and the board.

Static charges

Dress personnel in clothing of non-electrostatic material (no wool, silk or synthetic fibres). After the
MOS circuits have been mounted on the board proper handling precautions should still be observed.
Until the sub-assemblies are inserted into a complete system in which the proper voltages are supplied,
the board is no more than an extension of the leads of the devices mounted on the board. To prevent
static charges from being transmitted through the board wiring to the device it is recommended that
conductive clips or conductive tape be put on the circuit board terminals.

Transient voltages

To prevent permanent damage due to transient voltages, do not insert or remove MOS devices, or
printed-circuit boards with MOS devices, from test sockets or systems with power on.

Voltage surges
Beware of voltage surges due to switching electrical equipment on or off, relays and d.c. lines.
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CECC

CECC QUALIFIED PRODUCTS

INTRODUCTION

The basis of the quality assessment of the CMOS ICs described in this handbook is formed by the rules
and procedures of the well known CECC system (European system of quality assessment for electronic
components). As a consequence, all CMOS manufacturing activities are now fully qualified and super-
vised by independent, internationally recognized, National Inspectorates (e.g. KEMA for The Nether-
lands).

Our CMOS ICs are homologated according to the CECC 90 000 Specification.

CECC - WHAT DO CUSTOMERS GET?

® Products, wholly manufactured in CECC approved premises.
® Products, released by an Inspection Organization which is approved by the National Supervising

E Inspectorate (NSI).

— ® Products, released in accordance with CECC adopted specifications.

— ® Mandatory sample life tests and environmental tests.
® Delivery in packages, which are sealed with the mark of conformity under supervision of the NSI.
® Certified test records compiled every six months and available on request.
® Audits of the production facilities by the NSI.
THE CECC SCHEME
CECC is a scheme for providing electronic components of assessed quality controlled by the National
Supervising Inspectorate (NSI, e.g. KEMA). It is set up by the CENELEC (European Committee for
Electrotechnical Standardization) Electronic Components Committee (CECC) and the International
Electrotechnical Commission (IEC).
The CECC scheme includes two essential features of any Quality Assurance Scheme:
— a specification system,
— a certification procedure supported by an independent inspectorate.
CECC IN OPERATION
The CECC scheme operates essentially in three parts.
Part 1: the plant qualification
Part 2: the device qualification
Part 3: quality conformance inspection of deliveries
Part 1
Established to the satisfaction of the NSI that the organization has adequate quality systems, pro-
cedures and standards to control the manufacturing of electronic components to the minimum standard
as defined in the CECC system.
Part 2
Established by demonstration to the NSI that the electronic components are capable of meeting the
requirements of detail specifications which are prepared in accordance with the CECC system. This is
accomplished by performing the qualification activity.
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Part 3

Established on a lot-by-lot and periodic sampling basis such, that the devices are in conformance with
the specifications to which they were initially qualified. Data on the results of these tests are provided
as Certified Test Records (CTRs), certified by a representative of the NSi and they are published at
six-monthly intervals.

At this stage, if any lot should be classified as rejected, it will become disqualified from being released
as a CECC device. Re-submission of rejected lots is not permitted.

CECC - QUALIFICATION FEATURES
Lot-by-lot tests
Group A inspection

Group A prescribes the visual examination and electrical measurements to be made on a lot-by-lot basis
to assess the principal electrical properties of a circuit (see CECC 00 107).

Group A inspection is divided into appropriate Sub-Groups.

Group B inspection

Group B prescribes the procedures to be used on a lot-by-lot basis to assess certain additional properties
of the circuit, including environmental and endurance tests which can be completed in less than one

week (see CECC 00 107).
Group B inspection is divided into appropriate Sub-Groups.

Periodic tests
Group C inspection

Group C prescribes the procedures to be used on a periodic basis to assess certain properties of the cir-
cuit including environmental and endurance tests which are appropriate for checking at intervals of

3 months.

Group C inspection is divided into appropriate Sub-Groups.

Group D inspection
Group D prescribes the procedures to be used on a periodic basis at intervals of 12 months.

CECC - QUALIFICATION PROCEDURE

® Raise detail specification in accordance with appropriate rules.

©® Detail specification approved by NSI and NAI (National Authorized Institution).

® Submit 3 separate lots for qualification.

® Pass all group A and B tests on each of the 3 lots.

® Pass all group C tests on a combined sample from the 3 lots.

® Pass all group C tests, except test C8 (endurance).

® Pass C8 endurance test at 1000 hours, submit test records countersigned by supervising inspector and
apply for provisional approval.

CECC - PRODUCTS

Our CMOS products are available up to the highest assessment level R. Products qualified by CECC are
recognized by the symbol & on the individual data sheets in this handbook. The appropriate CECC
detail specification number is also given.
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J L OPTIONS

BURN-IN OPTIONS

Production quality control ensures that the quality inherent in a design is realized during manufacture
of our CMOS integrated circuits. This is achieved by monitoring the quality, both conformity and
reliability, of finished ICs; by inspection of the materials and components to be used in the process;
by calibration of the equipment; and by monitoring the temperature, humidity and dust content of
the manufacturing area.

Careful integration of the production and quality-control functions is essential for good and improving
quality.

The BURN-IN option is an additional feature and is available on all our plastic and ceramic (cerdip)
DIL packaged CMOS ICs. The features are:

® reduced infant mortality

® reduced printed-circuit board and system re-design
® reduced equipment down-time

® reduced field failures

Flow-charts

NORMAL FLOW  BURN-IN FLOW
I 1

I
I
\ |

MARK MARK
FINAL TEST i;;c'/Tg 'é:AL
D.C./FUNCTION. ET
C./FUNCTIONAL PARAMETERS
AT 25°C
ACCEPTANCE H
Reorine ! BURN-IN
1
FINAL TEST
D.C./FUNCTIONAL
\ ACCEPTANCE
7290188 ! TESTING

Burn-in is performed under the following conditions:

VoD 15V
Tamb 1250C \ .

time 168 hours | or equivalent
bias static
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ORDERING
INFORMATION

ORDERING INFORMATION

TYPE DESIGNATION

HEX4512BXX
HE family identification
X operating temperature range (C = full, F = limited)
4512 device number
B JEDEC "“B" series CMOS specification
X package code (P = plastic, D = ceramic (cerdip), T = plastic SO mini-pack
X screening class (B = burn-in; see also chapter BURN-IN OPTIONS)
Example: HEF4512BDB
MARKING
7286174
terminal 1 XXX XXX XXX X type desi
identification )_(?5 XXX ? ?
factory identification —J ]L— layout no.
date code quality assessment level (R, S, T or V)
ORDERING

N (a) integrated circuit HEF (b) 4512B, R (c) level, B class (d), D (e) package, following

NL-CECC 90 104-066, Issue 1. v
Complete type number: HEF4512BDB

Note: Always use the complete type number when ordering (see above). Complete type number are

given in the device data sheets.

a: quantity

: operating temperature range (HEF or HEC)
: quality assessment level (R)

b
c
d: screening class, burn-in (optional)
e

: package code D = ceramic (cerdip); P = plastic; T = plastic SO mini-pack
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PACKAGE
OUTLINES

14-LEAD DUAL IN-LINE; PLASTIC (SOT-27KM,T)

19,5 max

<—— 8,25max ——»

[

|

seating plane

W7

|

Yos1 l

%
®

(1)

YYYYYRY

Dimensions in mm

SOLDERING

1. By hand

(2)

[ LT

max H ! {

min
) 0762
3

fe[o25. @) '

1
i
-
':r\qu :|
I i
e
1 la— 762 —! |
10
8,3

7286804

Positional accuracy.
Maximum Material Condition.

Centre-lines of all leads are

within £0,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by
+0,254 mm.

Lead spacing tolerances apply
from seating plane to the line
indicated. )

Apply the soldering iron below the seating plane (or not more than 2 mm above it).
If its temperature is below 300 OC it must not be in contact for more than 10 seconds; if between

300 ©C and 400 °C, for not more than 5 seconds.

2. By dip or wave

The maximum permissible temperature of the solder is 260 ©C; this temperature must not be in
contact with the joint for more than 5 seconds. The total contact time of successive solder waves

must not exceed 5 seconds.

The device may be mounted up to the seating plane, but the temperature of the plastic body must
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced
cooling may be necessary immediately after soldering to keep the temperature within the permis-

sible limit.

3. Repairing soldered joints

The same precautions and limits apply as in (1) above.
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16-LEAD DUAL IN-LINE; PLASTIC (SOT-382)

19,5 max — -~ - >l>

seating plane

@ Positional .accuracy.

16 15 14 13 12 1 10 9
@ Maximum Material Condition.

(1) Centre-lines of all leads are
within +0,127 mm of the nominal

\
4

L 2 3 4 S 6 7 8 position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by

lead 1 indication (either index or sign) +0,254 mm.
top view (2) Lead spacing tolerances apply

from seating plane to the line

. . . indicated.
Dimensions in mm

SOLDERING

1. By hand

Apply the soldering iron below the seating plane (or not more than 2 mm above it).
I its temperature is below 300 ©C it must not be in contact for more than 10 seconds; if between
300 OC and 400 °C, for not more than 5 seconds.

2. By dip or wave

The maximum permissible temperature of the solder is 260 2C; this temperature must not be in
contact with the joint for more than 5 seconds. The total contact time of successive solder waves
must not exceed 5 seconds.

The device may be mounted up to the seating plane, but the temperature of the plastic body must
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced
cooling may be necessary immediately after soldering to keep the temperature within the permis-
sible limit.

3. Repairing soldered joints
The same precautions and limits apply as in (1) above.
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14-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-73A,B,C)

19,94 max

8,25 max

2 |
: !
2 } :
Z 5,08 T
£ max T
: joae |

v ] |

13 12 n 10

RTeTATaTatale

(1)

LI

Dimensions in mm

——— min
2)
- 0,76
[}

SO

@ Positional accuracy.
- _ V - . - @ Maximum Material Condition.

Centre-lines of all leads are

within 0,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by
0,254 mm.

Lead spacing tolerances apply
from seating plane to the line
indicated.
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16-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-74)

19,94 max

8,25 max

seating plane

1]

o

Ay

16 15

L

13

12 1"

10 9

3

5 6

T

Dimensions in mm

L

]

L

1]

top view

TH __.T \
100
7s6 72555447

@ Positional accuracy.

@ Maximum Material Condition.

(1)

(2)

Centre-lines of all leads are

within £0,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by
+0,254 mm.

Lead spacing tolerances apply
from seating plane to the line
indicated.

24
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24-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-94)

33max
' !
e
o |
5 L !
.:_3 5,84
o | max
ﬂ | &o,sw
A N T " N T emin
4 R ; M)
5| ] —_—
i | 22¢ll] Tz @
| izl =L
54
-zl sl

1,7 max
—> -

iﬁrﬁfhfbfhrﬁrﬁr‘hlﬂhlr’hﬂrﬁ

24 23

22

21

20

19

18

17 16

15

10

1% 13

1 12 top view

15,9 max

Dimensions in mm

LT

side view

7255849.5

RIS

@
®

(1)

(2)

Positional accuracy.
Maximum Material Condition.

Centre-lines of all leads are

within £0,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by
+0,254 mm.

Lead spacing tolerances apply
from seating plane to the line
indicated.
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24-LEAD DUAL IN-LINE; PLASTIC (SOT-101A)

32 max
@
g T
R m— j
Ed 51
.g max
& — 0,51 l
min
4 -—To7®
39
3,4
1 / "
H 1 [2,54]
>l 22 o | |
max
1,7 max
2 23 22 21 20 19 18 17 16 15 1% 13 top view
3)
S )
1 2 3 3 5 6 7 8 9 10 1 12

- 14,1 max ———————»

LLJ side view

15,24 f \

17,15 7273670.5
15,90

Dimensions in mm

SOLDERING
See page 18 of this chapter (SOT-382).

@ Positional accuracy.

®
8]

(2)

(3)

Maximum Material Condition.

Centre-lines of all leads are

within £0,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by
+0,254 mm.

Lead spacing tolerances apply
from seating plane to the line
indicated.

Index may be horizontal as shown,
or vertical.
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18-LEAD DUAL IN-LINE; PLASTIC (SOT-102A)

23,5 max
2
LI — f
2 4.7
.s max
a —7 0,51
t - AL min g
? B ] 0,76(2)
3.9 053
Mo 1o % w
1 | ' [254])! 1 . j
1751 i | | | ol
max
1,4 max
- -
N LT |T| e
18 17 16 EEE 12 N 10 top view
3)
I S B B _ = _
J
1 2 3 4 5 6 7 8 9

<«—— 8,25 max ——|

[ — - R

95
83

7270173.3

Dimensions in mm

SOLDERING

See page 18 of this chapter (SOT-382Z).

side view

@ Positional accuracy.

®
M

(2)

(3)

Maximum Material Condition.

Centre-lines of all leads are

within £0,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by
40,254 mm.

Lead spacing tolerances apply
from seating plane to the line
indicated.

Index may be horizontal as shown,
or vertical.
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14-LEAD MINI-PACK; PLASTIC (SO-14; SOT-108A)

8,75
o 8,55
8
d AT
6
i
5 Iy }
06__ |
f 125175 go
125 135
. ] 2
=5 ETETE " & i
— L» ggg“ % 025 . O?min“
0,7 max l e | <[+]025 @) 019 6.2 ;
111,27 '= 5.8 7273967.5
7 3 3 A 3 2 T ]| top view

Dimensions in mm

@ Positional accuracy.

® Maximum Material Condition.

SOLDERING

The reflow solder technique

The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or,
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed
by heating.

Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder.
They are available in various forms depending on the specification of the solder and the type of binder
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem-
perature of this paste is about 220 to 230 °C when a mild flux is used.

For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact
area.

The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid.

After soldering, the substrate must be cleaned of any remaining flux.
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OUTLINES
16-LEAD MINI-PACK; PLASTIC (SO-16; SOT-109A)
| 2‘,%
oy 125 40
O,TS 3.8
i
R J‘ N
e \
J L Bl s b o3 min| "
0.7 max —| . 82 g
111,27 e o 72739785
8 7 6 S 4 3 2 1 top view

Dimensions in mm

@ Positional accuracy.

T

® Maximum Material Condition.

SOLDERING

The reflow solder technique

The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or,
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed
by heating. '

Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder.
They are available in various forms depending on the specification of the solder and the type of binder
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is reccommended. The working tem-
perature of this paste is about 220 to 230 ©C when a mild flux is used.

For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact
area.

The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid.

After soldering, the substrate must be cleaned of any remaining flux.
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28-LEAD DUAL IN-LINE; PLASTIC (SOT-117)

36 max
g T
i 1
4 5.1
£ max
g Y051
min L

’ —— 076

39

3,4

v ¥ (#Jozse @) "

ol 17 e el
max
17 max

top view

28 27 26 25 2 23 22 2 20 19 18 17 16 15
\ \_\
1 2 3 4 5 6 7 8 9 0 N 12 13 1%
- 158 max —————>
- 141 max ———»
1 et
- side view Positional accuracy.

1715

7273669.2

15,90

Dimensions in mm

SOLDERING
See page 18 of this chapter (SOT-38Z).

(2)

(3)

Maximum Material Condition.

Centre-lines of all leads are

within 0,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by
+0,254 mm.

Lead spacing tolerances apply
from seating plane to the line
indicated.

Index may be horizontal as shown,
or vertical.
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40-LEAD DUAL IN-LINE; PLASTIC (SOT-129)
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SOLDERING

See page 18 of this chapter (SOT-38Z).
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18-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-133)

+———————————— 23,6 max

seating plane

’

Nw
(o

[ 1= le )

AL

17 16 15 16 13 12 LU Y top view

L G
DL LI LT

<+—— 8,25 max ——

|

side view ..
EB Positional accuracy.

@ Maximum Material Condition.

| | (1) Centre-lines of all leads are

[ || within +0,127 mm of the nominal
[ position shown; in the worst case,
| the spacing between any two leads

[\ may deviate from nominal by

+0,254 mm.

(2) Lead spacing tolerances apply
from seating plane to the line
indicated.

vs 7278692.2

Dimensions in mm
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28-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-135A)

— 38,1 max

seating plane

——

11000
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Dimensions in mm

side view

7276698.2

$ Positional accuracy.

top view

® Maximum Material Condition.

(1

Centre-lines of all leads are

within 0,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by

30,254 mm.

(2)

Lead spacing tolerances apply

from seating plane to the line
indicated.
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20-LEAD DUAL IN-LINE; PLASTIC (SOT-146)

27 max
[}
&
-_— T
a |
= | B t
€ I 4.7
s ! max
e —70,51 l
v | _ _ ~ B _ _ R _ _ min
[} - ——10,762
3,43 053
3,05 18x " e
LI I V
1 ' ' 1 H ' 1 ) )
o2 | | | el | | |
max
1,73 max
20 19 18 17 16 15 14 13 12 1 top view

E 1 2 3 [ 5 6 7 8 9 10
<«+—— 8,25 max —|
side view @ Positional accuracy.
(M) Maximum Material Condition.
(1) Centre-lines of all leads are
within £0,127 mm of the nominal
position shown; in the worst case,
1l the spacing between any two leads
I may deviate from nominal by
! l!l +0,254 mm.
|e——[T52]——I |\
(2) Lead spacing tolerances apply
2283901.3 fror_n seating plane to the line
indicated.
Dimensions in mm
SOLDERING
See page 18 of this chapter (SOT-382).
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16-LEAD MINI-PACK; PLASTIC (SO-16L; SOT-162A)
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| ) (. | 20
max @ Positional accuracy.
}

(M) Maximum Material Condition.

SOLDERING

The reflow solder technique

The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or,
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed
by heating.

Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder.
They are available in various forms depending on the specification of the solder and the type of binder
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem-
perature of this paste is about 220 to 230 ©C when a mild flux is used.

For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact
area.

The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid.

After soldering, the substrate must be cleaned of any remaining flux.
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20-LEAD MINI-PACK; PLASTIC (SO-20; SOT-163A)
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[} @ Positional accuracy.
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SOLDERING

The reflow solder technique

The preferred technique for mounting miniature components on hybrid thick or thin-film circuits is
reflow soldering. Solder is applied to the required areas on the substrate by dipping in a solder bath or,
more usually, by screen printing a solder paste. Components are put in place and the solder is reflowed
by heating.

Solder pastes consist of very finely powdered solder and flux suspended in an organic liquid binder.
They are available in various forms depending on the specification of the solder and the type of binder
used. For hybrid circuit use, a tin-lead solder with 2 to 4% silver is recommended. The working tem-
perature of this paste is about 220 to 230 °C when a mild flux is used.

For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 um is used
for which the emulsion thickness should be about 50 um. To ensure that sufficient solder paste is
applied to the substrate, the screen aperture should be slightly larger than the corresponding contact
area.

The contact pins are positioned on the substrate, the slight adhesive force of the solder paste being
sufficient to keep them in place. The substrate is heated to the solder working temperature preferably
by means of a controlled hot plate. The soldering process should be kept as short as possible: 10 to
15 seconds is sufficient to ensure good solder joints and evaporation of the binder fluid.

After soldering, the substrate must be cleaned of any remaining flux.
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FUNCTIONAL

HEF4000B HEF4001B HEF4001UB HEF4002B
210
1h 11h =7
Ay o 4 o |3 B
o e LEZD<*¢1 2o T o o
sl sl 511
3 3 2
= — 0.
0, |10 iZDO—Oi'L— i B e 790. ;5
—-& 0,]13
8lls 8jls R LS B
8] o 8] o 21
| ol
2 l7 Oufn -] ; O fn .
T 115 Bl Dual 4-input
NOR gate.
Dual 3-input NOR e T
gate and inverter. Quadruple 2-input Quadruple 2-input
NOR gate. NOR gate; unbuffered.
HEF4006B HEF4008B
110 SHIFT REGISTER  |©03A[13
HIGH-SPEED Cour |14
—Of 4-BITS PARALLEL CARRY
0 |
s SHIFT REGISTER | 938 |10 15{B3 ADDER | s3l13
—Of 4-BITS 4
1[A3
: ! =
Spc SHIFT REGISTER  |Oac |12 ol —_
ol 5-BITS 2 ADDER | S2|12 —
[ Oacln 3 (A2 3 —
0 |
610 SHIFT REGISTER (94D |9
e 5-BITS 4181 ADDER | s1]11
_ o 2
3|CP [ O3p|s
1= 5| A1
7273675.2 L
. 6|80
. . . ADDER Sof10
18-stage static shift register. 1
71 A0
9 |CiN f
7Z74548.1
HEF4007UB
4-bit binary full adder.
13 2 |1 1
Dpy Sz |De2 Se3| voolia
P P P
[ [~
615 Dn/e3f12.
— —
— —
N N N| [Vss|7 .
oo o Tole A Dual complementary pair and
N1 2 N2 N2 |V3 N3 . .
e —T T s inverter; unbuffered.
27367
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FUNCTIONAL
DIAGRAMS

HEF4011B HEF4011UB HEF4012B HEF4013B
2[n 6
b 0|3 4! 0|3 3l ]
2L B 2 B 1 St Sp1
EIL 5 Dy 0, 1
i o lu i oo i 5
Sla =k T0Te 0ul1s cPy FF
1 8|1 W s 2
Bl 0s |10 Rl L 0; |10 12]1s O
Slle — Sl — - Cpq
1 12l 7269563 __4_
o Ot FOin O 8
341 =8 Dual 4-input -
NAND gate. Sp2
- e 9 A 13
. Dz
Quadruple 2-input Quadruple 2-input 1 cp, FF
NAND gate. NAND gate; unbuffered. - .
)
HEF4014B Co2
10}
7 16 |5 |4 1314 15 1
7269524.1
Po |P1 P2 |P3 [P4 |Ps |P6 [P7 .
o |lpe [ Dual D-type flip-flop.
1
HEF4015B
11|Ps 7{Pa Ooals
cp SHIFT O1ala
" "Al REGISTER |0pal3
Dg D D 4-BITS
10jCP bg ! SHIFTREGISTER  / O3al10
8-BITS
05[06[07 _6|YFa ]
7269525.3 2 1213 15|P8 Oog|13
8-bit static shift register. sHirr | 91B]12
%P8 RegisTER 011
HEF4016B 4-BITS
10382
i3 |1 s s 6 [ |2 |
Eo Yo |E1 [Y1 |E2 [Y2 [E3 |Y3 _14|MRg
] ] 7269526.2
20 21 22 Z3 Dual 4-bit static
[2 3 9 ['0 shift register
7269571.2
i itch 2 |3 |7 |9 |12
Quadruple bilateral switches. HEF40188B
Po [P1 (P2 [P3 [P,
401 0 |P1 P2 [P3 |Ps
HEF40178 10| PL| PARALLEL LOAD
CP. CIRCUITRY
13|CP1
— 5-STAGE JOHNSON COUNTER T I I ]
14[CPy 1| ore 75y
T5[MR | [ [ | B 14CPL counTER
Os-9l12 15|MR
DECODING AND OUTPUT cmcwm—_
0g (01 |05 [03 |04 |05 |06 {07 |0g |0 °°°1I°203]°4
0 {01 {02 {03 |94 |95 {06 |97 |08 |09 R O RE
7269664.3 312 |4 |7 0|1 |5 |6 |9 |11
7269527.3
5-stage Johnson counter. Presettable divide-by-n counter.
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FUNCTIONAL

HEF4019B HEF4023B
6 7 4 5 2 3 5 |1
alsa [P0 [Bo  |A1 ({B1 |A2 (B [A3 B3 2l
1 ] LD 0,16
s 2L
B 111
201 0z}9
8]l
b
12]1g 03|10
1311,
00 01 02 03 7269566
110 I 2 13 i -
 re9542s Triple 3-input NAND gate.
Quadruple 2-input multiplexer. HEF4025B
_3_[1
HEF4020B an o6
Sl
J L7
cp 2|15 0|9
10lerof T i —
I . 12-STAGE COUNTER T
Cp 2|1 0a]10
RE BT
Op |93 [04 |05 |0 |07 |Og [Og [090 011|012 [O13
7 |5 |4 |6 |3 |12 [14 |15 |1 ]2 |3 Tz8s5is
7273680.3 . .
Triple 3-input NOR gate.
14-stage binary counter.
1]CP
HEF4024B o T —
HEF4021B 2lmr 7-STAGE COUNTER —
PD —
17 |6 |5 |4 13 ha J1s |1 -
o [Pr [Pz [Ps [P+ [7s [Ps |72 0 |05 o, |05 o, Jos [og —_—
olpPL 12 11 fo 6 [5 Ja |3
D 7269531.4
L l I | | [ 1 l 7-stage binary counter.
11|%s [ so/Co
D SHIFT REGISTER 9
8-BITS
10fcp |cr HEF4027B L
Sp1
05 OS 07 10 5 0, 15
7269630.4 2 12 |3 13
CPy FF
8-bit static shift register. LTSN (YO Y I
Cp1
12 |
HEF4022B 7
1
=5 S
cp D2
13/CPy 8 2 02 !
— 4-STAGE JOHNSON COUNTER
141CPo l ] 3L cpy e
15[MR l I l [ l 5 5L 1k, Oa}—2
DECODING AND OUTPUT CIRCUITRY ]LE Co2
4 ]
190 o1 [05 Jog [04 [0s [06 [0y
7269665.2 |2 |1 '3 7 I‘H ]4 5 I10 7269532.1
4-stage divide-by-8 Johnson counter. Dual JK flip-flop.
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DIAGRAMS

HEF4028B HEF40298
10 |13 12 |1 |4 2 |13 |3
Ao |A1 [A7 |A3 [Po [P [P2 [Ps
’—PL*—I PARALLEL LOAD CIRCUITRY
DECODER 1s4cp l l l l
5 [ce Co/Sp
Og 101 |92 |03 |04 |95 [O6 |97 |98 |99 9 | BIN/BEC COUNTER TC
3 |14 ]2 5|1 |6 |7 |4 |9 |5 wolurron
7273681.1
1-0f-10 decoder. 0p 07 |0 |o3
6 1 14
7273683.2
Synchronous up/down counter,
binary/decade counter.
HEF4030B HEF4031B
10
T A/B
L 0
LZ)D_‘l 15|0A
. O63
% b ofu 5 64 - STAGE
= il bt} STATIC SHIFT | _
8fls o 2fce REGISTER O63
— 3 10
co
12|
— (o)
7269534.2
Taome 64-stage static shift register.
Quadruple EXCLUSIVE-OR gate.
HEF4035B
19 10 |11 12
[P0 Py [P2 IP3
72 PE PARALLEL ENABLE CIRCUITRY
4]y
3]K
6lcP 20 Dy D D3
5|mR ¢ SHIFT REGISTER 4-BITS
Cp
t ]
1
27/e TRUE / COMPLEMENT CIRCUITRY
% IOI o) O3
7269535.3 1 s 14 13

4-bit universal shift register.
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FUNCTIONAL

HEF4040B HEF40428
104CPaI T 4|Do o ol%l2
y 12-STAGE COUNTER EF
ufwaf e |5
P I
Op {01 [0p |03 [04 |05 |Og |O7 ]03 109 019 [0\1
7 16 15 3 12 & [13 D2 e 15 |1
72696363
. D 0,
12-stage binary counter. 7f ijio
FF
1|9
HEF40418B | 5
1 > 12
o—4=—
13|02 9211
_Dﬁr_
FF
H 75 s
_ 2[12
6]'2 ‘|> O2|s
_D._QZ_‘L 14|03 044
_ . L | FF
1of's {>°&i if)Do_ 4 |%ahs
6[Eq
o
_.{>—3_8_ 7269550.3
13]'a O4l12 Quadruple D-latch.
l'> —
—
o, —
_,D__'%_u Quadruple true/complement —
buffer. -
72754221
HEF4043B HEF4044B
4{so 350,
| %]|2 _ | | %13
3|Ro 4{Ro
6|51 Y514
| | O]9 _ ] O4]o
7|R1 .5___°R1
3.STATE 3-STATE
1ls2 OUTPUTS 1l5 OUTPUTS
| %210 _ || %2]10
1|R2 12{R2 i
183 18]53
- 031 = - O34
15”3 14JR3
S5le0 0000 | S50 000 ]

7273687.3

Quadruple R/S latch with 3-state outputs.

7273689.3

Quadruple R/S latch with 3-state outputs.
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FUNCTIONAL
DIAGRAMS

I

HEF4046B
PHASE
COMPARATOR 1
SIGN,y _L.D_. 2| PCrout
coMP F):) > e
- 2 13 .~
L L— PHASE | [ [pc20ut
N COMPARATOR 2 , R3
[ 1] PCPOUT
C<o\veoour|a o|veoiy LOW-PASS
T 1 FILTER
cials 2
c 'LT cigly SOURCE 10{SFout T
vCo FOLLOWER Vgs
R1_ Ryf1s Rgr
Vss
INH—2 l
Vss <—-ﬂi— ZENER
7273691.2
Phase-locked loop.
'HEF4047B
Rt
1
_l_ct
3 1|2
RCrc Crc|Rc
13
OSCILLATOR
OUTPUT
5 | ASTABLE
AZTTZLE RETRIGGER | RETRIGGER |12
4| ASTABLE R
19O CcoNTROL ASTABLE CONTROL
MULTI-
t 4
a VIBRATOR ol
6 |-TRIGGE __l >_____
T 9] MONOSTABLE | Fﬁst’:g‘:"
8|+TRIGGER | CONTROL (22) 5l
. -Do—-—-__
MR
]t MRS
72745581
Monostable/astable multivibrator.
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S

HEF4049B HEF40508
3l Qi a3y Ofz
5| ! sih 1 P
s Nsls s N ols
9fl 0.{10 9]l 9|10
1]l Os}12 1]l Og}12
1t)1s Og}15 JALS Og)15

T269558 e
Hex inverting buffers. Hex non-inverting buffers.
HEF4051B
16
Voo
A

11]A0 | | I Y114

| | Yo 15

10A1 ] | IV3 12

LoGIC
LEVEL 1—-of-8 Y4_1—
CONVERSION DECODER
9|A2 - l IYs 15
l lYe 2
3 Y;
SiEy - 714
z|3
L1
Vss VEE
8 7 7269537.4

8-channel analogue multiplexer/demultiplexer.
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FUNCTIONAL
DIAGRAMS

‘1oxa|dinjnwapy/saxadininw anbojeue jauueyd-¢ |enQg

“1axa|di3nwap/sexajdi|nw anbojeue jpuueyd-z djdii L L = 3
33, SSp
€lgz 4
v 6£5692L L 8 )
EEP SSh |
— N
| Z|ez,
S1004
—— o——
39
| I EDY OMJI
GEDN
- ED
] g6 A 4300230 NOISYIANOD
| ol 1aAnm
AEN NOISY3ANOD L aimon | MV[°
4300030 13A _
21907 T1[VEr
EIR Bl 8s|ot
M ER Sifve, Oy|O!
Zi[vox — CAm I_ T
Us|tt PI[Vix
T Vix .
Zi[vox
vi[vz [ L ]
aay ELvz aa
ol 9
g€50v43H g250v43H

October 1980} (




FUNCTIONAL

HEF40598
3 14 |5 |6 22 |21 {20 |19 18 |17 |16 |15 10 |9 |8 |7 1284361
d1 92 Y3 |Ma Is 46 [17 |8 g ProfHijh2 913 [114 15 [J1e
I preset enable
PRESETTABLE LOGIC ha
'S WS U SN WP SR WN— SN S SEpI SI—p—" W S S Sy ——
— —t— — — —p—— - — — — ——— — — | — —--4—-—‘
»—-—-——————-———-———-————-————-—-—-—————-——-i——-t———l
2K ] v Yy v v ¥ Yy v |
1 T 1 T
1st INTERMEDIATE COUNTING SECTION 5th
1]cP COUNTING COUNTING
*l  section [ ] secTion
+10,8,5,4,2 =10 +10 +10 +1,2,2,4,8
1
»| DETECTION e :
] ————— —d]
y
14 Ka
K P
13| Kb MODE R RESET ' OUTPUT
11]Kc| SELECTION ENABLE STAGE =
v Y L
DD sS EL o
foa Ti2 23 —
Programmable divide-by-n counter. e
—_—
HEF4060B
10 lo
Ryc Crc
11|Rs
cp 14 —STAGE BINARY COUNTER
"——{CD
12|MR
03 [04 |05 |0g |07 |0g |0g |01 047 [O43
7 15 |4 |6 |14 |13 [15 |7 |2 |3
7284437
14-stage ripple-carry binary counter/divider and oscillator.
HEF4066B
lis |1 s la J6 |8 |2 |n
Ep |Yo [E1 |Y1 |[E2 |Y2 |E3 |Y3
Z0 Z1 22 23
'2 3 lg |1o
7269571.2
Quadruple bilateral switches.
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FUNCTIONAL

HEF4067B HEF4068B HEF4069UB
2010
Yolo 3L 1n D 0:]2
. —] O—}=
10]A0 Yqls [
v 5113
Y. _
Yo7 M Doi—”— al N oo s
| Yale 10 1s
11|~ : Yals 1] 16
s s, sl oole
I Ye[3
A | 12 -
141A2 i Y72 9|k D ALY
| Y823 8-input NAND gate.
| Yg|22 _
1-0f-16 | Y—Q— 1]1s 55|10
A DECODER 1021 H 0
13173 ! oo HEF4070B
| Y11}20
! Y12]19 13]1s G612
i o a1y o = o=
| 1318 3 I)D;i
t Mial17 7]
| Vis|te. 5] . e
i:)D-—- Hex inverter;
211 ol unbuffered.
'S
‘. D2
AS{E ]
12
—7eeen - Quadruple EXCLUSIVE-OR
16-channel analogue 1289509 gate.
multiplexer/demultiplexer.
— HEF4072B
—
—
— HEF4071B 2[4
— 3] I
= 0.
— y i 13 il 1_
L
5 10]Ts o HEF4076B
?_—_D—L ln o
] T2l
7jce
° e
- . 140 Oofs.
E,:7D ; Dual 4-input OR gate. 13/ FE1 01la
13] Is .
=] Quadruple 2-input 12|02 ;04 O2]s
E 215
— OR gate 11|D3 03¢
HEF4073B HEF4075B
alh afn -
Py I ole AR orfe 2[E0g
sln Sils —
kR I, 1 Iy 10| ED,
2|1 O2{9 2]ls O2}9 15]|MR
8lls 81l EO
njn 1l B ]
12|Ts \ 03f10 12{1s 0310 ) e
wlle L B ?[Eon
- 1 7272867.2

7273698

Triple 3-input AND gate.

7273700

Triple 3-input OR gate.

Quadruple D-type register
with 3-state outputs.
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FUNCTIONAL
)l DIAGRAMS

HEF40778 HEF40788 HEF4081B HEF4082B

s o 2 1] \ 2
] = N Sl
51A; o 3] s 4 3] X“
e)] Do 3 nmiP=t i
] xd ] 1: 02413
%;:B)Dooj_@ :_21 1 %:D_w 2T
12 A, ouf 11 — 2|1 ; 1269570
LE)D*— . EKD"* Dual 4-input AND
8-input NOR gate. gate.
Quadruple EXCLUSIVE-NOR gate. Quadruple 2-input AND gate.
HEF4085B HEF40868B HEF4093B
_1]A0 1]
_2lA 2]
_12]A2 5]
TnAs Pl 8
_104As 8
DS N :
] L 12 —
ow s R
_8]82 08 |4 E‘F_u_'
_9]B3 — 10}]'8
AnBe 1]l |>
Dual 2-wide 2-input —
AND-OR-INVERT gate.
4-wide 2-input
AND-OR-INVERT gate.
HEF40948 0 gate
2]o
8-STAGE SHIFT o¢|10
3]cP REGISTER 7273704.2
O] o Quadruple 2-input NAND
l IT l | ‘ I i B Schmitt trigger.
1 1stR 8-BIT STORAGE
REGISTER
154E0 3-STATE OUTPUTS
0|04 |02 03 |04 |05 |06 |07

4 15 16 17 11413112111
72746141

8-stage shift-and-store
bus register.
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FUNCTIONAL
DIAGRAMS

HEF4104B HEF4502B
4]'o IN_%o0]3
0
__Do_&l
s|" ? %16
0
Jiises
'z LEVEL O2]10
CONVERTER
L?oé_zz
12]'3 °3l§ 727563722
Quadruple low-to-high  gyroped hex inverter/buffer.
5 voltage translator
- o314 with 3-state outputs.
15 |EO
64-bit, 1-bit per word random
TETasTA HEF4505B access read/write memory.
—
—_—
p—t
—_—
— 1
— _
—_— 1140
A1 ROW  |— 8x8 MEMORY
3]A, DECODER |— CELL ARRAY
—a
-—
L
sfor t 1111 1111
A
6{CE COLUMN .
8]cEs READ/ | MULTIPLEXER MULTIPLEXER F—  pecoper As |12
WRITE
CONTROL
9lR/W b )
13|Oin paTA | | | READ/WRITE READ/WRITE
BUFFER CIRCUIT CIRCUIT
o<} Aals
D
10{Pout
7274630.2
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FUNCTIONAL

HEF4508B HEF4510B
4 12 113 |3
Po IPy |P2 |P3
D 0,
4 DQA OOA 3 Pt PARALLEL LOAD CIRCUITRY
6 D“‘ LATCH 1A l [ I I
[
8|02a 1104 2419
10|03a O3a |11 1fcp Sp/Cp
5 |CE
2|STa ——— UP/DOWN Tcl 7
101 UP/DN COUNTER
9 |mR .
Ogs 17 Og |07 [0 |03
o 6 1n ha |2
LATCH 015 19 72737185.2
Tt04 28421 BCD up/down counter.
O3p |23
7274605.2
Dual 4-bit latch. HEF4512B
112 13 |4 |5 |6 |7 |9
HEF4511B o [ |'2 ['3 '4|'5 [‘6 I7
s
7 1 2 6 111°0
D D| 12)S —
_ A I e ) 2 s1 MULTIPLEXER —_—
—
i&ol LATCHES 81°2 —
—
—
[T T ] LlE -
iﬂo[ DECODER
-:’—"—Tol DRIVERS 15 |Eo [:
Og [Of |Oe }Od |Oc |Ob |Oa [o]
14 J15 [9 T1o]11 12113 T1a 72728703

7273717.2

BCD to 7-segment latch/decoder/driver.

8-input multiplexer with 3-state cutput.

HEF4514B
2 3 21 |22
Ao |A1 [R2 |A3
1EL LATCHES
2B o DECODER
[0 |01 oz o3 |04 |05 [os [07 0g [0g Jo10 011[012]013[014[015
i Je Two s |7 |6 s [a T8 |17 |20 19 |14 [13 16 |15

7269540.3

1-of-16 decoder/demultiplexer with input latches.

October 1980
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FUNCTIONAL
DIAGRAMS

HEF45158
2 3 21 |22
Ag 1A [A2 (A3
LEL LATCHES
BYE ) DECODER
Tﬁo Tal Tﬁz Taa T54 T‘_’s T5s T57 Tas T59 Tﬁ 10T513512T513T514%15
T fo o fs |7 f6 |5 J4 Tis T17 |20 |19 14 13 16 |15
i . 7284275
1-o0f-16 decoder/demultiplexer with input latches.
HEF45168 HEF45178B
4 12 13 (3
Po [Pr P2 [P3
1 |rL 7{%a ry
——-{ PARALLEL LOAD CIRCUITRY l . 1 64-BIT STATIC SHIFT REGISTER
4
l l ] I A_Jcp 016/D17 035/D33 043/Ds9  Oga
15| cpP Sp/C PE/EQ i
— D™D —?‘-_/i‘\-L INPUT /3 - STATE - OUTPUT CIRCUITRY
5 |CE —
—— UP/DOWN Tcl 7 I Oganls
1ojup/ON COUNTER Oaga |2
| I— -1 Y b
9 [mr ¢ O32a |6
Owalr
0 [0, o, fo3 o|og
6 111 114 12 rzremsa > Dy 64-BIT STATIC SHIFT REGISTER
12078 1cP 044/Dy7 O39/D33 O4g/Dag O
. c 16/P17 032/D33
Binary up/down counter. f 1 “t A 54
PE/EO
l‘iﬁ——"{ INPUT/3-STATE - OUTPUT CIRCUITRY
[ Oeasin
Oqgp J14
O328 |10
O168 |15
HEF4518B
7Z74569.1
0oal3 Dual 64-bit static shift register.
1]CPoA
01a]4
%CHA 02als HEF4519B
03al6 6 |7 |4 |5 [2 |3 B |1
5 MRa T Ao [Bo |A1 [B1 |A2 [B2 |A3 [B3
9 |Sa
olcPos 98|11 "
9 owslhe ulss ULTIPLEXER
10|CP18 02813 I T T T
03814
INH OUTPUTS ]
15|MRg ]
Og 04 02 O3
7269556.1 7269528.3 10 n 12 13

Dual BCD counter.

Quadruple 2-input multiplexer.
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FUNCTIONAL
DIAGRAMS

HEF45208B

Ooal3
1|CPoa
i O1al4
2[Cha 02als

O3ale
7|MRa T

Oog |11
iCPOB

01812
104CP1B 02813

O3B{14
15|MRg |

7269556.1

Dual binary counter.

24-stage frequency divider.

HEF4521B
15 4 |2 1o
Voo’ 0, MR )
]
B cp
STAGES 1108
o o
3 |Vss 8
]
I cp
STAGES 910 16
L lcp 016
]
— cp
STAGES 17 to 24
L{cp
Ll_\_‘ !
—__/
024]018[019[020|021 (022|023 04
7274862.1 11 To 11 Tiz2 T3 ha Tis 7
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FUNCTIONAL
DIAGRAMS

HEF45228 HEF4526B
3 5 11 |4 |2 3 5 |11 ]14 |2
PL [Po |P1 [P2 IP3 PL Po [P1 |P2 |P3
PARALLEL LOAD PARALLEL LOAD
CIRCUITRY CIRCUITRY
8|0 Y 8]%o /5
BCD BINARY
—_ cpP . cP N
e DOWN e pow
B COUNTER =l COUNTER
Cp o
O3]1 031
02[15 02|15
O1}9 01]9
10|MR ool>  19jMR e
2ERO Tcl12 ZERO Tcl12
13lcF DETECTOR 13lcr DETECTOR
7274612.2 7284109.1
Programmable 4-bit BCD down counter. Programmable 4-bit binary down-counter.
HEF45278B HEF4528B
10 |12 |4 15 |2 |3
| STR |CAS [Sa |Sg IS¢ |S RC
3(ce A |8 [°C |D “f‘ TCA
alpL i
] [ Crca |
RATE SELECTOR 5 n Oale
13cL 0 ™ s 5l'oa
COUNTER L$ =
Tcl1 A Oal7
11|CE TCcl7
3|Coa |
7284386 14] RCyce
15}
BCD rate multiplier. Crcs ]
_ OgJ10
11]'oB
12] E ) _
18 Og|9
HEF4531B
7 16 |5 |4 |3 |2 |1 |15 |14 |13 12 j1 |10 13{Coe
to I [t2 |ts Jta Jts [16 |7 Jis [te ]‘10 M1 |42 72823361

O is HIGH if any odd number of inputs is HIGH

]o

le

13-input parity checker/generator.

7274619.1

Dual monostable multivibrator.
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FUNCTIONAL
DIAGRAMS

HEF4532B
5]Fin Eoutf15
Gs|1a

all7 [ enable
3l'e O2]6
2]'s
1]1a °

PRIORITY 1] 7
13113 ENCODER
12] 12 o
1nfh 019
10} lo

8-input priority encoder.

72763711
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FUNCTIONAL
DIAGRAMS

HEF4534B
Cext2 Cext1 OER MRy CPS
GpE —] PuLse ONE
SHAPER [ L————10| SsHOT PULSE
ERROR

DETECTOR
oA PULSE L onE o—r cD PULSE
— HAPER _
SHAPER SHOT S 05
|
MR

[co cp I Y&
| SCANNER
I l - 0sg
1 [
co P 0 =
0, -
OUTPUT
! o,|{controL| MUX D—— 0s,
l— o1 05 L.
Sp —9 I
CARRY CONTROL — os,
1l |
P
o oy —ﬁ
0q » — 0S3
1 MUX
0 0,
D2 03
.——l >—1— os
J [ T_J 4
e ° 0p | |
0 e o]
102 ! MUX EO
02
D3 03
] L O
CARRY CONTROL
S
r
3
0, }—
co 0 B N o,
[e] e
103 ! MUX |
0
Da 03
l I 1 >—— 02
oo L
o -
104 ! MUX
02
D5 0, D—— 03
TC 7274603.1

Real time 5-decade counter.
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FUNCTIONAL

HEF4538B HEF45398
6 |5 |4 [3 |14 [10 |1t {12 |13
2[RStca toaft1a[12a[134 [So [S1_[i08 [118 [i28]138
1
Crca ] MULTIPLEXER MULTIPLEXER
_ Oale
s5]loa - 4
4] = T1EA Eg 15
A Oal7
3(Coa l Op Og
14|RCycB I7 ls 7269543.3
5 D . .
15] ual 4-input multiplexer.
Crce ] P P
_ 9gl10
1}'os
1 Ei ), = HEF4541B
- 0
1 B|9
18 3 |2 |1 12 13 |10
RS C1c RTc  |Aop |A1 |MODE
13/Co8
7282336.1
Dual precision monostable
multivibrator. cp control inputs
5|AR OuUTPUT | Of8
_5]AR| BINARY
POWER-ON Co COUNTER [ | sTaGe
6[{MR
9|PH
o—
—_—
7283068.2 —
. —
Programmable timer. —_—
—
HEF4543B HEF4555B HEF45568
|5 I3 |2 |4
IDA IDB IDC ]DD
1{Lo o =5
— LATCHES 0A |4 OpA| 4
A A o—1—
2 0A 01als 2 0A O1als
7|81 - ] l l 1 DECODER o DECODER Sanle
R DECODER 3|A1a 02A & 3|A1a 22416
3A 0
|EERRRREERI : o=
6{PH
5] | _ _
DRIVERS 1 Ea E 1]Ea
IOQ lof loeTod]Bc O |9,
[o] (¢]
TialisTializ i fo o A 08|12 A 00812
7272880.2 14f o8 O4g |11 141 708 :6|B 1
ODER 0 DECODER B28l0
. DEC
oot ol mlo gl posl
ch/decoder/driver. 0
389 023819
15| E 15| Es
7269544.2 7285106
Dual 1-of-4 decoder/ Dual 1-of-4 decoder/
demultiplexer. demultiplexer.
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FUNCTIONAL
DIAGRAMS

HEF4557B HEF4585B
9 3 12 13 [14 |15 |1 |2
A/B MR L3gltiglls |Lg |Lo [L
32|lie|ls |La L2 |Ly 10]Aq
7|PA Cp 1189
of10
D SHIFT REGISTER 71 A4
o _
6|Ps cp 64-BITS of1 9f 8, 0a>g|13
5 [P 2|Ay
_ 1|8 Oa=8(3
4 |cpg 2 AZ8B
15| A3
7272875.2
14| B3 Oa <12
1-t0-16 bit variable length shift register. 4lia>s
5/la<B
6lla=8
HEF47208B; V
15 7272885.2
Voo . .
A 4-bit magnitude
2[4, o comparator.
3[az] weur peo X fed 1618 P
213 surrers DECODER MATRIX
N 1
- i DECODER
10[Ae] INPUT ol
11]A, | BUFFERS xgﬁ,%/
CIRCUIT
OUTPUT
[ BUFFER
15w _
INPUT CHIP o014
2|0 surFer | | setect [
?C_S Vss
s T8 s
256-bit, 1-bit per word RAM. HEF4731B; V
D
91 -A 64-BIT Og3a |1t
3 STATIC SHIFT
HEF4724B 10]%Pa o REGISTER
12| O
64-BIT
| 0, o
1120 ] 044 13} s STATIC SHIFT 63818
. %ls o REGISTER
2|A1] 1-of-8 | O2]6 5
A DECODER : 03] 6] YC 64-BIT 0e3c |1
3|Az - 8 oals 5| e STATIC SHIFT
[ |LATCHES 4= REGISTER
‘ Os]10
1]E l Og 11 4] % 64-8IT o
:g CL 97]12 a| ey | sTATICSHIET 63012
D REGISTER
7Z273721.2 7274633.1
8-bit addressable latch. Quadruple 64-bit static shift register.
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FUNCTIONAL
DIAGRAMS

HEF47378B; V

s s I7 |8

o, O, co, 05

| [ I I |

12 PL

13| MR

wlce] o1 D2 D3 D4 D5
- -
=10 +10 +10 +10 2
slt
B2 B2 1x B2 |
LATCHES LATCHES LATCHES LATCHES LATCH
t I I 1 l
15{Sa
S
1748 MULTIPLEXER
16}Sc
11]€0
Vss Voo O 0, 0, 03
Tt o 4 2 3 |18 T2es202 3

Quadruple static decade counter.
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FUNCTIONAL
DIAGRAMS

‘adeysa1ul sng 3331/031

]
8

o
I
=

0
=
=3

|

3
a

|

]
]

I}
£

|

~
=]

R0 ddO0 €40 ZdO AQl 2010 N3Y|
€€ s| o] ¢ v 2z 8z
* 4 £d  2d 20|
¥v310 301A30 a1 ous ot Qus0
1104 1377v4vd 1v207/3L0W3 1S3ND3Y 30IA¥3S  SDY =1+ souo
20s'120 uod'g)
e
13 010 © 1010
vd'Odd I z 1 URIT) svds
"Ndd’ Qdd" 3dd | 0N'VIN
11 5 €
Qds{S T
11 € '3dS'V10 y
¥'uol INNVIN VIN VIN'VIN uor
2 ocr PIITOVOVDOLYL
] s
$5726AR338338833 ™
ds dsQ
&
a LY
NOSI¥VAWOO SS3HAAY ¥aNaisn ¥aNIVL 3
A
ONIG0D3a IOVSSIN ,any \ I il
and N
/ \
/ \
9 [2 G e = Y ——————
LR // \\
sv|vv[evfev|iv \ yd
anv ,
Qnn  IIVHSANVH INVHSANVH
5222 2¢88~7 4014300V 328N0S = equl
PO HIISIO3H L4IHS A41LNIQI - B -
P® Ova ady Ava
Aps Ava 2va 3y
se| ve| o ABELVAIH w| ol e a| o £ 3 v
630 90 pesQ 51 Api| PAPO VO G4HO AVQI Avao aval a3yl
N8ELY43H

October 198(“




FUNCTIONAL
DIAGRAMS

ELYPBZL

Anda1d jeusdIxa,

Ao

*19z1S8YyluAs Asuanbaiy

r N piepuels |eisAid
. p P aap 4 “ 4
L, I L. 1 T
UU = Y5 Vy [¢55) =85 43PIAIP 33UB43}3L E
sindui buiwwesboud
A
r N\
h H 0z 8. 9L € Il
6L | st ]Stz ot
L S 9 z| cz] e} 1] sz 9z 124 X4 34 [44
21 voL vul| sais|aow|eo1] A| wlino| Bv Oy lgn Osn|  vix 250
X
HOLVINAOW ﬁ ﬁ
3SVYHd : vy ﬁ '
12d .
21907 21901
(3dAL G1OH B 31dWVS)
NIWWYHO
8llod| wOLVEVANOD 3SWHA ONINAVHO0Hd ° oud
HOLIMS
Son-nN |+ zod ¢ 001 10 4334n8 B
3 U P 4 HOLVHVJIW0D — ¥Z0L01 | + j+— onze HO1v1110S0
294 | HOLIMS [e— ISVHd ) 30N3Y333Y
SOW-d _
[2
10 aay  ssp
8z| vi|

AOSLY43H
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FUNCTIONAL
DIAGRAMS

HEF4751Vv
4 3 |2 |1 15 11 J10]9 I8 |7 |6 |s 13 12
Ao|Ar[A2]As si 0Dy { | - PC PE
_ } p
1680 PROGRAMME DECODER
17184 SUBTRACTOR ‘1\; PROGRAMME
18|82 C j - COUNTER
B D s} d r
19153 CARRY FF sub L ?
J *’ZJ I IR o
______ L d dy dy dg4 dg d | loa
ra r o dy dp d3 dg dg dg pulses
y de I dg dg
i |
] _
Tew | ! "1t
| LATCH LATCH LATCH
I
LATCH ! s M H
________ [ O ] L]
IN !
20 COy, _;_.I Cc1 c2 c3 ca OFs
PRESCALER | |
| ——| > . > .
21JO5Y 1 +12,510/11 fedd #nmg/nmett +10 M *H
1
1 OFF
: Ll gl
o ° T
ST re =T TCH
RS RS4  Late
switches : ng
d
3ya
S )
— T
OFB | LATCH
24 3 RS3 1
1 N3
1l
d
2},
by vy +
OFB | LATCH .
23 2 -
RS2 1o,
ra
4
OFB Ri
221" 1 RS1  |e RSO |+ RSH
_______ R B -7 S—
LATCH LATCH L] vLaTcH
n d n
m ‘_d‘ dE’ 0 6] h
Voo Vss
[28 ,14 7284471

Universal divider.
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FUNCTIONAL

HEF4753B
9 18
PREDIVIDERS Vss Voo
171CP { 16:1 [16:1 lw;x
16:1 256:1 4096:1
w |16
MULTIPLEXER <15
[ )
L’ SYNCHRONIZATION EVENT 8-BIT
1alin AND | FLP-  |e—] PROGRAMMABLE
EDGE-DETECTION FLOPS COUNTER
Y 4
ELFC I ‘—J 1 T
12|Y MODE SWITCH
l'; OUTPUT MULTIPLEXER
1112
out Als |c|o e |F |6 |n
10 1 ]2 |3 5 |6 8
7283573
Universal timer module.
HEF4754V
27 | Vref max
—
A1 e
[ =
—
0217 —
R1 918
O4]9
P Os | 10
I
[ Og | 11
:D—— 07112
R1 LATCH Og |13
26 | Vref min AND Og |14
DIVIDER
25 | Ve CIRCUITRY 10118
o
11} 16
Voo
h 01217
()
‘LH' y 01318
11—+ o OSCILLATOR |—cp O14{19
=+ o
= 15 | 20
Ll O16 | 21
vss 1 0
1 17] 22
"2 MODE 01823
2113 SELECTOR ogr | 24

7285217

18-element bargraph LCD driver.
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FUNCTIONAL
DIAGRAMS

HEF4755V

!

pu—

(1)
START
CODE

RECOGNITION

REDUNDANCY

BYTE

CALCULATOR

&

CHECKER

m
2
TTO, TT1 2 +
RX, TR, AS——~ BIT CHECK
START, 3 CONTROL
CLK, R } # 2
BUSY 3
Dg,s EhR} 7 STATUS }
HD REGISTER ]
MLO, ML1 2 2
DIOO <:I> ::> SHIFT
to 8 REGISTER
D
107 FOR
FORMAT
PROTECTION
M grarT &
CODE CHECKING
Vop— GENERATOR
s t I
TST —

(1) Only used in the asynchronous mode.

7284756

Transceiver for serial data communication.

Mi

MO
MOS
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FUNCTIONAL

DIAGRAMS

HEF40097B
21h N 93
all2 { Osls
6ll3 { O3l7
|50
14]'s Osl13

7
12l's | N %|n
1_5_02-‘:{‘_4:'

7275394.1

3-state hex non-inverting

HEF40098B HEF40106B
214 D‘F 943
' 012
VY N s
4l'2 j'>° O2]s |
3]'2 02]a
e s o
6|'3 o 93|57
I? 5 'ai e icoa 6
10]'s 1l> O4]9
- [T

>
&
o
o
w

s

(o]
o

o]

7274608.1

Hex Schmitt trigger.

J;m!mw

7284403

3-state hex inverting

buffer. buffer.
—
—
—
—_—
—
—
—
HEF40160B
3 4 5 6
Po |P1 P2 |P3
9 | PE
—f———] PARALLEL LOAD CIRCUITRY
10JCET
7
7]cep )
2 |cp INH TC E
CP  DECADE COUNTER
———p
1{MR
9% |9 ) O3
14 13 12 1" 7275109.2
4-bit synchronous decade counter
with asynchronous reset.
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FUNCTIONAL
DIAGRAMS

HEF40161B
3 4 5 6
Po |P1 (P2 [P3
A o pARALLEL LOAD CIRCUITRY
10]CET
7]cep =
2|cp INH Tc|15
CP BINARY COUNTER
—A——Cp
1[MR
0p |01 |0, o,
1w 113 2 In 7285115
4-bit synchronous binary counter
with asynchronous reset.
HEF40162B
3 4 5 6
Po [P |P2 |P3
e raRaLLEL LOAD CIRCUITRY
-t
i[SR
10fCET
— 7]cep
—_ 2 | inH P cis
— CP  DECADE COUNTER
—_—
—
09 |0y |°2 J°3
14 13 112 IH 72751102
4-bit synchronous decade counter
with synchronous reset.
HEF40163B
3 4 5 6
Po |P1 |P2 |P3
9 {Pe 0| PARALLEL LOAD CIRCUITRY
w3 o
1|58
10]ceT
7]cep =
INH TCl15
2]cp N 15
CP  BINARY COUNTER
op oy [o, Jos
14 13 h2 In 7285116
4-bit synchronous binary counter-
with synchronous reset.
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FUNCTIONAL

) k DIAGRAMS

HEF40174B
3 4 6 1 13 14
Do D, D, D3 Da Dg
‘40 ok Y == mihm  H -
Fe( | | FF FF | FF i | eF
reP 2 5 4 5 6
Cp
sle| 7§ 7 if 1 1 T
_ 1 1 1 1 1
[ MR ) 0 0 03 O4 s
7273706.2 2 5 7 10 12 15‘
Hex D-type flip-flop.
HEF40175B
4 5 12 13
Do Dy Dy D3
L1b Q_T L] U L L]
_1op FF FF FF | FF
Py M 2 r 3 4
(o] = m =
Cp
9|cp T T T —_—
)| i 1 ponsnenrd
1|MR 0| {0g 0,1 |04 0, |0g 03( |03 —_—
—
7273708.2 3 2 6 7 1 10 14| |1,5
Quadruple D-type flip-flop.
HEF40192B HEF40193B
15 |1 Jio |e 15 |1 o e
Po |P1 [P2 [P3 Po [P1 [P2 [P3
1| L | PARALLEL LOAD 11|PC | PARALLEL LOAD
-1 ° CIRCUITRY CIRCUITRY
o [ T 1 cp [ T T 1T
Co’S, Py [Co/sp . T
50V 1 Cp/Sp TCylt2 5170 { Cp/Sp TCylia
4| CPp UP/DOWN . 4|CPp UP/DOWN
COUNTER Tc COUNTER TC
1MR_ | D113 1a]me_|o DJ13
—+—C D
Op |01 |02 |03 09 [0, o, Jos
3 |2 |6 3 |2 |6
7269546.3 7269546.3
4-bit up/down decade counter. 4-bit up/down binary counter.
67
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FUNCTIONAL
DIAGRAMS

HEF401948
a 2 345 (e |7
Dsr [Po |P1 [P2 [P3 [Dsi
9|50
s CONTROL LOGIC
1051
njce  [b5 04
ViR FF1to FF4
MR
4-bit bidirecti i i ister.
log Jo; Jo, Joa bidirectional universal shift register

72742522 |15 |14 3 |2

4 5 6 |z
P P P; P.
0 1 2 | HEF401958
PE . 0| PARALLEL ENABLE CIRCUITRY
2]
3|K
10fce CPDO D, D, D3
1]MR SHIFT REGISTER 4-BITS
olcp
4-bit universal
0 0, 0, o4 |03 shift register.
15 14 13 2] |11
7269826.3
HEF402408 |, D" oat s HEF40244B 2| tan oa1ls
4]'a2 0a2 |16 al'a2 N %az]is
1 5
6] 'a3 Oa3 |14 6] 'a3 0a3 |14
g|'aa DOOM 12 8] 'ad N 9A4]12
1]E0a 4 1]ECa 1{
1_1‘ 'B1 D %819 1] 's1 O81] 9
_ ’__f
13] 's2 Og2]7 13] '82 Og2|7
<] i< B
15] 's3 Dc O3] 5 15 's3 O3] s
) )
17{ 's4 Dc Og4| 3 17] '8a N 984f3
19| ECg (] 19] E0g (s
7286699 7283579.1
Octal buffers with 3-state outputs. Octal buffers with 3-state outputs.
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FUNCTIONAL
DIAGRAMS

HEF40245B HEF40373B
R T O)— 3 [P0 ] | %],
4|0 - - O1ls
7102 0,
1 |DR | | - 216
8|03 93]9
13104 ] LATCH [~ 3-STATE 0al1a
A 8 L | 1w8 || ouTpuTs
2 |Ao J|> olis 14]05 | ] 05|15
3 17|06 Og|16
*—4—— 18{D7 || - 07119
| S
3|A N B1]17 mwe T
<4 1|E6
j 7283575
a A2 N B, |16 Octal transparent latch with 3-state outputs.
<8
|
5 |A3 Bal1s , HEF40374B
<| 3P0 || O] 2
| 440y ] O1]s
6”4 P> 8414 710, | 0,]6
t 8|03 O3]9
FF1 1 3-sTATE
‘4— 13/04 © | | outeurs | Caf12
| G 14]Ds el 915
7|%s Jl> 8513 17{P u 616
t 1807 - 97|19
*<|“J 11]cp
L3 me 4 |
e |26 . 86|12 1|EC
f 7283577
;] Octal D-type flip-flop with 3-state outputs.
9 & N e
<8
L1

7283581

Octal bus transceiver with
3-state outputs.
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PIN DESIGNATIONS






PIN

K DESIGNATIONS

1] [3] [iz] [7] [io] [3] [®
Vop Ig Is Ia 0, 03 Iy
HEF4000B
nc. nc Iy I, I3 04 Vsg
T 12l 18] 1a] 15] 18] 7
7273672
1] [13] [iz] [11] [io] [9] [®
Voo I I3 O4 O3 Ig Is
HEF4001UB
I, I, 0y Oy I3 I, Vgg
1 12] 13] & 5] 18] L7
7283059
1) [3] 2] [1] o] [e] [®
Voo O3a Ouc O3c O3 Oup O3p
HEF4006B
Da nc. CP D¢ Dg Dp Vss
T 12l 18] 1a] 5] 18] 17
7273674
18] [s] [l (3] [i2] 1] o] [
Voo B3 Cour SS SZ Sy SO Cw
HEF4008B
Ay B, A By Ay Bg Ag Vss
T 120 13] 1ol 157 1s] 7] L8
72736781
1w]_[13] [iz] [1] o] [o] [6
VDD Ig Iy OL 03 Ig 15
HEF4011UB
I, Ip Oy 0y I3 I, Vsg
T 12] 1] 1&] 151 18] 17
7283058
1] [13] (2] [11] [io] [9] [®
Vpp O, 0, CP, Cp, D2 Sp2
HEF4013B8
0, Oy CPy Cpy Dy Spy Vss
T2l 3] &] 18] 18] 12

7269481

1] [13] _[12] 1] fro] [o] [®
Voo Ie I 04 O3 Ig I
HEF40018
11 IZ 01 02 I3 IL VSS
1T 2] 13T e] Bs] 1e] 7
7269477
1] 3] _[12] [11] _fio] [o] [B
Vpp O Ig I; Ig Is nc
HEF 40028
O, Iy I, I3 I, nc Vss
1] 2] 13] lal I 6] L7
7269478
1] 3] _[12] [1] [ro] [e] [®
Voo Dp1 Dnjp3 Spz G3 Sna D
HEF4007UB
Dpz sz Gz SNZ DNZ G1 VSS
T 2] 3] 1] s e 17
) 7273676
1] [13]_[12] [11] fro] [o] [8
Vop Ig I Oy O3 Ig Ig
HEF 40118
I, I, 0 0 I3 I, Vgg
] BT el s T 17
7269479
1| |31 [12l |11] ol |9 8
Vop 02 Ig Iy Ig Is nec
HEF4012B
0y, Iy I, I3 I nc Vss
1T 2] 3] el s el 17
7269480
16] 5] [1a] [13] [12] [11] Jro] [o
Voo Ps Ps P, Og Ds CP PE
HEF4014B
P; Os O7 P3 P, Py Pgo Vss
1T 2] 13 e T el 7] 18
7269482
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PIN
DESIGNATIONS

16 (15| [14] {13 12| (11| {10{ |9

Voo Dg MRgOgg O1g O28 034 CPa
HEF4015B
CPg O3g 024 014 Ooa MRA Da Vss

1 2] 3] &) LS 6] |7 8
7269483

161 {151 (14| {13{ |12 {11] J10f |9

Voo MR CPq CPy O5.9 Og O, Og
HEF4017B
Os 01 Op O0; O O7 O3 Vss

1 2 3 4y |5 6 7 8
7269485

[16] [15] [1a] [13] [12] [17] [io] [o

Vpp A3 S 03 02 O3 Op Sa

B} HEF40198

72694871

Voo Ps Ps P, O Dsg CP PL
HEF4021B
P; Os O7 Py P, Py Pg Vss

1 2 3 4y |5 6 7 8
7269489

1] [13] [2] [i1] [io] [9] [8
Vop I Is I; O3 O2 Ig

HEF4023B

I,‘ 15 11 I2 I3 01 VSS
1 2 3 4] |5 6 7
7269491

1) _[13]_[i2] [11] [o] [s] [®
Vop Is Ig I; 03 02 I

HEF40258B

1, 15 I, I, Ij 01 Vss
1 2 3 4 5 6 7
7269493

6] _[13] [z [17] fio] [s] [®
Voo Eo B3 Y3 Z3 Z; Y,
HEF4016B

Yo Zo Zy Yy Ey Ej Vsg

11 12] 13] 1&] 15] 18] I

7269484

18] [1s] [a] [13] [2] [17] o] [s

Vop MR CP O, P, O; PL P,
HEF40188B

D P P Oy Oy O, P, Vss

2] 18] 1a] 5] 18] 17] 18

7269486

18] [15] [a] [13] [z [71] [io] [o

Vop O Og 07 Og MR CP 0
HEF4020B

Oy Oy2 013 Os O, Og O3 Vss

121 18] 1a] 151 18] 17] 18

7269488

6] [15] [1&] [13] [i2] [11] [0] [

Vpp MR CPy CP; O;-7 O, 07 nc.
HEF4022B

01 00 02 05 OG nc. 03 VSS

11 121 3] L&l 15] [6] 177 18

7269490

) [13] [iz] [11] [io] [9] [®

Vop nc. Op O; nc. O; nec

HEF4024B

€F MR Og Os O, Oj Vss

1T 2] 3] L&] 15] 18] 17

7269492

16]_[15] [a] [13] [12] [1] [io] [

Vop 01 0y CPy Cpy Ky J; Sp
HEF40278

0; 0, CP, Cpp Ky J; Spy Vss

T 12T 3] el ] (6] 17T 1o

7269494
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PIN
DESIGNATIONS

18) [15] [e] [13] [i2] 1] [io] [s [16] [15] [1a] [13] [12] [17] [i0] [9]
Vop O3 Oy Ay Ay A3 Ag O Vop CP Oz Py Py O UP/ BIN/
bo O3 Oy Ay Az A3 Ag Og 1 gr Ay
HEF4028B B) HEF40298
0, 0, O O; Og Og Og Vsg PL 03 P3 Pg CE Oy TC vgg
T B GG e ul el 3] el sl ef (2] [8
7269495 7Z73682.1
1) [13] [z} [11] o] [e] [e 6] [15] [1a] [13] 2] [17] [0] [s
Voo Ig I; O, O3 Ig Ig Vop Da nc. nc. nc. nc. A/B CO
HEF40308B HEF4031B
I, I, Oy O I3 I, Vss Dg CP nc. nc. nc Ogs O63 Vss
1T 2] 3] 1e] 15 18] 17 2] 3] e 5] sl 17T L&
7269496 72694971
16] _J1sL {1af {13] 12| J11] f10f 9 16] [15] [14] [13] f12] J11] f10] |9
Vpp O1 O2 O3 P3 P, Py Pg Vpp Op Og 07 Og MR CP 0o
HEF40358B HEF40408B
Og /€ K J MR CP PE Vsg Oy Os O, Og O3 O, Oy Vsg
1T 2] 3] e 5T 1e] 7] (8 12 13] e 5] ] 17 L&
7269498 . 7269499
1) [13] fiz] [i1] [ro] [s] [e 16]_[15] [1a] [13] [r2] [11] [10] [o
Voo I Ou Oy I3 O3 05 Vop 03 D3 D O O, Oy Oy
HEFL041B HEF40428B -
0, 0, I 0, 0; I, Vss 03 0g Op Do Eg E; Dy Vss -
1T 2] 3] 1e] 15] o] 17 2] B el 15T e] 17T (e -—
72736840 7269500
6] [5] [a] [13] [i2] 1] [io] [ 16) _[15] [1a] [13] [12] [11] [09] [s
Vop R3 S3 nc. S R, 0; O Voo §3 —R-3 00 ﬁz §2 0, 0,
HEF40438 HEFL40448B
03 OQ Ro 50 EO 51 R1 VSS 03 n.c §0 -R-Q EO —R—1 §1 VSS
A (2] 13T L] T e] 7] (8 2] BT el s 1] U] [
’ 7273686.2 72736882
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PIN
DESIGNATIONS

PCPouUT (I U
PClouT E
compy [3]
VC€OooyT [4]
inm 5]
cip 6]
c1g[7]
Vss E

15] Voo
[15] zener
[12] siGN
E PC2ouT
mi

_1—3] SFouT
__9_‘] VCOy

HEF40468B

72736901

16 15 14] 1131 |12 11 10 9
nc. Og Ig nc. Os Is 04 I4
HEF40498B

Vop Oy I} Oy I O3 I3 Vss
1T 12 3] e G ] 7] (8
7269501

6] [5] [a] [3] f2] 1] [io] [9
Voo Y2 Y1 Yo Ys Ag Ay A

HEF40518B

Y. Yo Z Y5 Y5 E Vge Vs
1 2 3 4 5 6 7 8
7269503
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J L INTRODUCTION

INTRODUCTION TO THE HE4000B FAMILY DATA SHEETS

The LOCMOS HE4000B range is a fully buffered digital integrated circuit family which meets the
Jedec-B specification. The members of this famiiy are pin-compatibie with the well-known

C-MOS 4000 and 14500 ranges. The HE family has the same advantages as conventional C-MOS cir-
cuits, plus the additional LOCMOS advantages.

LOCMOS means: Local Oxidation Complementary MOS.

The main effect of LOCMOS is a considerable reduction in the chip area required for a given function.
Also important is the reduction in stray capacitance due to the smaller contact areas - hence the higher
switching speed. Another benefit, brought about by the manufacturing process, is the self-alignment of
the source and drain diffusions. This means that tolerance margins in the diffusions are unnecessary,
thus further reducing the stray capacitances.

Advantages of C-MOS:

® |ow power dissipation - typically 10 nW per gate (static);
® wide operating supply voltage range;

® wide operating temperature range - —40 to + 85 OC;

® high d.c. fan-out;

® inputs and outputs are protected against electrostatic voltages.

In addition to these, the LOCMOS HE4000B range has:

® buffered outputs on all circuits;

® higher speed;

® higher packing density - essential for MSI/LSI;
® excellent noise immunity.

The HE family is designed with standardized output drive characteristics which, combined with relative
insensitivity to output capacitance loading, simplify system design.

Note

On page 1 of most of the device data sheets are shown a pinning diagram together with a functional
diagram. In addition to this functional diagram, a more detailed logic diagram is given, which also
shows the buffered outputs.
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BUFFERED OUTPUTS

To minimize any pattern sensitivity of propagation delay, and to standardize delay and output drive,
all HE family devices have an output buffer stage (see Fig. 1). Buffering improves the static

noise immunity because the increased voltage gain gives nearly ideal transfer characteristics and the
low output impedance gives significant improvement of the dynamic noise immunity. Significant
pulse shaping is obtained because output transitions are virtually independent of input rise and fall

times.
7273740.1
15+ — Vpp=15V
AO ==y ' Yoo output Tamb =25°C
— Vo am
\% =
51 v 104+ _VDD 10v unbuffered
B 5 ) |— C-MOoS
—— —O output
Vpp= fully buffered
2 SV LOCMOS
— 51— _—
= ‘]Ei
T 9273744 OVss
0 ;
0 5 10 15
input V| (V)
Fig. 1 Two-input NOR gate with fully buffered Fig. 2 Typical transfer characteristic
output; a typical LOCMOS circuit. showing improvement in buffered
In an unbuffered device the output would be LOCMOS device as compared with
taken from the point marked*. unbuffered C-MOS device.
6 72737411 6 7273742
. fully buffered LOCMOS
logic

level |===ge====-scecemccnn————
v)

unbuffered
4 C-MOS gate

\

1ps input

2{ [N \

0lps 1us input unbuffered

input C-MOS gate

fully buffered
" LOCMOS T
o N
0 0,2 0,4 0.6 0.8 10 08 10
time (ps) time (ps)

(a) (b)

Fig. 3 The two graphs show how the output transitions are independent of input rise time (a) and fall
time (b).
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DESIGN CONSIDERATIONS

General

Local Oxidation Complementary MOS digital integrated circuits of SSI and MSI complexity have been
hailed as the ideal logic family. A few LOCMQOS devices, such as bidirectional analogue switches, exploit
the unique feature of C-MOS technology; some take advantage of the smaller device size and higher
potential packing density to achieve true LS| compiexity, and perform logic functions that have been
availabie in TTL for may years. Therefore, it is both helpful and practical to compare the performance
of LOCMOS with that of the more familiar TTL (see table below).

LOCMOS speed is about three to six times lower than TTL or low-power Schottky (LS-TTL). Static
noise immunity and fan-out are almost ideal, supply voltage is non-critical, and the quiescent power
consumption is close to zero — several orders of magnitude lower than for any competing technology.

For dynamic noise immunity, see NOISE IMMUNITY.

standard low-power 4000 4000 4000
TTL Schottky LOCMOS LOCMOS LOCMOS
5V oV 15V
propagation delay
CL=15pF 10 ns 10 ns 40 ns 20 ns 15 ns
flip-flop clock
frequency 35 MHz 45 MHz 8 MHz 16 MHz 20 MHz
quiescent power 10 mW 2 mwW 10 nW 10 nW 10 nW
noise immunity 1V 08V 2,25V 45V 6,75V
fan-out 10 10 50 * 50 * 50 *

* Or as determined by permissible propagation delay.

Supply voltage range

LOCMOS is guaranteed to function over the unprecedented range of 3 to 15 V supply voltage. Charac-
teristics are guaranteed for 5, 10 and 15 V operation and can be extrapolated for any voltage in be-
tween. Operation below 4,5 V is not very meaningful because of the increase in delay (loss of speed),
the increase in output impedance and the loss of noise immunity. Operation above 15 V is not rec-
ommended because of high dynamic power consumption and risk of noise spikes on the power supply
exceeding the breakdown voltage (typ.>20 V), causing SCR-latch-up and destroying the device unless
the current is externally limited.

The lower limit of power supply voltage, including ripple, is determined by the required noise immunity,
propagation delay or interface to TTL. The upper limit of supply voltage, including ripple and transi-
ents, is determined by power dissipation or direct interface to other logic. The HEF4049B, HEF4050B
and HEF4104B provide level transition between TTL and LOCMOS when LOCMOS supply voltages
over 5 V are used.

Low static power consumption combined with wide supply voltage range make LOCMOS the ideal
logic family for battery-operated equipment.
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Power consumption

Under static conditions, the p-channel and the n-channel transistors are not conducting simultaneously,
thus only leakage current flows from the positive (Vpp) to the negative (Vgg) supply connection.
This leakage current is typically 0,5 nA per gate, resulting in a very attractive low power consumption
of 2,6 nW per gate (at 5 V).

Whenever a LOCMOS circuit is exercised, when data or clock inputs change, additional power is con-
sumed to charge and discharge capacitances (on-chip parasitic capacitances as well as load capacitances).
Moreover, there is a short time during the transition when both the p-channel and n-channel transistors
are partially conducting. This dynamic power consumption is obviously proportional to the frequency
at which the circuit is exercised, to the load capacitance and to the square of the supply voltage.

As shown in Fig. 4, the power consumption of a LOCMOS gate exceeds that of a low-power Schottky
gate somewhere between 500 kHz and 2 MHz of actual output frequency. Comparing the power con-
sumption of more complex devices (MSI) in various technologies may show a different result.

In any complex design, only a small fraction of the gates actually switch at the full clock frequency,
most gates operate at a much lower average rate and therefore consume much less power. A realistic
comparison of power consumption between different technologies involves a thorough analysis of the
average switching speed of each gate in the circuit.

The maximum values of the quiescent device current (Ipp) are given in the Family Specifications, the
typical dynamic power dissipation is given in the individual data sheets. The total device power dissi-
pation is the sum of the quiescent and dynamic power dissipation.

103 7273754.1
Pgate
(mW) 102 Fig. 4 Typical power dissipation per
1 gate as a function of input frequency
10 » é for several logic families.
2 >4
1 3 7 // 1 Schottky TTL
2 Standard TTL
-1 A// 3 Low-power Schottky
10 4 4 LOCMOS (Vpp =15 V)

V/ ' 5 LOCMOS (Vpp = 10 V)

v4 6 LOCMOS (Vpp =5 V)

10'37//
7/

104
102 103 104 105 10% 107 108 10°
fi(HZ)

NS
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Additional power consumption (due to slow input rise and fall times)

As long as the input voltage of a LOCMOS circuit is below the N-transistor threshold voltage, or higher
than the supply voltage minus the P-transistor threshold voltage, one of the input transistors is always
in the OFF-state and no ‘through’ current flows in the input stage.

When the input voltage equals the N-transistor threshold voltage (typ. 1,6 V), the N-transistor starts
conducting and a drain current starts to flow.

Figure 5 shows the drain current as a function of the input voltage for a typical LOCMOS input.

7283561
drain
current
(Ip)
Vr | Voo-Vr |
'/2Vpp Vbp

input voltage (V)

Fig. 5 Drain current as a function of input voltage.

This drain current reaches a maximum at %2 Vpp and the peak value depends on the geometrics of the
transistors used. This current is proportional to Vpp", in which n > 2.

For Schmitt triggers, unbuffered types, and circuits comprising a single stage inverter, typical current
transfer characteristics are given in the device data sheets.

When squarring up slow pulses by means of Schmitt triggers, the through current gives additional
power consumption. '

By applying RC-oscillators, or oscillators constructed with Schmitt triggers, the phenomenon described
gives a frequency-independent power consumption.
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Propagation delay

Compared to TTL and LS-TTL, all C-MOS devices are slow and very sensitive to capacitance loading
(see Fig. 6).

The HE family uses both advanced processing (LOCMOS) and improved circuit design (buffered gates)
to achieve propagation delays and output transition times that are superior to any other junction-
isolated C-MOS design.

LOCMOS processing achieves lower parasitic capacitances which reduce the on-chip delay and increase
the maximum clock frequency of flip-flops, registers and counters. Buffering all outputs, even on gates,
results in lower output impedance and thus reduces the effect of capacitive loading.

Propagation delay is affected by three parameters: capacitive loading, supply voltage, and temperature.

7273750

5
> =259, C-MO0Ss
% Tamb =25°C Vop =5V
o
°
N
5 LOCMOS
E / Vpp=5V
23
— TTL
Vee=5V
Fig. 6 Normalized propagation delay as a function’
1 of load capacitance for TTL, C-MOS and LOCMOS.
0 1
Cy (pF)

Capacitive loading effect

Historically, semiconductor manufacturers have always specified the propagation delay at an output
load of 15 pF, not because this was considered a representative systems environment, but rather
because it was the lowest practical test-jig capacitance. It also generated the most impressive specifi-
cations. For example, TTL with an output impedance in the LOW state of typically 25 £ is little
affected by an increase in capacitive loading. LOCMOS, however, with an output impedance of typi-
cally 250  (at 5 V) is 10 times more sensitive to capacitive loading. As an example Fig. 7 shows the
positive and negative-going delays as functions of load capacitance for the HEF4011B and Fig. 8 shows
the output transition times for standard output stages. For detailed information see Family Specifi-
cations and the individual data sheets. It should be noted that most unbuffered gates have an even
higher output impedance, a larger-dependence on output loading, and do not show the same symmetry.

92
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200 7273736.1
T,mp=25°C
tpHL amd |
tPLH 4

(ns) vDD=y

100 | ~

L~
/
—

1

o
<

| Fig. 7 Positive and negative-going propagation
delay as functions of load capacitance for the
HEF4011B.

£\

0 200
CL (pF)

72737511

Tamb =2 5°c

200 v
THL Vpp=5V /
tTLH Vi
(ns) /

100 A
/ 0V /
]

A / /
é/ 15V Fig. 8 Output transition times as functions
0 of load capacitance.
0 0 200
C (pF)

Supply voltage effect

1. Speed; Fig. 9 shows propagation delays as functions of supply voltage. The best choice for slow
applications is 5 V. For reasonably fast systems, choose 10 or 12 V.. Any application requiring
15 V to achieve short delays and fast operation should be investigated for excessive power dissi-
pation and should be weighed against an LS-TTL approach.

2. Noise immunity; improves with higher supply voltage (see NOISE IMMUNITY).

150 72737341
tPHL C.= Tamb =25°C
PLH 200pF \
(ns) 100
100 pF \
20pF Q\ Fig. 9 Propagation delays (symmetrical)
\b as functions of power supply voltage for
0 the HEF4011B.
0 5 10 15
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Temperature effect

The temperature dependence of LOCMOS is much simpler than with TTL, where three factors con-
tribute: increase of beta with temperature, increase of resistor value with temperature, and decrease
of junction forward voltage drop with increasing temperature. In LOCMOS, essentially only the carrier
mobility changes, thus increasing the impedance, and hence the delay, with temperature. For more
details see Family Specifications and the individual data sheets, for example see Fig. 10..

7273739.1
50
tpy 40 %
{ns) CL= —
30 |-100pF =
L1
20 |_80pF | | —t
J;//’
10 }—20pF
oL

-75 =50 =25 O 25 50 75 100 125
Tamb(OC)

Fig. 10 Propagation delays as functions of ambient temperature, with Vpp = 10 V for HEF4011B.

Noise immunity

One of the most advertised and also misunderstood C-MOS features is noise immunity. The input
threshold of a C-MOS gate is approximately 50% of the supply voltage and the voltage transfer curve
is almost ideal. As a result, LOCMOS can claim very good voltage noise immunity, typically 45% of
the supply voltage, i.e., 2,25 Vina 5 V system, 4,5 V ina 10 V system and 6,75 V in a 15 V system.
Compare this with the TTL transfer curvein Fig. 11 and its resultant 1V noise immunity in a lightly
loaded system and only 0,4 V worst case. Fig. 12 shows the transfer characteristic between —55 and
+125 OC.

Since LOCMOS output impedance, output voltage and input threshold are symmetrical with respect
to the supply voltage, the LOW and HIGH level noise immunities are practically equal. Therefore, a
LOCMOS system can tolerate ground or Vpp drops and noise on these supply lines of more than 1V,
even in a 5 V system. Moreover, the inherent LOCMOS delays act as a noise filter; 10 ns spikes tend
to disappear in a chain of LOCMOS gates, but are amplified in a chain of TTL gates. Because of these
features, LOCMOS is very popular with designers of industrial control equipment that must operate in
an electrically and electromagnetically ‘polluted’ environment.

Unfortunately these impressive noise margin specifications disregard one important fact: the output
impedance of LOCMOS is 3 to 10 times higher than that of TTL. C-MOS interconnections are
therefore less ‘stiff’ and more susceptible to capacitively coupled noise. In terms of such current-
injected crosstalk from high noise voltages through small coupling capacitances, the tables on the next
page give a comparison between LOCMOS and TTL/LS-TTL.
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7273743

6 T
Tamp= 25°C
Vop=5V
Vo
(v)
7600TTL
3
LOCMOS
0
0 2
v (V)

Fig. 11 Typical transfer characteristic
for TTL and LOCMOS.

LOCMOS/TTL (normalized to TTL)
VbD [ 5V l Vv I 15V
factor l 0,5 l 1 l 2

7273747

125°C
]

1 T
55°C

0 15
Vi (V)

Fig. 12 Voltage transfer characteristic
over —55 to + 125 OC range.

LOCMOS/LS-TTL (normalized to LS-TTL)
Vbp | 5V ] 10V | 15V
factor ' 1 l 3 | 5

From the tables can be seen that LOCMOS operating at Vpp = 10 V has a dynamic noise immunity
which is comparable with TTL and 3 times as good as LS-TTL.

In terms of voltage injected noise the nearly ideal transfer characteristic and the relatively slow response
of LOCMOS circuits make them at least 5 times less sensitive to magnetically coupled noise than TTL/

LS-TTL.
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Input protection

The gate input to any MOS transistor appears like a small value (< 1 pF), very low leakage (< 1 pA)
capacitor. Without special precautions, such inputs could be electrostatically charged to a high voltage,
causing a destructive breakdown of the dielectric and permanently damaging the device. Therefore, all
LOCMOS inputs are protected by a combination of series resistor and shunt diodes. Different manu-
facturers have different approaches; some use a single diode, others use two diodes, and some use

a resistor with a parasitic substrate diode.

With the exception of a few devices, each member of the HE family utilizes a series resistor, nominally
400 £2, and two diodes, one to Vpp, and the other to Vgg (see Fig. 13). The resistor is a polysilicon
‘“true resistor’ without a parasitic substrate diode. This ensures that the input impedance is always at
least 400 €2 under all biasing conditions, even when Vpp is short-circuited to Vgg. A parasitic
substrate diode would represent a poorly defined shunt to Vgg in this particular case.

The diodes exhibit typical forward voltage drops of 0,9 V at 1 mA and reverse breakdown voltages of
20 V. For certain special applications such as oscillators, the diodes actually conduct during normal
operation, in this case the current should be limited to 1 mA. Input currents averaging 10 mA or more
may destroy the device.

Voo

input to logic
. to logic
input 200 O transistors D1
nominal
7283562
7273746
Vss
Fig. 13 Standard HE family LOCMOS Fig. 14 The input protection for the
input protection circuit. HEF4049B and HEF40508B.

Figure 14 shows the input protection for the types HEF4049B and HEF4050B. Diode D1 is the
inherent drain to Vgg diode of the protection device. Under operational conditions, this input may
exceed the supply voltage Vpp.

Power supply regulation and decoupling

The LOCMOS technology suggests that any supply voltage between 3 and 15 V will do, thus rendering
supply voltage regulation unnecessary. However, it must be realized that the supply voltage has
influence on the system speed (see Fig. 9), noise immunity (see Figs 11 and 12) and dissipation (see
Fig. 4) and see text concerning all these Figures.

Any dynamic system generates voltage spikes on the supply line. These spikes influence the noise im-

munity, they may damage the circuit, or may have a negative influence on proper operation of the

circuit. Therefore a matched decoupling of the supply line is necessary. Generally an electrolytic

capacitor of 3 uF per 10 devices is sufficient. However, some circuits require special attention:

1. HEF4511B: BCD to 7-segment latch/decoder/driver; an electrolytic capacitor of 3 uF should be
added to each device to avoid excessive voltage spikes due to high di/dt.

2. HEF45288B: dual retriggerable/resettable monostable multivibrator; for circuits of this nature it is
recommended to use proper decoupling to avoid pulse length variations due to supply line ripple.

3. Circuits that operate in the linear mode, such as RC or crystal oscillators, a minimum supply voltage
of at least 4 V is recommmended.

96
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3-state outputs

Function table

| 0 inputs output H = HIGH state (the more positive
D | o o voltage)
£0 l 7283580 L = LOW state (the less positive
) voltage)
)‘f I':I i X = state is immaterial
Z = high impedance OF F-stat
Fig. 15 Logic symbol of a H | H H gh impedance €

3-state output.

- . v
P1 P2 PIE;J ob
—

] 1

Lo [

._—l J P5
{ —
P4 < .T

| N4 +——0O

| 5

— — N5

| < L e
N1 N2 N3
. Vss
o 7283560

Fig. 16 Circuit diagram of 3-state output.

When EO is HIGH, the output is enabled and the transistors P4 and N4 act as a transmission gate, and
they connect the gates of the output transistors together. A LOW level at EO puts the output in the
high impedance OF F-state; transistors P3 and N3 function as pull-up and pull-down transistors
respectively.
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FAMILY
SPECIFICATIONS

These specifications cover the common electrical characteristics of the entire HE4000B family, unless
otherwise specified in the individual device data sheet.

The LOCMOS HE4000B family devices will operate over a recommended Vpp power supply range of
310 15V, as referenced to Vgg (usually ground). Parametric limits are guaranteed for Vpp of 5, 10
and 15 V. Because of the wide operating voltage range, power supply regulation is less critical than

with other types of logic. The lower limit of the supply voltage is 3 V, or as determined by required
system speed and/or noise immunity or interface to other logic. The recommended upper limit is 15 V
or as determined by power dissipation constraints or interface to other logic. Unused inputs must be
connected to Vpp, Vgg or another input. 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 hand-
ling precautions into account.

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage Vpp —-0,5t0o+18 V
Voltage on any input Vi —-05toVpp +0,56 V
D.C. current into any input or output E | max. 10 mA
Power dissipation per package (for plastic and ceramic DIL)
for Tamp = —40 to + 60 °C Piot max. 400 mw
for Tamp =+ 60 to + 85 °C derate linearly with

8 mW/OC to 200 mW
Power dissipation per package (for plastic SO mini-pack)

for Tamp = —40t0 +70°C Ptot max. 200 mw
for Tamp = +70to +85°C derate linearly with
5 mW/OC to 125 mW
Power dissipation per output P max. 100 mwW
Storage temperature Tstg ~65 to +150 ©C
Operating ambient temperature Tamb —40to +85 OC
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) 7277190 6 7277186
Vpp=5V Vpp =5V
DD DD
o Tamb =25°C g o Tamb =25 °C
d 1]
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min typ T
Ji -
-2 / 4
4
/
/
I/
—4 if 2
.4 1 == min
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e o/
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P-channel drain characteristics (source)
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P-channel drain characteristics (source)

N-channel drain characteristics (sink)
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J /
1T 14
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N-channel drain characteristics (sink)
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0 7277188 7277185
- I
Vpp=15V J VDD‘15VO WP
Tamb =25 °C — 5ol tamb=25C ]
'D I /
(mA) 7 y
min )
/ {mA)
i
-25 7 ]
y 25
/ ]
/ ]
/ l min
I
e
i ]
—50 T
0
—15 -10 =5, w0 0 5 10 v l\/\15
VDS 'V vDS V!
P-channel drain characteristics (source) N-channel drain characteristics (sink)
Note

Temperature coefficient: —0,4%/°C.
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A.C. CHARACTERISTICS

Clock input rise and fall times (t,, tf)

The upper limits on t, and tf vary widely from device to device and with supply voltage. Unless other-
wise specified in the individual data sheets it is recommended that input rise and fall times be less than

16 us for Vpp =5 V; 4 us for Vpp =10 V; 1 us for Vpp = 16 V.

Output transition times (tT 4, tTHL)

Vgg =0 V; Tamb = 25 °C; C_ = 50 pF; input transition times < 20 ns

VpD . typical extrapolation
v symbol | min. typ. max. formula
Output transition
times 5 60 120 ns [ 10ns+ (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns | 9ns+ (0,42 ns/pF) C|
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns | 10ns+ (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns | 9ns+ (0,42 ns/pF) CL
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Temperature coefficient (typical values)
Propagation delays +0,35%/°C
Output transition times +0,35%/°C

Input capacitance (digital inputs)

Maximum input capacitance C| = 7,5 pF.
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Set-up times, hold times, recovery times and propagation delays for sequential logic circuits.

CLOCK
INPUT

DATA
INPUT

ouTPUT

SET,
CLEAR,
PRESET
INPUT

Note

—
Vpp
10% Vss
~<— tWCPH—=i=—twCPL—
thold | thold |
Voo
50%
Vss
tsu |- —l tgy |e—
—= (=—tTLH — r——‘THL
v
90% OH
50%
10%
VoL
—e| tpLH l=— —] tpHL -
tR -
Vob
50%
7275375

In the waveforms above the active transition of the clock input is going from LOW to HIGH and the
active level of the forcing'signals (SET, CLEAR and PRESET) is HIGH. )

The actual direction of the active transition of the clock input and the actual active levels of the

forcing signals are specified in the individual device data sheet.
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Propagation delays of 3-state outputs.

—=| |=—20ns — ‘4—20 ns
\
90% f DD
OUTPUT
ENABLE 50%
10%
Vss
-—1tp 7 —» —=| tpzL l<—
VbD
90%
OUTPUT
LOW-to-OFF
OFF-to-LOW
10%
VoL
-—1tPHZ — <-tpZH
\%
90% OH
OUTPUT
HIGH-t0-OFF N
OFF-to-HIGH
10%
Vss
outputs —|e—— oOutputs ———»|«— oOutputs
7275376.1 connected disconnected connected
Test circuit of 3-state output ICs.
R =1k
I L Vpp for tpLz . tpzL
other ; ‘ \% fort t
inputs with SS PHZ . t1PZH
3-state
CL =50 pF
output outputs
disable ” 7275369
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DEFINITION OF SYMBOLS AND TERMS USED IN 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.

N Input current; the current flowing into a device at specified input voltage and Vpp.

I10H Output current HIGH; the drive current flowing out of the device at specified HIGH output
voitage and Vpp.

loL Output current LOW,; the drive current flowing into a device at specified LOW output voltage
and Vpp.

Ipp Quiescent power supply current; the current flowing into the Vpp lead at specified input
and Vpp conditions.

loz Output OFF current; the leakage current flowing into or out of the output of a 3-state device
in the OFF state when the output is connected to Vpp or Vgg.

i Input current LOW,; the current flowing into a device at a specified LOW level input voltage
and a specified Vpp.

WH Input current HIGH; the current flowing into a device at a specified HIGH level input voltage

and a specified Vpp.

IppDL Quiescent power supply current LOW; the current flowing into the Vpp lead with a specified
LOW level input voltage on all inputs and specified Vpp conditions.

IDDH Quiescent power supply current HIGH; the current flowing into the Vpp lead with a specified
HIGH level input voltage on all inputs and specified Vpp conditions.

Iz OFF state leakage current; the leakage current flowing into the output of a 3-state device in
the OFF state at a specified output voltage and Vpp.

Voltages
All voltages are referenced to Vgg, which is the most negative potential applied to the device.
VpD Supply voltage; the most positive potential on the device.

Vss 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. .

VEE Supply voltage; one of two (Vgg and VgE) negative power supplies. For a device with dual
negative power supply, the most negative power supply as a reference level for other voltages.

ViH Input voltage HIGH; the range of input voltages that represents a logic HIGH level in the
system.

ViL Input voltage LOW; the range of input voltages that represents a logic LOW level in the
system.

VOH Output voltage HIGH; the range of voltages at an output terminal with specified output
loading and supply voltage. Device inputs are conditioned to establish a HIGH level at the

output.

VoL Output voltage LOW; the range of voltages at an output terminal with specified output
loading and supply voltage. Device inputs are conditioned to establish a LOW level at the
output.

Vp Trigger threshold voltage; positive-going signal.

VN - Trigger threshold voltage; negative-going signal.

Analogue terms

Ron ON resistance; the effective ON state resistance of an analogue transmission gate, at speci-
fied input voltage, output load and Vpp.

ARQN  AON resistance; the difference in effective ON resistance between any two transmission
gates of an analogue device at specified input voltage, output load and Vpp.
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A.C. switching parameters

f;

fmax

tr tf
tPLH

tPHL

TLH
TTHL
tw

thold

tsu

tpHZ

tpLz

tpzZH

tpzL

R

Input frequency; for combinatorial logic devices the maximum number of inputs and outputs
switching in accordance with the device truth table. For sequential logic devices the clock
frequency using alternate HIGH and LOW for data input or using the toggle mode, which-
ever is applicable.

Output frequency; each output.

Clock frequency; clock input waveform should have a 50% duty cycle and be such as to
cause the outputs to be switching from 10% Vpp to 90% Vpp. in accordance with the
device truth table.

Clock input rise and fall times; 10% to 90% value.

Propagation delay time; the time between the specified reference points, normally 50%
points on the input and output waveforms, with the output changing from the defined
LOW level to the defined HIGH level.

Propagation delay time; the time between the specified reference points, normally 50%
points on the input and output waveforms, with the output changing from the defined
HIGH level to the defined LOW level.

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

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

Pulse width; the time between 50% amplitude points on the leading and trailing edges of
pulse.

Hold time; the interval immediately following the active transition of the timing pulse
(usually the clock pulse) or following the transition of the control input to its latching level,
during which interval the data to be recognlzed must be maintained at the input to ensure
their continued recognition. A negative hold time indicates that the correct logic level may
be released prior to the timing pulse and still be recognized.

Set-up time; the interval immediately preceding the active transition of the timing pulse
(usually the clock pulse) or preceding the transition of the control input to its latching level,
during which interval the data to be recognized must be maintained at the input to ensure
their recognition. A negative set-up time indicates that the correct logic level may be initiated
sometime after the active transition of the timing pulse and still be recognized.

3-state output disable time, HIGH to Z; the time between the specified reference points,
normally the 50% point on the output enable input voltage waveform and a point represent-
ing a 0,1 Von drop on the output voltage waveform of a 3-state device, with the output
changing from the output HIGH level (Vo) to a high impedance OF F-state.

3-state output disable time, LOW to Z; the time between the specified reference points,
normally the 50% point on the output enable input voltage waveform and a point represent-
inga0,1 (Vpp—VoL) rise on the output voltage waveform of a 3-state device, with the
output changing from the output LOW level (Vo) to a high impedance OF F-state.

3-state output enable time, Z to HIGH; the time between the specified reference points,
normally 50% point on the output enable input voltage waveform and a point representing
0,1 Vo4 voltage rise on the output voltage waveform of a 3-state device, with the output
changing from a high impedance OF F-state to the output HIGH level (Vgop).

3-state output enable time, Z to LOW; the time between the specified reference points,
normally the 50% point on the output enable input voltage waveform and a point represent-
ing 0,1 (Vpp—V L) voltage drop on the output voltage waveform of a 3-state device, with
the output changing from a high impedance OF F-state to the output LOW level (Vo).
Recovery time; the time between the end of an overriding asynchronous input, typically a
clear or reset input, and the earliest permissible beginning of a synchronous control input,
typically a clock input, normally measured at 50% points on both input voltage waveforms.
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HEF4000B

[
DUAL 3-INPUT NOR GATE AND INVERTER L 2

The HEF4000B provides the positive dual 3-input NOR function. A single stage inverting function
with standard output performance is also accomplished. The outputs are fully buffered for highest
noise immunity and pattern insensitivity of output impedance.

3h

4l O1]6 ] _[13]_[12] [i1] fio] [s] [

Sl Voo Is Is I, 0z 03 I

Ul HEF4000

12] Is 0, ﬂ)_ B

13]1s ne. ne. Iy I; I3 Oy Vss
1T 12] 3] 1] 18] 6] 12

8 17 03 9 7273672
Fig. 2 Pinning diagram.

7273673

HEF4000BP : 14-lead DIL; plastic (SOT-27K, M, T).

HEF4000BD: 14-lead DIL; ceramic (cerdip) (SOT-73).

HEF4000BT : 14-lead mini-pack; plastic
(SO-14;SOT-108A).

Fig. 1 Functional diagram.

o dDe oo

Do H Do et

s _{>J
I7 Dc 03
7274501
FAMILY DATA see Family
Fig. 3 Logic diagram. IpD LIMITS category GATES | SPecifications
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HEF4000B

gates

D.C. CHARACTERISTICS
For the single inverter stage (17/03):

see Family Specifications for input voltages HIGH and LOW (unbuffered stages only).

A.C. CHARACTERISTICS

Vgg=0V; Tamp =25 °C; C_ = 50 pF; input transition times < 20 ns

VpD typical extrapolation
v symbol typ. max. formula
Propagation delays 5 70 140 ns | 43 ns+ (0,65 ns/pF) C|_
l1tolg— 01,02 | 10 tpHL tpLH | 35 70 ns| 24ns+ (0,23 ns/pF) C_
15 30 65 ns | 22ns+ (0,16 ns/pF) C|_
5 45 90 ns | 18ns+ (0,55 ns/pF) C_
I —= 03 10 tpHL: tPLH | 26 50 ns | 14ns+ (0,23 ns/pF) C|_
(unbuffered output) 15 20 40 ns| 12ns+ (0,16 ns/pF) C_
Output transition
times 5 60 120 ns | 10ns+ (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns| 9ns+(0,42ns/pF)Cy
15 20 40 ns| 6ns+(0,28 ns/pF) C_
5 60 120 ns | 10 ns+ (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns| 6ns+ (0,28 ns/pF) C_
VbD . where
v typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1000 f; + Z(fo,CL) x Vpp? C_ = load capacitance (pF)
dissipation per 10 7700 f; + Z(foC) x Vpp? Z(foCL) = sum of outputs
package (P) 15 28700 fj + Z(foCp) x Vpp? Vpp = supply voltage (V)
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Dual 3-input NOR gate and inverter

HEF4000B

, gates

APPLICATION INFORMATION

The following information (Figs 4 to 7) is only for the single inverter stage (17/03).

72842511
50
gain ‘\
(Vo/V))
typ
25 N
—
r—
0 10 15
0 5 Vpp (V)

Fig. 4 Voltage gain (Vp/V)) as a function of
supply voltage.

330kQ

17 03
7284357

Fig. 6 Test set-up for measuring graphs of
Figs 4 and 5.

This is also an example of an analogue
amplifier using the single inverter stage
(17/03) of the HEF4000B. '

7284257.1
20
'pp
{mA) 7
15
/
typ
‘ /
10
5
/
0
0 5 10 Vpp (V) 15

Fig. 5 Supply current as a function of

supply voltage.

W ( October 1980
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HEF4000B

gates

Rpias = 560k
1
—
;ED
0'47|‘|‘l: input :l output .1_0|0“F
vi v )
(f = 1KkHz) -'—‘j io™v
o é Vss

7284363

Fig. 7 Test set-up for measuring forward transconductance g¢s = dig/dv; at v, is constant (see also
graph Fig. 8).

7284364

10 Curves in Fig. 8:
Stg B1A A: average
{mA/V) B:average+2s,_
C: average —2 s, in where:
v/ ‘s’ is the observed standard
7,5 A o
P deviation.
/
/|
/
/ ¢
5 / -
Y/
/ )4
(71 V]
25
I
v 4
A
/
/
— T
= 0
E 0 5 10 Vpp (V) 15
Fig. 8 Typical forward transconductance gyg as
a function of the supply voltage at Tymp = 25 OC.
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HEF4001B

, gates

-
QUADRUPLE 2-INPUT NOR GATE | —

The HEF4001B provides the positive quadruple 2-input NOR function. The outputs are fully buffered
for highest noise immunity and pattern insensitivity of output impedance.

] [13] [iz] [1] fo]l [e] [
EN Voo Is Iy Of O3 Ig Ig
HEF4001B

4 L 1, 0, 0, I, I, Veg

I 0,
i) Do
5]1Is
— (0]
6] s 2qe
— T 12l BB el 5] 6] 17
Is
(0]
Iy
(0]

7269477
— Fig. 2 Pinning diagram.

HEF4001BP : 14-lead DIL; plastic (SOT-27K, M, T).
— HEF4001BD: 14-lead DIL; ceramic (cerdip) (SOT-73).

e maAannanT o oA tt

HEF4001BT : 14-lead mini-pack; plastic

(SO-14;SOT-108A).

7269554

Fig. 1 Functional diagram.

|
i Do oo
2

7275424.2

Fig. 3 Logic diagram (one gate).

FAMILY DATA l
see Family Specifications
Ipp LIMITS category GATES ‘
& Products approved to CECC 90 104-002. May 1983 117



HEF4001B

gates

A.C. CHARACTERISTICS

Vgs =0 V; Tamb =25 ©C; C_ =50 pF; input transition times < 20 ns

typical extrapolation
formula

33 ns + (0,55 ns/pF) C|_
14 ns + (0,23 ns/pF) C_
12 ns + (0,16 ns/pF) C_

23 ns + (0,55 ns/pF) C
14 ns + (0,23 ns/pF) C
12 ns + (0,16 ns/pF) C_

10 ns + (1,0 ns/pF) C_
9 ns + (0,42 ns/pF) C_
6 ns + (0,28 ns/pF) C_

10 ns + (1,0 ns/pF) C_
9 ns + (0,42 ns/pF) C_
6 ns + (0,28 ns/pF) C_

V?/D symbol typ max
Propagation delays
inh — Op 5 60 120 ns
HIGH to LOW 10 tPHL 25 50 ns
15 ' 20 40 ns
5 50 100 ns
LOW to HIGH | 10 tpLH 25 45 ns
15 20 35 ns
Output transition
times 5 60 120 ns
HIGH to LOW 10 tTHL 30 60 ns
15 20 40 ns
5 60 120 ns
LOW to HIGH 10 tTLH 30 60 ns
15 20 40 ns
VSD typical formula for P (uW)
Dynamic power 5 1100 f; + Z(foC) x Vpp?
dissipation per 10 5000 f; + Z(f,Cy ) x Vpp*?
package (P) 15 14200 f; + Z(foC) x Vpp?

where

fj = input freq. (MHz)

fo = output freq. (MHz)
C_ = load capacitance (pF)
Z(foCy) = sum of outputs
Vpp = supply voltage (V)

118
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HEF4001UB

gates

[ 3
QUADRUPLE 2-INPUT NOR GATE |

The HEF4001UB is a quadruple 2-input NOR gate. This unbuffered single stage version provides a
direct implementation of the NOR function. The output impedance and output transition time
depends on the input voltage and input rise and fall times applied.

1]1
—Z—Wi | _[5]_[7] [7] fio] [5] [®
- Voo Is I Oy 03 Ig I
5] 13 AN HEF4001UB
Sl L I Oy Oy I3 I, Vs
T 2] BT el 5] o] 17
8] Is 03 |10 7283059
IR B
Fig. 2 Pinning diagram.
12] 17 )
E Is s 1 HEF4001UBP : 14-lead DIL; plastic (SOT-27K, M, T).
-] HEF4001UBD: 14-lead DIL; ceramic (cerdip) (SOT-73).
HEF4001UBT : 14-lead mini-pack; plastic
7269554 (SO-14;SOT-108A).

Fig. 1 Functional diagram.

——Ié —-lé DD

=appe
il e
| ™

7284262

o

Vss

Fig. 3 Schematic diagram (one gate). The splitting-up of
the p-transistors provide identical inputs.

FAMILY DATA |
[ see Family Specifications
Ipp LIMITS category GATES

& Products approved to CECC 90 104-003. May 1983
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HEF4001UB

gates

A.C. CHARACTERISTICS

Vgg=0V; Tamp = 25 ©C; C|_ = 50 pF; input transition times < 20 ns

typical extrapolation
formula

30ns + (0,70 ns/pF) C_
17 ns + (0,27 ns/pF) C_
16 ns + (0,20 ns/pF) C_

13 ns + (0,55 ns/pF) C
9 ns + (0,23 ns/pF) C_
7 ns + (0,16 ns/pF) C_

15 ns + (1,20 ns/pF) C_
6 ns + (0,48 ns/pF) Ci_
4 ns + (0,32 ns/pF) C_

10 ns + (1,00 ns/pF) C_
9 ns + (0,42 ns/pF) C_
6 ns + (0,28 ns/pF) C_

Vl\)/D symbol | typ. max.
Propagation delays
Iy —» Op 5 65 130 ns
HIGH to LOW | 10 tPHL 30 60 ns
15 25 50 ns
5 40 80 ns
LOW to HIGH | 10 tpLH 20 40 ns
15 15 30 ns
Output transition 5 75 150 ns
times 10 tTHL 30 60 ns
HIGH to LOW | 15 20 40 ns
5 60 110 ns
LOW to HIGH | 10 tTLH 30 60 ns
15 20 40 ns
Input capacitance CiN - 10 pF
V?/D typical formula for P (uW)
Dynamic power 5 500 f; + Z(f,C) x Vpp?
dissipation per 10 5000 f; + Z(fo,Cp) x Vpp?
package (P) 15 30000 f; + Z(f,CL) x Vpp?

where

f; = input freq. (MHz)

fo= output freq. (MHz)
C| = load capacitance (pF)
Z(fgCr) = sum of outputs
Vpp = supply voltage (V)
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Quadruple 2-input NOR gate

HEF4001UB

gates

7284255
5 ﬁ\ 500
VO ID
(V) | (uA)
[
r 1y
IR
2,5 HH 250
1]
Il
T Fig. 4 Typical transfer characteristics;
i one input, the other input connected to Vgg;
/ \ —— VQ; — — — Ip(drain current); Ig = 0;
/ \ Vpp=5V.
0 S 0
10 7284254 10
\\
Vo ID
(V) (mA)
/
5 { 5
7T TN
] \
L4
/ \
‘/ \ Fig. 5 Typical transfer characteristics;
7 one input, the other input connected to Vgg;
— A—\ —— VQ; — — — Ip(drain current); Ig = 0;
0 v 0 Vpp =10V.
0 5 Vi (V) 10
20 7284253
A
/ \
VO lD .
(V) < / (mA)
/ :
10 \ 10 .
\ :
/' \ :
1
\
/ \ . . -
\ Fig. 6 Typical transfer characteristics;
/ one input, the other input connected to Vgg;
0 / \ 0 — V. — — — Ip(drain current); 10 = 0;
0 10y 20 Vbp=15V.

w ( October 1980
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HEF4001UB

gates
R bias =560k
I oo T
L Se—
Vbb
0,47;'11 input output LE'OHF
v v :] )
(f = 1kHz) -'51 ig ™
(e . \Y
7z8a3es OO
Fig. 7 Test set-up for measuring foward transconductance
9fs = dig/dv; at v is constant (see also graph Fig. 8).
7284364
10 Curves in Fig. 8:
9t BT A A : average,
> B : average + 2,
(mA/V) C : average —2 s, in where:
's’ is the observed standard
7,5 i deviation.
/
/
. / A
/
/ )4
AN4
2,5
/
1,
/
/
[ 4
0 5 1
0 10y w18

Fig. 8 Typical forward transconductance gfg as a
function of the supply voltage at Tymp = 25 OC.
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Quadruple 2-input NOR gate ) HEF4001UB

gates

APPLICATION INFORMATION
Some examples of applications for the HEF4001UB are shown below.
Because of the fact that this circuit is unbuffered, it is suitable for use in (partly) analogue circuits.

Voo
1/4 HEF4001UB  1/4 HEF4001UB

iNH
INH 0
H L
L 0sc

C 7284264

(a)

forward voltage
clamping diode

(b)

7271571

Fig. 9(a) Astable relaxation oscillator using two HEF4001UB gates; the diodes may be BAW62; C2 is
a parasitic capacitance. (b) Waveforms at the points marked A, B, C and D in the circuit diagram.

In Fig. 9 the oscillation frequency is mainly determined by R1C1, provided R1 < < R2 and
R2C2 << R1C1. .
The function of R2 is to minimize the influence of the forward voltage across the protection diodes on
the frequency; C2 is a stray (parasitic) capacitance. The period Tp is given by Tp =Tq + To, in which
+ 2Vpp -V
Ty=R1CTIn R0 VST ity = R1CT In PO VST e
Vst VoD - VsT
VgT is the signal threshold level of the gate. The period is fairly independent of Vpp, VgT and
temperature. The duty factor, however, is influenced by VgT.

October 1980
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HEF4001UB
gates
1TMQ

. (o}

22kq  AMHz INH| O

e
1/4 HEF 4001UB 00 25 H L

1
pF J,' J,- pF L osc
4

4

7284266

Fig. 10 Example of a crystal oscillator using one HEF4001UB gate.

7284252
10
Vo
(V)
a
typ LA
5 vd
330k
V|
v
»
/ 1/4 HEF4001UB
7284268
0 Fig. 12 Test set-up for measuring graph of
0 5 10 Vpp (V) 15 Fig. 11. Condition: all other inputs

connected to ground.

Fig. 11 Output voltages as a function of
supply voltage.

NOTES
If a gate is just used as an amplifying inverter, there are two possibilities:

a. Connecting the inputs together gives simpler wiring, but makes the device output not completely
symmetrical.
b. Connecting one input to Vgg will give the device a symmetrical output.

124
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Quadruple 2-input NOR gate HEF4001UB
J gates
7284251.1 7284257.1
50 20
‘op
(mA)
gain “ /
(Vo/Vv)) 15
typ /
typ )
/
25 AN 10
N
—
5
p4
e
7
o] 0
0 5 10y 5w 0 5 10 yoo v 15
Fig. 13 Voltage gain (Vo/V}) as a function Fig. 14 Supply current as a function
of supply voltage. of supply voltage.
330kS2

1/4 HEF4001UB
7284268

Fig. 15 Test set-up for measuring graphs

of Figs 13 and 14. Condition: all other inputs
connected to ground.

330k -

input
P output

1/4 HEF4001UB
INH 7284270

Fig. 16 Example of an analogue amplifier
with inhibit using one HEF4001UB gate.
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HEF4002B

gates

-
DUAL 4-INPUT NOR GATE ——

The HEF40028B provides the positive dual 4-input NOR function. The outputs are fully buffered for
highest noise immunity and pattern insensitivity of output impedance.

2114

3]k o] w] [13]_[z] [17] [ro] [3] [®
LY Rt — Vop O Ig Iy Ig Ig nc.
5|14

_Q—Is HEF4002B

i o BB
—1'2—15 ‘ 7269478

Fig. 2 Pinning diagram.

7269555
Fig. 1 Functional diagram. HEFA002BP : 14-lead DIL ; plastic {SOT-27K, M, T).
HEF4002BD: 14-lead DIL; ceramic (cerdip) (SOT-73).
HEF4002BT : 14-lead mini-pack; plastic

(SO-14;SOT-108A).
e {e-o

7274511

Fig. 3 Logic diagram {one gate).

FAMILY DATA I
| see Family Specifications

Ipp LIMITS category GATES
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HEF4002B

gates

A.C. CHARACTERISTICS

Vss =0 V; Taymp =25 °C; C|_ = 50 pF; input transition times < 20 ns

VI\)/D symbol typ.  max. typlc?(l):ar:ﬂ';polatlon
Propagation delays 5 60 120 ns 33 ns + (0,55 ns/pF) C_
In —= Op 10 tpHL tPLH | 25 50 ns 14 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
Output transition times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C|_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Vpp . where
Y typical formuia for P (uW) f, = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1050 f; + Z(f,C) x Vpp? C| = load capacitance (pF)
dissipation per 10 4300 f; + Z(foC) x Vpp? 2(foCr) = sum of outputs
package (P) 15 11700 f; + Z(f,C) x Vpp? Vpp = supply voltage (V)
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HEF4006B
ms!

[ 5
18-STAGE STATIC SHIFT REGISTER |~

The HEF40068B is an 18-stage shift register arranged as two 4-stage and two 5-stage shift registers with
a common clock input (CP). The two 4-stage shift registers each have a data input (DA, D) and a data
output (O34, O3p); the two 5-stage shift registers each have a data input (D¢, Dp) and data outputs
from the fourth and fifth stages (O3¢, O4¢., O3p. 04p)-

The registers can be operated in parallel or interconnected to form a single shift register of up to 18
bits. Data are shifted into the first register position of each register from the data inputs (D to Dp)

and all the data in each register are shifted one position to the right on the HIGH to LOW transition
of CP.

16 §13f 12 11} J10 9 8

Voo O3a Ouc O3c O3 Oup O3p
D HEF4006B
1A SHIFT REGISTER O3al13 _
—O) 4-BITS DA nc. CP Dc Dg DD Vss
RT3 el IsT 1T 17
7273674
5|P8 0 oo
SHIFT REGISTER 3B |10 Fig. 2 Pinning diagram.
—O) 4-BITS i
HEFA4006BP : 14-lead DIL; plastic (SOT-27K, M, T).
HEF4006BD: 14-lead DIL; ceramic (cerdip) (SOT-73).
4 DC 0 HEF4006BT : 14-lead mini-pack ; plastic
SHIFT REGISTER 4C |12 (SO-14; SOT-108A).
—O) 5-BITS .
o FUNCTION TABLE
ac |
D, | T | op*
6(Pp 0
SHIFT REGISTER 4D |9 D N D
e 1 1
) 5-BITS X va no change
3|cP O3p|s
[ X = state is immaterial
———— S = positive-going transition
. = negative-going transition
D4 = either HIGH or LOW
Fig. 1 Functional diagram. * The moment Dy appears at O depends on
. the register length.
PINNING
Da to Dp data inputs
CP clock input (HIGH to LOW; edge-triggered)

034 to 03p; O4¢; O4p data outputs

FAMILY DATA l
see Family Specifications
Ipp LIMITS category MSI J

& Products approved to CECC 90 104-005. ' ( May 1983 129



HEF4006B

MSi

!

DA__D

o>

o>

Fig. 3 Logic diagram.

D O
FF FF FF FF
olcep
R ' = oA 3 9 4
D O
FF FF FF FF
L o l O 3 | O 4
D O
alen FF A~ FF ~l  FF ~l FF ~l FF
r—j Cr 1 r 2 r 3 l—\/ 4 5
D O
FF FF FF FF FF
i r 2 r 3 r 4 i s

7273906.2
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18-stage static shift register

HEF40068B

MsSi

A.C. CHARACTERISTICS

Vgg =0 V; Tamb = 25 ©°C; C_ = 50 pF; input transition times < 20 ns

i Vpp . typical extrapolation
Y] symbol | min  typ max formula
Propagation delays
CP — O, 5 90 180 ns |63 ns+ (0,55 ns/pF) C|_
HIGH to LOW 10 | tpHL 40 80 ns |29ns+ (0,23 ns/pF) CL
15 30 60 ns 22 ns + (0,16 ns/pF) C|_
5 920 180 ns | 63 ns+ (0,55 ns/pF) C|_
LOW to HIGH 10 | tpLH 40 85 ns |29 ns+ (0,23 ns/pF) C_
15 35 70 ns 27 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns | 10ns+ (1,0 ns/pF) Ci
HIGH to LOW 10 | tyHL 30 60 ns 9 ns + (0,42 ns/pF) C.
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns | 10ns+ (1,0 ns/pF) C_
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Minimum clock 5 60 30 ns
pulse width; HIGH 10 | twepH | 40 20 ns
15 30 15 ns
Set-up time 5 20 10 ns
D, —= CP 10 | tgy 10 5 ns
15 5 0 ns see also waveforms
Hold time 5 5 -5 ns Fig. 4
D, — CP 10 | thold 5 0 ns
15 5 0 ns
Maximum clock 5 9 18 MHz
pulse frequency 10 | fmax 15 30 MHz
15 18 36 MHz
Vpp . where
v | typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
" Dynamic power 5 600 f; + Z(f,CL) x Vpp* C = load capacitance (pF)
dissipation per 10 3200 f; + Z(f,Cy ) x Vpp? Z(foCL) = sum of outputs
package (P) 15 | 11600 f; + Z(f,Cp) x Vpp?® Vpp = supply voltage (V)

w ( October 1980
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HEF4006B

MSl

(@]

P INPUT

D, INPUT 50% 50%

72739051

Fig. 4 Waveforms showing minimum clock pulse width, and set-up and hold-times for D to CP.
Set-up and hold times are shown as positive values but may be specified as negative values.

132

October 198ﬂ (



HEF4007UB

DUAL COMPLEMENTARY PAIR AND INVERTER

The HEF4007UB is a dual complementary pair and an inverter with access to each device. It has three

n-channel and three p-channel enhancement mode MOS transistors.

13 2 1 1"
D S D S
P1 p2 (Dp2 P3|l voolia
'—J
— —
— — —
6]61 Dn/P3}12
— — —
 S— e
'—
:ﬂ N N[ |Vss|7
Dn1|G2 Sn2 |Dn2|G3 SN3
8 |3 4 5 |10 9

7273677

Fig. 1 Schematic diagram.

14, 13 12 1 10 9 8
Voo Dp1 Dnjp3 Sps G3 Snz D

HEF4007UB

Dp; Sp2 G2 Snz Dnz G1 Vss
1T 12] 18] 1&] 15] 18] 17
7273676

Fig. 2 Pinning diagram.

HEFA4007UBP : 14-lead DIL; plastic (SOT-27K,M, T).

HEF4007UBD: 14-lead DIL ; ceramic (cerdip) (SOT-73).

HEF4007UBT : 14-lead mini-pack; plastic
(SO-14;SOT-108A).

PINNING

Sp2, Sp3 source connections to 2nd and 3rd p-channel transistors

Dp1, Dp2 drain connections from the 1st and 2nd p-channel transistors

Dn1, DN2 drain connections from the 1st and 2nd n-channel transistors

SN2, SN3 source connections to the 2nd and 3rd n-channel transistors

Dn/p3 common connection to the 3rd p-channel and n-channel transistor drains
Gqto G3 gate connections to n-channel and p-channel of the three transistor pairs

FAMILY DATA

see Family Specifications

Ipp LIMITS category GATES

© Products approved to CECC 90 104-006.

May 1983
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HEF4007UB

gates

A.C. CHARACTERISTICS

Vss =0 V; Tamp = 256 °C; C_ = 60 pF; input transition times <20 ns

Vv typical extrapolation
30 symbol typ. max. formula
Propagation delays
G — Dy Dp 5 40 80 ns| 13ns+ (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 20 40 ns| 9ns+ (0,23 ns/pF) C
15 15 30 ns| 7ns+(0,16 ns/pF) C
v 5 40 75 ns| 13ns+ (0,55 ns/pF).C_
LOW ta HIGH 10 |[tpry 20 40 ns| 9ns+(0,23 ns/pF) Cy
15 15 30 ns| 7ns+(0,16 ns/pF) Cy_
Output transition
times 5 60 120 ns| 10ns+ (1,0ns/pF)Ci
HIGH to LOW 10 tTHL 30 60 ns| 9ns+(0,42ns/pF) C
15 20 40 ns| 6ns+ (0,28 ns/pF) C
’ ) 5 . 60 120 ns| 10ns+ (1,0ns/pF) C
LOW to HIGH 10 tTLH 30 60 ns| 9ns+(0,42ns/pF) Cp
15 20 40 ns| 6ns+(0,28 ns/pF) C_
VE’/D typical formula for P (uW) ::’le:put freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 4500 f; + Z(f,Cy) x Vpp? Cy_= load capacitance (pF)
dissipation per 10 20000 f; + Z(f,Cy ) x Vpp* Z(foCq ) = sum of outputs
package (P) 15 50000 f; + Z(foC) x Vpp? Vpp =supply voltage (V)
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Dual complementary pair and inverter

HEF4007UB
k gates
5 7284354
\
Vo 0 [D
(V) (mA)
\
2,5 “ 05
t |
/]| \'D
l,
) \ Fig. 3 Typical drain current Ip and output
# X voltage V( as functions of input voltage;
o A7 \ 0 Vpp=5V: Tamp = 25 °C.
5
0 2'5 V| (V)
10 7284355 10
Vo
Vo 'p
(V) \ (mA)
\
H i
5 'I \'D 5
\
‘l }A
7 \
/ \
4 Fig. 4 Typical drain current Ip and output
J ‘\ voltage V( as functions of input voltage;
0 y 0 Vpp=10V; Tamp = 25 °C.
0 5 vitv) 10
20 . 7284356 20
V, I, \n |
0 :VO AN l D
Yy —— L D (mA)
A}
10 \ A 10 =
1 \ =
! \
\
f \
I’ \ Fig. 5 Typical drain current Ip and output
7 \ voltage V(g as functions of input voltage;
0 \ 0 Vpp=15V; Tamp = 25 ©C.
0 10 V| (V) 20
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HEF4007UB

gates

APPLICATION INFORMATION
Some examples of applications for the HEF4007UB are:
® High input impedance amplifiers

Linear amplifiers

o

® (Crystal) oscillators

® High-current sink and source drivers
°

High impedance buffers.

7284251.1 72842571
50 20
'pp
(mA
gain { ) I
(Vo/V)) 15
typ
typf
25 N 10
N
NN
5
7
4
I
0 0 5 10 00
15
Vpp (V) 5 0 vop v 18
Fig. 6 Voltage gain (Vo/V;) as a function of * Fig. 7 Supply current as a function of supply
supply voltage. voltage.
330kQ

1/3 HEF4007UB
7284358

Fig. 8 Test set-up for measuring graphs of Figs
6and 7.

This is also an example of an analogue amplifier
using one HEF4007UB gate.
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Dual compiementary pair and inverter HEF4007UB

gates

Rbias =560k

i e—
J S |

Vbob

0,47;;1 input :l output i?lom:
vi v .
(f = 1kHz) ?ﬁ o ™

O .

\
7284363 S§

Fig. 9 Test set-up for measuring forward transconductance
gfs = dig/dvj at v, is constant (see also graph Fig. 10).

7284364
10
9fs B,/
7 i i :
(mA/V) Curves in Fig. 10:
A: average,
75 A B: average +2s, ) .
A C: average — 2's, in where s’ is the
/ observed standard deviation.
//
/ C
5 / -
[INARD
/ )4
NAD4
25
/
p4
/
7
0
0 5

10yop W 18

Fig. 10 Typical forward transconductance g¢g as
a function of the supply voltage at Tamp =25 °C.
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HEF4007UB

gates

APPLICATION INFORMATION (continued)
Figures 11 to 14 show some applications in which the HEF4007UB is used.

6
O—4
1 I25
I
. - Vss
7284359
Fig. 11 4 MHz crystal oscillator.
P Vbb
13
. 6
input O—y 5 12
4 O O O output
8 —J
N ¢ e
N N
4 9
V.
é SS
3 10 7284360
Fig. 12 High current sink driver.
Vop
ﬁ 1 §
P »— l——ll-)—-
st 13 I o p F
6 = -5 }— O output
input O—s N I 1
=8|,
Q 10
Vss

7284361

Fig. 13 High current source driver.
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Dual complementary pair and inverter

HEF4007UB

gates

VoD

disabl 3 P:JZ
isable O—‘

disable g_'

7 7284362

Fig. 14 High impedance buffer.

NOTE

FUNCTION TABLE for Fig. 14.

input disable output
H L L
L L H
X open

H = HIGH state (the more positive voltage)

L = LOW state (the less positive voltage)

X = state is immaterial

Rules for maintaining electrical isolation between transistors and monolithic substrate:

Pin number 14 must be maintained at the most positive (or equally positive) potential with respect to

any other pin of the HEF4007UB.

Pin number 7 must be maintained at the most negative (or equally negative) potential with respect to

any other pin of the HEF4007UB.

Violation of these rules will result in improper transistor operation and/or possible permanent damage

to the HEF4007UB.
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HEF4008B
L MS!

[ —
4-BIT BINARY FULL ADDER |~

The HEF4008B is a 4-bit binary full adder with two 4-bit data inputs (Ag to A3, Bg to B3), a carry
input (Cy), four sum outputs (Sg to Sz}, and a carry output (CoyT). The IC uses full look-ahead
across 4-bits to generate CoyT. This minimizes the necessity for extensive look-ahead and carry-
cascading circuits.

16{ 15 J14] J13] j12] 11] J10 9

Voo B3 Cour S3 S; S7 Sg Cum
. HIGH-SPEED Cout |14 HEF4A0088
PARALLEL CARRY Ay B, A, By A, By Ag Vss
1 2 3 4 5 6 7 8
B 72736781
15183 ADDER | s3|13
4 Fig. 2 Pinning diagram.
11A3
PINNING
Apto A3  data inputs
2182 ADDER | S2][12 BgtoB3 data inputs
3132 3 SptoS3  sum outputs
CiN carry input
CouT carry output
4 |B1
ADDER | St TRUTH TABLE (one adder)
5 A 2
! CiIN|A|B |CouT | S
o L |L L L L
6 |80 ADDER | sol10 Lyt L} H
1 L |H|L L H
71 A0 L |H|H H L
H L |L L H
9|CiNn f H |L |H H L
H |H|L H L
7274548.1 H |H|H H H

Fig. 1 Functional diagram.

HEF4008BP : 16-lead DIL; plastic (SOT-382).
HEF4008BD: 16-lead DIL; ceramic (cerdip) (SOT-74).
HEF4008BT : 16-lead mini-pack; plastic

(SO-16; SOT-109A).

FAMILY DATA l
see Family Specifications
Ipp LIMITS category MSI

& Products approved to CECC 90 104-007. \ (May 1983
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4-bit binary full adder

HEF4008B
mS!

A.C. CHARACTERISTICS

Vgs =0 V; Tamp =25 °C; C_ = 50 pF; input transition times < 20 ns

\% . typical extrapolation
'\D/D symbol min, typ. max. P formupl a
Propagation delays
sum in —* sum out 5 160 300 ns | 123 ns + (0,55 ns/pF) C|_
HIGH to LOW 10 | tpHL 55 110 ns | 44 ns+ (0,23 ns/pF) C_
15 40 80 ns | 32ns+ (0,16 ns/pF) C_
5 135 270 ns | 108 ns + (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 55 110 ns | 44 ns+ (0,23 ns/pF) C_
15 40 80 ns | 32ns+ (0,16 ns/pF) C_
sum in — CoyT 5 125 250 ns | 98 ns+ (0,55 ns/pF) C|
HIGH to LOW 10 | tpHL 50 100 ns | 39 ns+ (0,23 ns/pF) C_
15 35 70 ns | 27 ns+ (0,16 ns/pF) C_
5 100 200 ns | 73ns+ (0,55 ns/pF) C|_
LOW to HIGH 10 |tpLH 45 90 ns | 34ns+ (0,23 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C_
CjN —* sum out 5 130 260 ns | 103 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 50 100 ns | 39 ns+ (0,23 ns/pF) C_
15 35 70 ns | 27 ns+ (0,16 ns/pF) C
5 116 230 ns | 88ns+ (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 50 100 ns | 39 ns+ (0,23 ns/pF) C
15 35 70 ns | 27 ns+ (0,16 ns/pF) C_
CIN — COUT 5 90 180 ns 63 ns + (0,55 ns/pF) CL
HIGH to LOW 10 | tpHL 35 70 ns | 24ns+ (0,23 ns/pF) C_
15 25 50 ns | 17 ns+ (0,16 ns/pF) C_
5 75 150 ns | 48 ns+ (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 35 70 ns | 24ns+ (0,23 ns/pF) C_
15 25 50 ns 17 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 |tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 |tTLH 30 60 ns 9 ns + (0,42 ns/pF) C
i5 20 40 ns 6 ns + (0,28 ns/pF) C_
Vpp . where
v_ | typical formula for P (uW) ;= input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1500 f; + Z(foCy) x Vpp? CL = load capacitance (pF)
dissipation per 10 6000 f; + =(f,C) x Vpp? 2(foCL) = sum of outputs
package (P) 15 | 13500 fj + Z(f,CL) x Vpp* Vpp = supply voltage (V)

w ﬂctober 1980

143



HEF4008B
mSI

APPLICATION INFORMATION

word A + B inputs
A

r

\

Al————By Ag————Bg Ag———-By2 A13———-Byg
| 1 | | | | | |
Ic1 Ic2 Ic3 Ic4
! 1SN Cout[—1CIN Cout Cin Cout—1CIn Cout
v
IR R IR IR
S1777 7% Ss "~ Sg S9= 7" 52 $1377" " St
I\ J
sum outputs 7284125

Fig. 4 Example of a 16-bit full adder using 4 HEF4008B ICs.
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HEF4011B
J gates

QUADRUPLE 2-INPUT NAND GATE |~
The HEF4011B provides the positive quadruple 2-input NAND function. The outputs are fully
buffered for highest noise immunity and pattern insensitivity of output impedance.
1111 F 0.3 16] {131 12 [11] [0] 9] |8
2|1, 30—1— Voo Is I; O, O3 Ig Ig
I HEF4011B
5]1s
611, Dog_z_i L I 0, 0 I3 I, Vss
Tl BT el 5T e] 17
7269479
84ls O3 |10
9]1le — Fig. 2 Pinning diagram.
12{ 17 o. In HEF4011BP : 14-lead DIL; plastic (SOT-27K, M, T).
13] 1s j&—— HEF4011BD: 14-lead DIL; ceramic (cerdip) (SOT-73).
— HEF4011BT : 14-lead mini-pack; plastic
(SO-14;SOT-108A).

7269562

Fig. 1 Functional diagram.

11—
L Do Do
2 —

7274510.1

Fig. 3 Logic diagram (one gate).

FAMILY DATA l
see Family Specifications
Ipp LIMITS category GATES I
& Products approved to CECC 90 104-008. W (May 1983 145



HEF4011B

gates

A.C. CHARACTERISTICS

Vss =0V; Tamp = 25 °C; C_ = 50 pF; input transition times < 20 ns
VbD typical extrapolation
v symbol typ max formula
Propagation delays 5 55 110 ns | 28 ns + (0,55 ns/pF) C_
Ih—=0p 10 tPHL: tPLH 25 45 ns | 14 ns + (0,23 ns/pF) C_
15 20 35 ns | 12ns+ (0,16 ns/pF) C_
Output transition
times 5 60 120 ns | 10ns+ (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns | 9ns+ (0,42 ns/pF) C
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns | 10 ns+ (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns | 9ns+(0,42ns/pF) C|
15 20 40 ns 6 ns + (0,28 ns/pF) C_
VDD . where
v typical formula for P (uW) f; = input freq. (MHz)
) fo = output freq. (MHz)
Dynamic power 5 1300 f; + Z(foCy) x VDD C = load capacitance (pF)
dissipation per 10 6000 f; + Z(foC) x VDD 2 (foC) = sum of outputs
package (P) 15 20100 fj + Z(foCp) x VDD

Vpp = supply voltage (V)
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HEF4011UB

gates

[ —
QUADRUPLE 2-INPUT NAND GATE L "

The HEF4011UB is a quadruple 2-input NAND gate. This unbuffered single stage version provides
a direct implementation of the NAND function. The output impedance and output transition time
depends on the input voltage and input rise and fall times applied.

3 ] 3] [r2] [1] fio] o] [®
Vop Is I» Oy O3 Ig Is

HEF4011UB

[ ]

5413 02 |4

6]1s — I, I, 0, 0 I3 I, Vsg
[ e
[~ e}

1T 2] 13 el 1s] (o] |17
7283058
8]1s |
9]1s

— Fig. 2 Pinning diagram.

HEF4011UBP : 14-lead DIL; plastic (SOT-27K, M, T).

" HEF4011UBD: 14-iead DiL; ceramic (cerdip) (SOT-73).

HEF4011UBT : 14-lead mini-pack ; plastic
(SO-14;SOT-108A).

12117
13} Is

:

7269562

Fig. 1 Functional diagram.

o 8

—

_]E_ [ie—

| rEi

Fig. 3 Schematic diagram (one gate). The splitting-up of
the n-transistors provide identical inputs.

V
7284263 DD

FAMILY DATA

see Family Specifications
Ipp LIMITS category GATES J

& Products approved to CECC 90 104-009. w May 1983
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HEF4011UB

gates

A.C. CHARACTERISTICS
Vgs =0 V; Tamp =25 OC; C_ =50 pF; input transition times < 20 ns

VbDp typical extrapolation
Y, symbol typ. max. formula
Propagation delays
In — O 5 60 120 ns 25ns+ (0,70 ns/pF) C_
HIGH to LOW 10 tPHL 25 50 ns 12 ns + (0,27 ns/pF) C_
15 20 40 ns 10 ns + (0,20 ns/pF) C_
5 35 70 ns 8 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 20 40 ns 9 ns + (0,23 ns/pF) C_
15 17 35 ns 9 ns + (0,16 ns/pF) C_
Output transition 5 75 1560 ns 15 ns + (1,20 ns/pF) C_
times 10 tTHL 30 60 ns 6 ns + (0,48 ns/pF) C_
HIGH to LOW 15 20 40 ns 4 ns + (0,32 ns/pF) C_
5 60 110 ns 10 ns + (1,00 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C|_
15 20 40 ns 6 ns + (0,28 ns/pF) C|_
Input capacitance CIN 10 pF
VpD . where
v typical formula for P (uW) f, = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 500 f; + Z(f,C) x Vpp? CL = load capacitance (pF)
dissipation per 10 5000 f; + =(f,CL) x Vpp? Z(foCr) = sum of outputs
package (P) 15 25000 f; + Z(f,C) x Vpp? Vpp = supply voltage (V)
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HEF4011UB

Quadrupie 2-input NAND gate
gates
61
5 x 72842 500
\
|
Vo 1 'p
(V) (nA)
25 250
[
I
1 Fig. 4 Typical transfer characteristics;
/ \ one input, the other input connected to Vpp;
/ \\ —— V. — — — Ip(drain current); Ig = 0;
y \ ‘\ Vpp=5V.
0 £ Y
0 25 vy(v) 5
10 7284260 o
Vo D)
(V) (mA)
L\
/
5 / \\ 5
/
! \
9 . . s
7 \ Fig. 5 Typical transfer characteristics;
/ X one input, the other input connected to Vpp;
/ \ V—— Vq;o—v— — Ip(drain current); Ig = 0;
7 AV N = .
/ N\ DD
0 0
0 5 V| (V) 10
20 A 7284259 20
1
\
Vo [ ,l 'D
V) — \ (mA)
h \
J M —
10 l \ 10 —
PV =
nl \ A
‘ \
/ \ Fig. 6 Typical transfer characteristics;
/ \ \ one input, the other input connected to Vpp;
/ —— V: — — — Ipldrain current); Ig = 0;
0L4 0 Vpp =15 V.
0 0 vy 20
w (October 1980 149



HEF4011UB

gates
Rpias = 560k
-
L
Voo
0,47 'Ii input : I output 30“F
Vi ~ .
(f=1kHz) ﬁ o™
o : Y
7284363 5s
Fig. 7 Test set-up for measuring forward transconductance
gfs = dig/dv; at v, is constant (see also graph Fig. 8).
7284364
Curves in Fig. 8:
10 A : average,
9¢fs 34/ B : average +2s,
(MA/V) d C : average —2 s, in where:
's’ is the observed standard
7.5 A deviation.
A
/
/
. / D
INARD
/ )
A4
2,5
p 4
/
A
0 5 15
0 10 Vpp (V)

Fig. 8 Typical forward transconductance gyg as a
function of the supply voltage at Tamp = 25 ©C.
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HEF4011UB

gates

APPLICATION INFORMATION
Some examples of applications for the HEF4011UB are shown below.
Because of the fact that this circuit is unbuffered, it is suitable for use in (partly) analogue circuits.

VoD
1/4 HEF4011UB  1/4 HEF4011UB

INH L
A 8 o INH 0

D
H SC
cz-l- R2 = | |R1 -I—C1 9
l,

Vss C 7284265

(a)

forward voltage
clamping diode

7ZM1571

(b)

Fig. 9(a) Astable relaxation oscillator using two HEF4011UB gates; the diodes may be BAW62; C2 is
a parasitic capacitance. (b) Waveforms at the points marked A, B, C and D in the circuit diagram.

In Fig. 9 the oscillation frequency is mainly determined by R1C1, provided R1 < < R2 and
R2C2 << R1C1.
The function of R2 is to minimize the influence of the forward voltage across the protection diodes
on the frequency; C2 is a stray (parasitic) capacitance. The period Tp is given by Tp =Tq + T9, in which
+ p—
T1=RI1C1In V._DD_VS_I and Tp = R1C1 In 2_VP.D__Y_S_T where
VsT Vbp — VsT
Vg is the signal threshold level of the gate. The period is fairly independent of Vpp, VgT and

temperature. The duty factor, however, is influenced by VgT.
w October 1980
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HEF4011UB

gates
1MQ
{1 [0}
INH (e}
INH ) 2.2k 4 MHz L H
}—D—l—ﬂi—l—— v | osc
100 25
1/4 HEF4011UB oF I ;F’F
2 2
7284267
Fig. 10 Example of a crystal oscillator using one HEF4011UB gate.
7284258
10
Vo
(V)
/
4
typ 1/
5 7 330kQ
4
7 1/4 HEF4011UB
7 7284269
/ . Fig. 12 Test set-up for measuring
0 Y graph of Fig. 11. Condition: all other
0 5 10 VDD V) 15 inputs connected to ground.

Fig. 11 Output voltage as a function
of supply voltage.

NOTES

If a gate is just used as an amplifying inverter, there are two possibilities:

a. Connecting the inputs together gives simpler wiring, but makes the device output not completely
symmetrical.

b. Connecting one input to Vpp will give the device a symmetrical output.
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Quadruple 2-input NAND gate

HEF4011UB

gates
7284251.1 72842571
50 20
'bp
gain ‘\ (mA) I
Vg/V,) 15
typ /
typf
. /
25 N 10
~
5
/V
v
0 0
0 5 10y 0w 0 5 10y w 18

Fig. 13 Voltage gain (Vp/V)) as a function
of supply voltage.

330k

1/4 HEF4011UB
7284269

Fig. 15 Test set-up for measuring graphs
of Figs 13 and 14. Condition: all other inputs
connected to ground.

330kS2

input
P output

1/4 HEF4011UB
INH 7284271

Fig. 16 Example of an analogue amplifier
with inhibit using one HEF4011UB gate.

Fig. 14 Supply current as a function

of supply voltage.
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HEF4012B

, gates

[ 3
DUAL 4-INPUT NAND GATE | —4

The HEF4012B provides the positive dual 4-input NAND function. The outputs are fully buffered for
highest noise immunity and pattern insensitivity of output impedance.

lh 16| [13] [12] 11} fio} J9] |8
1 |
_%_12 04 _—1_ Vop O3 Ig I5 Ig Is nc
_§_T3_r— HEF4012B
“' -
915 0, I4 Ip I3 I, nc Vss

101 1] 2] 13 le] 1s] L8 |7
—1-6 0,]13 7269480
il (B =

12} 1g [

Fig. 2 Pinning diagram.

7269563

HEF4012BP : 14-iead DIL; plastic (SOT-27K, M, T).
Fig. 1 Functional diagram. HEF4012BD: 14-lead DIL; ceramic (cerdip) (SOT-73).
HEF4012BT : 14-lead mini-pack; plastic
(SO-14;SOT-108A).

|1 p—
i —
2
04
13 —
4 7274509

Fig. 3 Logic diagram (one gate).

-
FAMILY DATA |
see Family Specifications
Ipp LIMITS category GATES |
& Products approved to CECC 90 104-010. May 1983 155



HEF4012B

gates

A.C. CHARACTERISTICS .
Vgs =0V; Tamp = 25 ©C; C_ = 50 pF; input transition times < 20 ns

Vbp typical extrapolation
v symbol typ max formula
Propagation delays
In —= Op 5 70 135 ns| 43 ns+ (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 25 50 ns| 14ns+ (0,23 ns/pF) C_
15 20 35 ns| 12ns+ (0,16 ns/pF) C_
5 70 140 ns| 43 ns+ (0,55 ns/pF) C_
LOW to HIGH 10 tpLH 30 60 ns| 19ns+ (0,23 ns/pF) C|_
15 25 50 ns| 17 ns+ (0,16 ns/pF) C_
Output transition
times 5 60 120 ns| 10ns+(1,0ns/pF) C|
HIGH to LOW 10 tTHL 30 60 ns| 9ns+(0,42ns/pF)CL
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns| 10ns+ (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns| 9ns+(0,42ns/pF)CL
15 20 40 ns| 6ns+ (0,28 ns/pF) C|
Vbp typical formula for P (uW) where
\% fi = input freq. (MHz)
) fo = output freq. (MHz)
Dynamic power 5 1100 f; + Z(foC) x VDDZ C|_ = load capacitance (pF)
dissipation per 10 4400 f; + Z(fo,CL) x Vpp Z(foCL) =sum of outputs
package (P) 15 12900 f; + =(f,CL) x Vpp®

Vpp = supply voltage (V)
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HEF4013B
flip-flops

[
DUAL D-TYPE FLIP-FLOP L~

The HEF4013B is a dual D-type flip-flop which features independent set direct (Sp), clear direct (Cp),
clock inputs (CP) and outputs (O,0). Data is accepted when CP is LOW and transferred to the output on
the positive-going edge of the clock. The active HIGH asynchronous clear-direct (Cp) and set-direct (Sp)
are independent and override the D or CP inputs. The outputs are buffered for best system performance.
Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock rise and fall
times.

FUNCTION TABLES

6
S l inputs outputs
D1 Splcplce|p| O | O
HiL|X|X|]HI|L
3 cPy FF LIH|X|X|L|H
_ 2 HIH|X{X|H]|H
04
C inputs outputs
D1 =
4] ' Sp|Cp|CP|{D | On+1 | On+1
8 L{L|/]|L L H
] I L|L |/ |H H L
S
9 DZO 13 H = HIGH state (the more positive voltage)
D2 2 L = LOW state (the less positive voltage)
X = state is immaterial
1
CPy FF s = positive-going transition
62 12 Op + 1 = state after clock positive transition
Cp2 PINNING

10} | D  datainputs

CP clock input (L to H edge-triggered)

7269524.1 Sp asynchronous set-direct input (active HIGH)
Cp asynchronous clear-direct input (active HIGH)
Fig. 1 Functional diagram. O true output

O complement output

] [3] [2] [11] [0] [s] [
Vop 02 02 CP; Cpz D2 Sp

HEF4013BP : 14-lead DIL; plastic (SOT-27K, M, T).

HEF4013BT : 14-lead mini-pack ; plastic
(SO-14;SOT-108A).

0, O, CPy Cp; Dy Spi Vss
T T2l 3] 1&] 151 18] 17
7269481

Fig. 2 Pinning diagram.

FAMILY DATA
} see Family Specifications

Ipp LIMITS category FLIP-FLOPS

HEF4013B HEF4013BD: 14-lead DIL; ceramic (cerdip) (SOT-73).

€  Products approved to CECC 90 104-011. May 1983
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Dual D-type flip-fiop

HEF4013B

flip-flops

A.C. CHARACTERISTICS

Vgg =0V, Tamp = 25 ©C; C_ = 50 pF; input transition times < 20 ns

Vbp
v

typical extrapolation

symbol | min. typ. max. formula
Propagation delays
cP—=0,0 5 110 220 ns | 83ns+ (0,55 ns/pF)C|
HIGH to LOW 10 itpHL 45 90 ns | 34ns+(0,23 ns/pF)CL
15 30 60 ns 22 ns + (0,16 ns/pF)C
5 95 190 ns 68 ns + (0,55 ns/pF)C|_
LOW to HIGH 10 |tpLH 40 80 ns | 29ns+ (0,23 ns/pF)C
15 30 60 ns 22 ns + (0,16 ns/pF)C|_
Sp—=0 5 100 200 ns | 73ns+ (0,55 ns/pFIC
HIGH to LOW 10 (tpHL 40 80 ns | 29ns+ (0,23 ns/pFIC|_
15 30 60 ns 22 ns + (0,16 ns/pF)C_
Sp—=0 5 75 150 ns 48 ns + (0,55 ns/pF)C_
LOW to HIGH 10 |tpLH 35 70 ns | 24ns+ (0,23 ns/pF)C(
15 25 50 ns | 17ns+ (0,16 ns/pF)C_
Cp—=0 5 100 200 ns 73 ns + (0,55 ns/pF)C_
HIGH to LOW 10 |tpHL 40 80 ns | 29ns+ (0,23 ns/pF)C
15 30 60 ns 22 ns + (0,16 ns/pF)C_
cp—=0 5 60 120 ns | 33ns+(0,55ns/pFiC
LOW to HIGH 10 (tpLH 30 60 ns | 19ns+ (0,23 ns/pF)C
. 15 20 40 ns | 12ns+ (0,16 ns/pF)C
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 |ttHL 30 60 ns | 9ns+(0,42ns/pF)C
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns | 10ns+(1,0ns/pF) C
LOW to HIGH 10 |tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_

W (May 1983
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flip-flops

A.C. CHARACTERISTICS

Vgs =0V; Tamp = 25 °C; C_ = 50 pF; input transition times < 20 ns

VBD symbol | min. typ. max.
Set-up time 5 40 20 ns
D — CP 10 |tg 25 10 ns
15 15 5 ns
Hold time 5 20 0 ns
D —=CP 10 |thoiq |20 0 ns
: 15 15 0 ns
Minimum clock 5 60 30 ns
pulse width; LOW 10 |twepL | 30 15 ns
15 20 10 ns
Minimum Sp pulse 5 50 25 ns see also waveforms
width; HIGH 10 |twspH | 24 12 ns Figs 4 and 5
15 20 10 ns 9
Minimum Cp pulse 5 50 25 ns
width; HIGH 10 |twcDH | 24 12 ns
15 20 10 ns
Recovery time 5 15 -5 ns
for Sp 10 |tRrsp 15 0 ns
15 15 0 ns
Recovery time 5 40 25 ns
for Cp 10 |trcD 25 10 ns
15 25 10 ns
Maximum clock 5 7 14 MHz
pulse frequency 10 | fmax 14 28 MHz
15 20 40 MHz
VDD | typical formula for P (uW) where
y | typcal tormutator Fix f; = input freq. (MHz)
- fo = output freq. (MHz)
Dynamic power 5 850 f; + Z(foCL) x Vpp? C| = total load cap. (pF)
dissipation per 10 | 3600 f; + Z(f,CL) x Vpp? Z(foC) =sum of outputs
package (P) 15 | 9000 f; + =(f,CL) x Vpp? Vpp = supply voltage (V)
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Dual D-type flip-flop HEF4013B

flip-flops

1/fmax |
- twepL ™|

CP INPUT 50%

—| thold |
D INPUT §50%
— tSU -

Fig. 4 Waveforms showing set-up times, hold times and minimum clock pulse width.
Set-up and hold times are shown as positive values but may be specified as negative values.

7269573.2

Sp INPUT 50% \

< twSDH ™|

Cp INPUT 50%

(

CP INPUT

-<—1tRCD

O OUTPUT

7269577.2

Fig. 5 Waveforms showing recovery times for Sp and Cp; minimum Sp and Cp pulse widths.

w (May 1983
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HEF4013B
flip-flops

APPLICATION INFORMATION
Some examples of applications for the HEF4013B are:

® Counters/dividers
® Registers
® Toggle flip-flops

D——D O 0 of}—---——p of}— o0
FF
cp FF cpP 2 cp FF
or ot o
clock : . == 7282332

Fig. 6 Typical application of the HEF4013B in an n-stage shift register.

D 0} ——D (0] —— D oF— O
clock —»—{cP FF—l »~{cp FF h‘-—-— ~—{cp FF
1 2 n
'6‘-] 6—) 6'—]
7282333
T-type flip-flop

Fig. 7 Typical application of the HEF4013B in a binary ripple up-counter; divide-by-2N,

—{o o o o -————1o o >
~—ce ff —ce °F —ce FF

Ol
1

Ol
I

ol
|

clock ¢ é -

7282334

Fig. 8 Typical application of the HEF4013B in a modified ring counter; divide-by-(n + 1).
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-
8-BIT STATIC SHIFT REGISTER | —

The HEF4014B is a fully synchronous edge-triggered 8-bit static shift register with eight synchronous
parallel inputs (Pg to P7), a synchronous serial data input (Dg), a synchronous parallel enable input
(PE), a LOW to HIGH edge-triggered clock input (CP) and buffered parallel outputs from the last three

stages (Og to O7).

Operation is synchronous and the device is edge-triggered on the LOW to HIGH transition of CP. Each
register stage is of a D-type master-slave flip-flop. When PE is HIGH, data is loaded into the register from
Pg to P7 on the LOW to HIGH transition of CP. When PE is LOW, data is shifted to the first position
from Dg, and all the data in the register is shifted one position to the right on the LOW to HIGH
transition of CP. Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower

clock rise and fall times

7 |16 |5 |4 [13 |14 |15 |1

9 |PE

Po |P1 |P2 [P3 [P4 [Ps [P |P7

>

nlPs [

Dy D D
10fcp o0 ! SHIFTREGISTER  /
8-BITS
Og |06 |O7
7269525.3 2 {12 13

Fig. 1 Functional diagram.

A 0GRl 1 B3l G5 a1 Gel (Gl
i) JISp_Jia Ji3 Jt2] Jit] _JiO Js

Voo Ps Ps P, Og Ds CP PE

HEF40148 HEF4014BP : 16-lead DIL; plastic (SOT-382). =
P, Os O; Py P, Py Py Vss HEF4014BD: 16-lead D|.L.; ceramic (ce:rdip) (SOT-74). —
T T s Te 17T 1o HEF4014BT : 16-lead mini-pack ; plastic —
7269482 (SO-16;SOT-109A).
Fig. 2 Pinning diagram.
FAMILY DATA
see Family Specifications

Ipp LIMITS category MSI
& Products approved to CECC 90 104-012. May 1983 163
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8-bit static shift register

HEF4014B
mSi

PINNING

PE parallel enable input

Pp to P7 parallel data inputs

Dg serial data input
cP clock input (LOW to HIGH edge-triggered)
Og to O7 buffered parallei outputs from the iast three stages

FUNCTION TABLES

Serial operation

Parallel operation

A.C. CHARACTERISTICS
Vgs =0 V; Tamp = 26 OC; C|_ = 50 pF; input transition times < 20 ns

inputs outputs inputs outputs
n| CP |Dg |PE |Og |Og | O7 n | CP |Dg|PE |Og|Og | O7
1) / [Dp|L | X |X|X 11/ { X |H |P5|Pg|P7
2 J |Dp|L | X |X|X . | X | X | nochange
3| /7 |D3|L X |X|X
6| /S | X |L |DT|X|X H = HIGH state (the more positive voltage)
7| /7 | X |L [Dg|Dg|X L = LOW state (the less positive voltage)
8| / | X |L |D3|Dg|Djq X = state is immaterial
. | X | X | nochange /= positive-going transition
\. = negative-going transition
Dp, = either HIGH or LOW
n = number of clock pulse transitions

VbpD
v

typical formula for P (uW)

where
f; = input freq. (MHz)

Dynamic power
dissipation per
package (P)

5
10
15

900 fj + Z(foC) x Vpp?
4300 f; + Z(f5CL) x Vpp?
12000 f; + Z(foCL) x Vpp?

fo = output freq. (MHz)
C| = load cap. (pF)
Z(foCL) = sum of outputs
Vpp = supply voltage (V)
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A.C. CHARACTERISTICS
Vs =0 V; Tamp = 25 °C; C|_ = 50 pF; input transition times < 20 ns

Vpp . typical extrapolation
y symbol | min. typ. max. formula
Propagation delays
Cp — Op 5 130 260 ns 103 ns + (0,55 ns/pF) C|_
HIGH to LOW | 10 |tpy, 55 110 ns 44 ns + (0,23 ns/pF) C|_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
5 116 230 ns 88 ns + (0,55 ns/pF) C_
LOW to HIGH 10 |tpry 50 100 ns 39 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns + (0,16 ns/pF) C|_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 | ttHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C|_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 | tyLH 30 60 ns 9 ns + (0,42 ns/pF) C
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Set-up times 5 40 10 ns
PE — CP 10 |tg, 25 5 ns
15 15 0 ns
5 35 -5 ns
Dg —= CP 10 |tgy 25 -5 ns
15 25 0 ns
5 35 -5 ns
Pnh — CP 10 |tgy 25 -5 ns
15 25 0 ns
Hold times 5 25 -5 ns
PE —= CP 10 [tholg | 20 O ns e aso waveforms
15 15 0 ns 9
5 30 15 ns
Dg —= CP 10 | thold 20 10 ns
15 15 7 ns
5 30 15 ns
Pn —= CP 10 | thold 20 10 ns
15 15 7 ns
Minimum clock 5 70 35 ns
pulse width; LOW 10 | twepL 30 15 ns
15 24 12 ns
Maximum clock 5 6 13 MHz
pulse frequency 10 | fmax 15 30 MHz
15 20 40 MHz
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8-bit static shift register
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ms!

APPLICATION INFORMATION
Some examples of applications for the HEF4014B are:

® Parallel-to-serial converter
® Serial data queueing
® General purpose register

October 1980



HEF4015B

mSl

DUAL 4-BIT STATIC SHIFT REGISTER

The HEF40158B is a dual edge-triggered 4-bit static shift register (serial-to-parallel converter). Each shift
register has a serial data input (D), a clock input (CP), four fully buffered parallel outputs (Og to O3)
and an overriding asynchronous master reset input (MR). Information present on D is shifted to the
first register position, and all the data in the register is shifted one position to the right on the LOW-to-
HIGH transition of CP. A HIGH on MR clears the register and forces Og to O3 to LOW, independent
of CP and D. Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock

rise and fall times.

160 J15{ [14] {13] {12 1 10

9

15/P8 Opgl13 HEF4015BT : 16-lead mini-pack; plastic
(SO-16;SOT-109A).

SHIFT O18]12

CP
1]~'8 RiGISTER 0,511
-BITS
O3g|2
Fig. 1 Functional diagram.
4|MRg ] ’ ?
7269526.2
PINNING
Da. D serial data input
MRA, MRg master reset input (active HIGH)
CPa, CPg clock input (LOW-to-HIGH edge-triggered)

OpA- O1A. O2A, 03a  parallel outputs
Opg. 018, O2p, O3 parallel outputs

APPLICATION INFORMATION
Some examples of applications for the HEF4015B are:

® Serial-to-parallel converter
® Buffer stores
® General purpose register

FAMILY DATA 1
see Family Specifications
Ipp LIMITS category MSI J

Voo Dg MRgOgg O1g Oz O3aCPa
7]|Pa Opals HEF40158
cp SHIFT O1ala CPg 03 024 O1a Oga MRA Da Vss
1 2 3 L 5 6 7 8
91*'Al REGISTER |Oa|3 o
4-8ITS [
3A[10 Fig. 2 Pinning diagram.
6{MRa | HEF4015BP : 16-lead DIL; plastic (SOT-38Z).

HEF4015BD: 16-lead DIL ; ceramic (cerdip) (SOT-74).

& Products approved to CECC 90 104-013. j ( May 1983
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LOGIC DIAGRAM (one register)

D {> D 0 !
FF FF FF
CPF1F — 5 — 3 — 4
Cp
ce— [
N
MR |V 7269696.3

Fig. 3 Logic diagram.

FUNCTION TABLE

inputs outputs
n | CPID [MR|Og |07 |02 |03
1|/ |Dg|{L Dy X | X |[X
2 | /S |Dp| L |Dp|Dy| X |X
3 |/ |[D3 | L |[D3|Dg|Dq | X
4 | /S |[Dg | L |Dg|D3|D2g |Dyq
A X L no change
X | X |HL]|L 1 L | L

= HIGH state (the more positive voltage)
= LOW state (the less positive voltage)

= state is immaterial

= positive-going transition

= negative-going transition

n = either HIGH or LOW

= number of clock pulse transitions

ASNXr T

S o
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Dual 4-bit static shift register

HEF4015B

MSI

A.C. CHARACTERISTICS
Vgs =0 V; Tamb = 25 ©C; C_ = 50 pF; input transition times < 20 ns

VpD . typical extrapolation
y symbol | min. typ. max. formula
Propagation delays
CP — Oy 5 130 260 ns 103 ns + (0,55 ns/pF) C_
HIGHto LOW | 10 |tpyL 55 110 ns 44 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
5 120 240 ns 93 ns + (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 55 110 ns 44 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns + (0,16 ns/pF) C
MR —= O 5 105 210 ns 78 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 45 90 ns 34 ns + (0,23 ns/pF) C_
15 35 70 ns 27 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 |tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 |tTLH 30 60 s 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Set-up time 5 26 -15 ns
D —=CP 10 |tgy 25 -10 ns
15 20 -5 ns
Hold time 5 40 20 ns
D —=CP 10 | thold 20 10 ns
15 15 8 ns
Minimum clock 5 60 30 ns
. see waveforms
pulse width; LOW { 10 | twcpL 30 15 ns Figs 4 and 5
. 15 20 10 ns
Minimum MR 5 80 40 ns
pulse width; HIGH | 10 | twmRrH | 30 15 ns
15 24 12 ns
Recovery time 5 50 20 ns
for MR 10 |tRMR 30 10 ns
15 20 5 ns
Maximum clock 5 7 15 MHz
pulse frequency 10 |fmjax | 15 30 MHz
15 | 22 44 MHz
VbD ; where
v typical formula for P (uW) f, = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1500 f; + Z(f,CL) x Vpp? | C| =load capacitance (pF)
dissipation per 10 6300 f; + Z(f,Cy ) x Vpp? Z(foCL) = sum of outputs
package (P) 15 | 17000 fj + Z(foCL) x Vpp? | Vpp = supply voltage (V)

W (May 1983
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CP INPUT

50 %%

thold I"

<

50%

7269697 .1

Fig. 4 Waveforms showing set-up times, hold times and minimum clock pulse width.
Set-up and hold times are shown as positive values but may be specified as negative values.

MR INPUT

CP INPUT

506

OUTPUT & %

7269695

Fig. 5 Waveforms showing recovery time for MR and minimum MR pulse width.
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HEF4016B

gates

[
QUADRUPLE BILATERAL SWITCHES |

The HEF40168B has four independent analogue switches (transmission gates). Each switch has two input/
output terminals (Y/Z) and an active HIGH enable input (E). When E is connected to Vpp a low
impedance bidirectional path between Y and Z is established (ON condition). When E is connected to
Vgg the switch is disabled and a high impedance between Y and Z is established (OFF condition).
Current through a switch will not cause additional Vpp current provided the voltage at the terminals

of the switch is maintained within the supply voltage range; Vpp = (Vy, Vz) = Vgs. Inputs Y and Z
are electrically equivalent terminals.

|13 1 |5 4 |6 8 |12 11

|_E_0Y0 | Y1r_2 Yzli;Ys
1] [3] [i2] [1] [o] [3] [e
Vo Eo B3 Y3 Z3 Z; YV

HEF4016B

Zo Z4 Z2 Z3
3 3 5 0 Yo Zo 2y Yy E, E; Vs
1T 2] 18] el 15T 1] 17
7269484
7269571.2
Fig. 1 Functionai diagram. Fig. 2 Pinning diagram.

HEF4016BP : 14-lead DIL; plastic (SOT-27K, M, T).
HEF4016BD: 14-lead DIL; ceramic (cerdip) (SOT-73).
HEF4016BT : 14-lead mini-pack; plastic (SO-14;SOT-108A).

PINNING APPLICATION INFORMATION
Eg to E3 enable inputs Some examples of applications for the HEF4016B are:
Yq to Y3 input/output terminals ® Signal gating
Zg to Z3 input/output terminals ® Modulation
® Demodulation
® Chopper
Yo
Voo v v,
DD —4——{€— Vss
EEELE on | | Ves _
E | —
0 ﬁ::l‘ — =
Lim L = 1 =
s =
—
Vss ﬁ :ﬁ VoD —{4——14—Vss
Z9
7269694.3
Fig. 3 Schematic diagram (one switch).
& Products approved to CECC 90 104-014. w (May 1983 173
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gates

RATINGS

Limiting values in accordance with the Absolute Maximum System (1EC 134)

Power dissipation per switch P max. 100 mW
For other RATINGS see Family Specifications

D.C. CHARACTERISTICS
Tamb = 25 ©C; Vgg = 0 V (unless otherwise specified)

parameter V\E}D symbol typ. max. unit conditions
5 8000 - Q 1 EpatViH
ON resistance 10 RoN 230 690 Q Vis=0to Vpp
15 115 350 Q J see Fig. 4
5 140 425 Q 1 Enat Viy
ON resistance 10 RoN 65 195 Q Vis = Vss
15 50 145 Q J see Fig. 4
5 170 515 Q 1 EnatViH
ON resistance 10 Ron 95 285 Q Vis= VDD
15 75 220 Q J see Fig. 4

‘A’ ON resistance 5 200 - Q [ EpatViy

between any two 10 ARQN 15 - Q { Vis=0toVpp

channels 15 10 — Q ) see Fig. 4

VbD Tamb (°C)

parameter \ symbol|{ —40 +25 + 85 unit condition

min. max. min. max. min. max.

Quiescent 5 - 10 - 10 - 7,5 |uA Vgs = 0; all
device 10 IpD - 20 — 20 - 150 |pA valid input
current 15 - 40 - 40 — 300 |uA combinations;

V| =VggorVpp

Input leakage . o _ _
current at E, 15 N 300 1000 {nA Enat Vggor Vpp

OFF-state
leakage 5 - - - - - - nA Enat ViL;
current, any | 10 loz - = - - - - nA } Vis = Vsgor Vpp;
channel OFF | 15 - - - 200 - -— nA Vgs = Vpp or Vss

Ep, input 5 - 15 - 15 - 15 |V I switch OFF;
voltage LOW | 10 |V - 30 - 30 - 30 |V see Fig. 9

15 - 40 - 40 - 40 |V J forlpz

Ep input 5 35— 35— 35— \% low-impedance

voltage HIGH | 10 ViH 7,0 — 70— 70— \' between Y and
15 11,0 - 11,0 — 11,0 — Y Z (ON condition)
see Rgp switch
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Quadruple bilateral switches

En —Do—{>o—<-[>o—
(at Vyy or Vpp)
z

Yn

n

Vis=Vssto Vpp lig=1004A

’l’ 7284149.1
4

Vss

Fig. 4 Test set-up for measuring Rgn.

7284150.1
\
200 / \ Voo
" 10V
ON
() / X\
[\

100 [ % o

/ ~—

/

% 4 8 12 Vig (V) 16

Fig. 5 Typical Ry as a function of input voltage.
Eqn>ViH

lis = 100 A

Vgg =0V
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A.C. CHARACTERISTICS Vgg =0 V; Tamp = 25 °C; input transition times < 20 ns

VeD symbol typ. max.
Propagation delays
Vis = Vs 5 25 50 ns
HIGH to LOW 10 tPHL 10 20 ns note 1
15 5 10 ns
5 20 40 ns l
LOW to HIGH 10 tPLH 10 20 ns note 1
15 5 10 ns J
Output disable times
En — Vos 5 40 80 ns 1
HIGH 10 tpHZ 30 60 ns note 2
15 25 50 ns J
5 35 70 ns
LOW 10 tpLZ 25 50 ns note 2
15 25 50 ns
Output enable times
En — Vs 5 40 80 ns l
HIGH 10 tpZH 20 40 ns note 2
15 15 30 ns J
5 40 80 ns l
LOW 10 tpzL 20 40 ns note 2
15 15 30 ns J
Distortion, sine-wave 5 - % l
response 10 0,08 % note 3
15 0,04 % J
Crosstalk between 5 - MHz l
any two channels 10 1 MHz note 4
15 — MHz J
Crosstalk; enable 5 - mV 1
input to output 10 50 mV note 5
15 - mv |
OFF-state 5 - MHz
feed-through 10 1 MHz note 6
15 - MHz
ON-state frequency 5 — MHz l
response 10 20 MHz note 7
15 - MHz | J
VpD i where
typical f la for P (uW
Y ypical formula for P (uW) f, = input freq. (MHz)
] fo = output freq. (MHz)
Dyn.anjlc power 5 550 f; + £(foCL) x Vpp? C| = load capacitance (pF)
dissipation per 10 2600 f; + Z(fo,C ) x Vpp? Z(foCL) = sum of outputs
package (P)* 15 | 6500f; + Z(f,C) x Vpp*? Vpp = supply voltage (V)

* All enable inputs switching.

176
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Quadruple bilateral switches HEF401GB

gates

NOTES

Vijs is the input voltage at a Y or Z terminal, whichever is assigned as input.
Vs is the output voltage at a Y or Z terminal, whichever is assigned as output.

1.
2.

R =10 k2 to Vgg; C_ =50 pF to Vgs; En = Vpp: Vis = Vpp (square-wave); see Figs 6 and 10.
R =10k; C =50 pF to Vgg; En = Vpp (square-wave);

Vis = Vpp and R|_ to Vgg for tpyz and tpzH:

Vis = Vgs and R_to Vpp for tp_z and tpz ; see Figs 6 and 11.

. RL=10k; C_= 15 pF; Ep = Vpp: Vis = %VpD(p-p) (sine-wave, symmetrical about %2Vpp);

fis = 1 kHz; see Fig. 7.

R =1k&; Vis = %Vpp(p-p) (sine-wave, symmetrical about %2Vpp);
Vos
Vis (A)

20 log =_-50dB; Ep (A) =Vgg; E, (B) = Vpp; see Fig. 8.

. R_= 10k to Vgg; C_= 15 pF to Vgg; Ep = Vpp (square-wave); crosstalk is |V | (peak value);

see Fig. 6.

.RL=1kQ;C =5pF; E = Vgs; Vis = %VDD(p-p) (sine-wave, symmetrical about %2Vpp);

v
20 log —= = —50dB; see Fig. 7.
Vis

.RL=1k&; C_=5pF; Ey = Vpp: Vis = %VDD(p-p) (sine-wave, symmetrical about 2V pp);

v
20 log —2 = —3 dB; see Fig. 7.
Vis

w (May 1983
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HEF4016B

gates

os is F ] ? os

L CL RL CL
7Z84146.1 7284147 .1

“Deberbeg ooy

Fig. 6. Fig. 7.

En (A) —‘DO‘DO“"D switch A En (B) switch B
Vi (A) Vs (B)
RL R R
Vss Vss
7274580.2
(a) (b)
Fig. 8.

Vob

72841481

Fig. 9.
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Quadruple bilateral switches

gates

)\

HEF4016B

VOS

20ns 20ns
= T
\Y
f90% \ Do
50%
10% Vss
50%
— <_tPLH —_— tPHL -
7279897

20ns

—>|<—

Fig. 10 Waveforms showing propagation delays from Vg to V.

20ns

_>| -

\%
ZL 90% oo
En INPUT 50% S
10% Vss
90%
Vos (1)
10%
- -— tpzH — tsz -
)N 90% /
Vos (2}
\ 10% —
— - tpzL —=ltpz l=— 7279898 =
(1) Vis at Vpp: (2) Vjs at Vgs.
Fig. 11 Waveforms showing output disable and enable times.
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HEF4017B

MSI

[
5-STAGE JOHNSON COUNTER | —

The HEF4017B is a 5-stage Johnson decade counter with ten spike-free decoded active HIGH outputs )
(Og to Og), an active LOW output from the most significant flip-flop (Og.g), active HIGH and active
LOW clock inputs (CPq,CP4) and an overriding asynchronous master reset input (MR).

The counter is advanced by either a LOW to HIGH transition at CPg while CP{ is LOW or a HIGH to
LOW transition at CPq while CPg is HIGH (see also function table).

When cascading counters, the Og.g output, which is LOW while the counter is in states 5, 6, 7, 8 and
9, can be used to drive the CPg input of the next counter.

A HIGH on MR resets the counter to zero (Og = Og.g = HIGH; 01 to Og = LOW) independent of the
clock inputs {(CPg, CP1).

Automatic code correction of the counter is provided by an internal circuit: following any illegal code’
the counter returns to a proper counting mode within 11 clock pulses.

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

times.
13|CP1 o
D_ 5—STAGE JOHNSON COUNTER
14|CPqy |——
T5[ VIR I I
Os-9]12
DECODING AND OUTPUT CIRCUITRY
00 01 02 03 04 05 06 07 08 09
7269564.3 3 12 |4 |7 Nof1 |5 |6 |9 |11
16] _[15] [1a] [13] [r2] 1] [io] [s Fig. 1 Functional diagram.
Vpp MR CPy CP; 05.¢ 0g 0, Og
HEF4017B

HEF40178BP : 16-lead DIL; plastic (SOT-382)
Os 0, Oy O, Og O; O3 V. ’ .
15 21 30 : 56 57 73 25 HEF4017BD: 16-lead DIL ; ceramic (cerdip) (SOT-74).
e HEF4017BT : 16-lead mini-pack; plastic (SO-16; SOT-109A).
Fig. 2 Pinning diagram.

PINNING

CPo clock input (LOW to HIGH triggered)
CPq clock input (HIGH to LOW triggered)
MR master reset input

OptoOg decoded outputs

O5-9 carry output (active LOW)

FAMILY DATA

see Family Specifications
Ipp LIMITS category MSI

€ Products approved to CECC 90 104-015. May 1983
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B-stage Johnson counter

HEF4017B

Msi

FUNCTION TABLE

MR | CPg | CPq operation

H X X Oo=65_g=H,‘O1toOg=L
L H \ Counter advances

L v L Counter advances

L L X No change

L X H No change

L H va No change

L AN L No change

A.C. CHARACTERISTICS

H = HIGH state (the more positive voitage)

L = LOW state (the less positive voltage)
X = state is immaterial

/ = positive-going transition

\L = negative-going transition

Vgs =0 V; Tamp = 25 OC; C|_ = 50 pF; input transition times < 20 ns

\% . typical extrapolation
\E;D symbol | min. typ. max. yp formuria
Propagation delays
CPg,CP1—=0gtoOg| 5 140 280 ns 113 ns + (0,65 ns/pF) C|_
HIGH to LOW 10 | tpHL 55 110 ns 44 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
5 126 250 ns 98 ns + (0,55 ns/pF) C|_
LOW to HIGH 10 | tpLH 50 100 ns 39 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
CPg,CPy —= Og.9| 5 145 290 ns | 118 ns+ (0,55 ns/pF) C|_
HIGH to LOW 10 | tpHL 55 110 ns 44 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
5 125 250 ns 98 ns + (0,565 ns/pF) C|_
LOW to HIGH 10 | tpLH 50 100 ns 39 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
MR — 04 to Og 5 115 230 ns 88 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 50 100 ns 39 ns + (0,23 ns/pF) C|_
15 35 70 ns 27 ns+ (0,16 ns/pF) C_
MR — Og.g 5 110 220 ns 83 ns + (0,55 ns/pF) C|_
LOW to HIGH 10 | tpLH 45 90 ns 34 ns + (0,23 ns/pF) C_
15 35 70 ns 27 ns + (0,16 ns/pF) C_
MR —s Og 5 130 260 ns 103 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 556 105 ns 44 ns + (0,23 ns/pF) C_
15 40 75 ns 32ns + (0,16 ns/pF) C_
Output transition

times 5 60 120 ns 10ns+ (1,0 ns/pF) Cp
HIGH to LOW 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10ns+ (1,0 ns/pF) C_
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) C|_
15 20 40 ns 6 ns + (0,28 ns/pF) C_

e
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HEF4017B
msi

A.C. CHARACTERISTICS
Vss =0 V; Tamp =25 °C; C|_ = 50 pF; input transition times < 20 ns

VeD symbol | min. typ. max.
Hold times 5 90 45 ns
CPg — CPq 10 | thold 40 20 ns
15 20 10 ns
5 80 40 ns
CPy —= CPg 10 | thoid 40 20 ns
15 30 10 ns
Minimum clock
pulse width: 5 twePL = 80 40 ns
CPg=LOW; 10 40 20 ns see also waveforms
CP1 =HIGH 15 | 'WCPH 30 15 ns Figs 4 and 5
Minimum MR 5 50 25 ns
pulse width; HIGH 10 |twmRH | 30 15 ns
15 20 10 ns
Recovery time 5 60 30 ns
for MR 10 | tRMR 30 15 ns
15 20 10 ns
Maximum clock 5 6 12 MHz
pulse frequency 10 | fmax 12 24 MHz
15 15 30 MHz
Vpp X where
v typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 500 f; + Z(foCL) x Vpp? CL = load cap. (pF)
dissipation per 10 | 2200 f; + Z(foCL) x Vpp? 2Z(foCLL) =sum of outputs
package (P) 16 | 6000 f; + =(foCL) x Vpp? Vpp = supply voltage (V)
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5-stage Johnson counter HEF4017B
MSI

CPy INPUT 50%

—| thold | —| thoid |l

CP, INPUT 50% 50%

7269578.1

- tween —|

Fig. 4 Waveforms showing hold times for CPg to CP4 and CP1 to CP,.
Hold times are shown as positive values, but may be specified as negative values.

<~—twepL —

CPy INPUT 50°/o 50%

MR INPUT

0, OUTPUT & %

7269574.2

Fig. 5 Waveforms showing recovery time for MR; minimum CPg and MR pulse widths.

Conditions: CPq = LOW while CPq is triggered on a LOW to HIGH transition.
twcp and tRMmR also apply when CPg = HIGH and 6[51 is triggered on a
HIGH to LOW transition.

October 1980
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HEF4017B
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CPg INPUT ___]{—\_J{_\J

CPy INPUT

MR INPUT ~

Og OUTPUT s‘

04 OUTPUT ——}t N‘

0, OUTPUT j

O, OUTPUT 1
3 -

04 OUTPUT

et

Og OUTPUT

Og OUTPUT

05 OUTPUT

0g OUTPUT

0g OUTPUT

\

Og5_g OUTPUT

\ '

R } 7284126

Fig. 6 Timing diagram.
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5-stage Johnson counter HEF4017B
Mmsi

APPLICATION INFORMATION
Some examples of applications for the HEF40178 are:

® Decade counter with decimal decoding

® 1 out of n decoding counter (when cascaded)
® Sequential controller

® Timer.

Figure 7 shows a technique for extending the number of decoded output states for the HEF4017B.
Decoded outputs are sequential within each stage and from stage to stage, with no dead time (except
propagation delay).

| 1
MR MR MR
CPg CPg ——CPq
P HEF40178B cPy HEF40178 Py HEF40178
Og 01----08 Og 0g 01----0g Og I Op--~--- Og Og
1 ] [ ] 7 l l L
T I l
—— —
9 decoded 8 decoded 8 decoded
outputs outputs outputs
e —
r{_-)—, I_‘L_)_‘ 7284127
clock —_—
first stage intermediate stages last stage

Fig. 7 Counter expansion.

Note

It is essential not to enable the counter on CPq when CPq is HIGH, or on CPg when CPq is LOW, as the
this would cause an extra count.

October 1980
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- HEF4018B
MSI

-
PRESETTABLE DIVIDE-BY-N COUNTER L 4

The HEF4018B is a 5-stage Johnson counter with a clock input (CP), a data input (D), an asynchro-
nous parallel load input (PL), five parallel inputs (Pg to P4), five active LOW buffered outputs (50 to
0O4), and an overriding asynchronous master reset input (MR).

Information on Pq to P4 is asynchronously loaded into the counter while PL is HIGH, independent of
CP and D inputs. When P_is LOW, the counter advances on the LOW to HIGH transition of CP. By
connecting Uo to 64 to D, the counter operates as a divide-by-n counter (n = 2 to 10; see also function
selection below). Each register stage is a D-type master-slave flip-flop with a set-direct/clear-direct
input. An internal code correction circuit provides automatic code correction of the counter.

From any illegal code the counter is in a proper counting mode within 11 clock pulses.

A HIGH on MR resets the counter (Uo to O4 = HIGH) independent of all other inputs.

2 |3 |7 |9 [12 16] 15| [14] [13] [12] J11] Jio] [o

Po {P1 [P2 |P3 |Ps Vop MR CP O, P, D5 PL Py
HEF40188

10| PL] PARALLEL LOAD A
CIRCUITRY D P Py 0y Op O Py Vsg
1 2 3 4 S 6 7 8

TTT]

-
O

Cp/Sp Fig. 2 Pinning diagram.
P
14 C COUNTER HEF4018BP : 16-lead DIL; plastic(SOT-38Z).
15|MR HEF4018BD: 16-lead DIL; ceramic (cerdip) (SOT-74).
—_— HEF4018BT : 16-lead mini-pack; plastic
00|01 {02 0304 (S0-16, SOT-109A).
5 (4 |6 |11 13 PINNING
. 5 ) 7269527.3 PL parallel load input
Fig. 1 Functional diagram. PgtoPs parallel inputs
FUNCTION SELECTION D data input )
CcP clock input (LOW to HIGH edge triggered)
counter | connect MR _ master reset input
mode; | Dinput | remarks Op to O4 buffered output (active LOW)
divide by to
— APPLICATION INFORMATION
10 04 no external s les of L
8 03 components ome examples of applications for the
6 52 needed HEF4018B are:
4 51 ® Programmable divide-by-n counter
2 60 ® Programmable frequency division
® Timers
9 03:04 | AND gate
7 02°03 | needed;
5 01-02 | counter FAMILY DATA l
3 0p: 01 | skipsall see Family Specifications
HIGH states Ipp LIMITS category MSI

& Products approved to CECC 90 104-016. May 1983
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Presettable divide-by-n counter

HEF4018B

msi

A.C. CHARACTERISTICS

Vgg =0 V; Tamb = 25 OC; input transition times < 20 ns

Vbbp
v

typical formula for P (uW)

Dynamic power
dissipation per
package (P)

5
10
i5

700 fi + Z(foCL) x Vpp?
3450 f; + =(fo,C ) x Vpp?
10300 f; + Z(foC) x Vpp?

where

f; = input freq. (MHz)

fo = output freq. (MHz)
Cy = load capacitance (pF)
Z(foCr) = sum of outputs
Vpp = supply voltage (V)

A.C. CHARACTERISTICS

Vss =0V; Tamp =25 °C; C_ = 50 pF; input transition times < 20 ns

typical extrapolation

Vpp .
v symbol | min. typ. max. formula
Propagation delays
ce — 0 5 186 370 ns 158 ns + (0,55 ns/pF) C|_
HIGH to LOW | 10 | tpyL 656 135 ns 54 ns + (0,23 ns/pF) C|_
15 50 95 ns 42 ns + (0,16 ns/pF) C|_
5 145 295 ns 118 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 55 110 ns 44 ns + (0,23 ns/pF) C_
15 40 85 ns 32 ns + (0,16 ns/pF) C_
PL — O 5 205 415 ns 178 ns + (0,55 ns/pF) C_
HIGHto LOW | 10 | tpyL 70 140 ns 59 ns + (0,23 ns/pF) C_
15 50 105 ns 42 ns + (0,16 ns/pF) C_
5 175 350 ns 148 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 65 125 ns 54 ns + (0,23 ns/pF) C_
15 50 95 ns 42 ns + (0,16 ns/pF) C_
MR —= O 5 140 280 ns 113 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 55 105 ns 44 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
Output transition

times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW | 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_

5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOWto HIGH | 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) C|_
15 20 40 ns 6 ns + (0,28 ns/pF) C_

October 1980
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HEF4018B

mSI

A.C. CHARACTERISTICS
Vgs =0V; Tymp =25 °C; C|_ =50 pF; input transition times < 20 ns

Vpp . typical extrapolation
v symbol |min. typ. max. formula
Set-up time 5 130 65 ns
D —= CP 10 | tgy 40 20 ns
15 30 15 ns
Hold time 5 20 -45 ns
D —» CP 10 | thold 5 —15 ns
15 5 -10 ns
Minimum clock 5 140 70 ns
pulse width; LOW | 10 | tycpL | 50 25 ns
15 40 20 ns
Minimum MR pulse 5 100 50 ns
width; HIGH 10 |twmRn| 35 20 ns e o vavetorms
15 25 15 ns 108 %, 5 am
Minimum PL pulse 5 145 75 ns
width; HIGH 10 | twpLH | 50 25 ns
15 35 20 ns
Recovery time 5 135 70 ns
for MR 10 | tRMR 40 20 ns
15 25 15 ns
Recovery time 5 170 85 ns
for PL 10 | trpL 55 30 ns
15 40 20 ns
Maximum clock 5 2 4 MHz
pulse frequency 10 | fmax 6 11 MHz
15 8 16 MHz
CP INPUT 50

MR INPUT

+— twmrH—| tRMR

72696331

Fig. 4 Waveforms showing minimum MR pulse width and MR recovery time.
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Presettable divide-by-n counter HEF4018B

MSI

CP INPUT

| tsy +thou [+ -— twep—>!

7275393

Fig. 5 Waveforms showing minimum clock pulse width, set-up time and hold time for CP and D.

CP INPUT 50 %o

PL INPUT

——— tg, — - Ithold |

B, INPUT 50°%% 50 %%

72696621

Fig. 6 Waveforms showing minimum PL pulse width, recovery time for PL, and set-up and hold times
for Py, to PL. Set-up and hold times are shown as positive values but may be specified as negative values.

October 1980
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HEF4019B
mSs!

QUADRUPLE 2-INPUT MULTIPLEXER

[
|~

The HEF4019B provides four multiplexing circuits with common select inputs (Sp, Sg); each circuit
contains two inputs (Ap, Bp) and one output (Op). It may be used to select four bits of information

from one of two sources.

The A inputs are selected when Sp is HIGH, the B inputs when Sp is HIGH. When Sp and Sg are
HIGH, output (Op) is the logical OR of the A, and By, inputs (O = Ay + Bpy). When Sp and Sg are
LOW, output (Op) is LOW independent of the multiplexer inputs.

6 7 4 5 2 3 15 1
olsa  |A0 |Bo | |B1 A2 By |A3 |B3
14[sg

0g 0, 0, 03
|10 [11 {12 [13
7269542.3

Fig. 1 Functional diagram.

[16] [15] [1a] [13] [12] [11] [1o] [o]

Vpop A3 Sg 03 02 071 Og Sp
D) HEF40198
B3 Az Bz A1 By Ag Bg Vsg

T EEEE HE
7269487.1

Fig. 2 Pinning diagram.

PINNING
SA. S select inputs (active HIGH)
Agto Az  multiplexer inputs

FAMILY DATA

HEF4019BP : 16-lead DIL; plastic (SOT-382).

HEF4019BD: 16-lead DIL ; ceramic (cerdip) (SOT-74).

HEF4019BT : 16-lead mini-pack; plastic

(SN 18- SOT.1NAA )
\OV-IG, OV 1 S TuvMn.

Bp to B3 multiplexer inputs

Ogto O3 multiplexer outputs

see Family Specifications

Ipp LIMITS category MSI

€&  Products approved to CECC 90 104-017.

W (May 1983
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ms|

B3 A3 B Aj B A1 Bo Ao

Sg
SA

7

02 01 00  ;269822.1

Fig. 3 Logic diagram.

TRUTH TABLE

select inputs output

SaA Sg Ap B

>
o
>

H = HIGH state (the more positive voltage)
L = LOW state (the less positive voltage)
X = state is immaterial

IIIrrITIIr
I ITITITIrrr
FXIXXIrX
FIXIrXXX
mrIIITrITrr-
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Quadruple 2-input multiplexer

HEF4019B
msi

A.C. CHARACTERISTICS

Vgg=0V; Tamb = 25 °C; C_ = 50 pF; input transition times < 20 ns

V|\3/D symbol typ. max. typical ;))(:::Sgatlon
Propagation delays
An, Bn. SA, Sg — Oy 5 70 145 ns | 43 ns + (0,65 ns/pFi C
HIGH to LOW 10 | tpHL 30 60 ns| 19ns+ (0,23 ns/pF) C_
15 25 50 ns| 17 ns+ (0,16 ns/pF) C|_
5 60 130 ns | 33 ns+ (0,55 ns/pF) C
LOW to HIGH 10 |tpLH 25 50 ns | 14 ns+ (0,23 ns/pF) C|_
15 15 35 ns| 7ns+(0,16 ns/pF) C_
Output transition
times 5 60 120 ns | 10ns+ (1,0ns/pF) CL
HIGH to LOW 10 | tTHL 30 60 ns| 9ns+(0,42ns/pF)CL
15 20 40 ns| 6ns+(0,28ns/pF) Cp
5 60 120 ns | 10ns+ (1,0ns/pF) Cp
LOW to HIGH 10 | tTLH 30 60 ns| 9ns+(0,42ns/pF)CL
15 20 40 ns 6 ns + (0,28 ns/pF) C_
V‘\)/D typical formula for P (uW) :;/h:ir:put freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1200 f; + Z(foCL) x Vpp?| CL = load capacitance (pF)
dissipation per 10 5100 f; + Z(fo,C) x Vpp?| Z(foCL) = sum of outputs
package (P) 15 | 18700 fj + Z(f,C) x Vpp?| VDD = supply voltage (V)

APPLICATION INFORMATION
An example of an application for the HEF4019B is:

e True/complement selection.

May 1983
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HEF4020B

MSi

14-STAGE BINARY COUNTER

[ 3
|

The HEF4020B is a 14-stage binary ripple counter with a clock input (CP), an overriding asynchronous
master reset input (MR) and twelve fully buffered outputs (Og, O3 to 013). The counter advances on
the HIGH to LOW transition of CP. A HIGH on MR clears all counter stages and forces all outputs LOW,

independent of the state of CP. Each counter stage is a static toggle flip-flop. A feature of the

HEF 40208 is: high speed (typ. 35 MHz at Vpp = 15 V).

10|CF |

11| MR

12-STAGE COUNTER

Cp
Og {03 [04 |05 |0 |97 |{Og [Og [010[O11[O12 {013
9 7 5 4 6 13 (12 (14 15 |1 2 3
7273680.3
Fig. 1 Functional diagram.
16] [15] [1a] [13] 2] [11] [io] [o
Vop Oy Og 07 Og MR CP 0g
HEF4020B
On 012 013 Os O, Og O3 Vss
2l B el s 1] 17T 8
7269488
Fig. 2 Pinning diagram.
HEFA4020BP : 16-lead DIL; plastic (SOT-382).
HEF4020BD: 16-lead DIL; ceramic (cerdip) (SOT-74).
HEF4020BT : 16-lead mini-pack; plastic (SO-16; SOT-109A).
PINNING
CcP clock input (HIGH to LOW edge triggered)
MR master reset input (active HIGH)
Og, 03t0 013 parallel outputs
FAMILY DATA

l see Family Specifications

Ipp LIMITS category MSI J

& Products approved to CECC 90 104-018. w (May 1983
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14-stage binary counter

HEF4020B

MSI

A.C. CHARACTERISTICS

Vgs =0 V; Tamp = 25 °C; C|_ = 50 pF; input transition times < 20 ns; see also waveforms Fig. 4

Vpp . typical extrapolation
v symbol | min. typ. max. formula
Propagation delays
CP —= Og 5 106 210 ns 78 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 45 90 ns 34 ns + (0,23 ns/pF) C_
15 30 65 ns 22 ns + (0,16 ns/pF) C_
5 105 210 ns 78 ns + (0,565 ns/pF) C|_
LOW to HIGH 10 |tpLH 50 95 ns 39 ns + (0,23 ns/pF) C_
15 35 70 ns 27 ns + (0,16 ns/pF) C_
O — Op +1 5 80 - 160 ns 53 ns + (0,65 ns/pF) C_
HIGH to LOW 10 | tpHL 30 60 ns 19 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
5 70 140 ns 43 ns + (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 25 50 ns 14 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
MR —= Op, 5 180 360 ns 1563 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 90 180 ns 79 ns + (0,23 ns/pF) C_
15 70 140 ns 62 ns + (0,16 ns/pF) C|_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) C|_
15 20 40 ns 6 ns + (0,28 ns/pF) C|_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 |tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Minimum clock 5 50 25 ns
pulse width; HIGH | 10 | twcpH 25 15 ns
15 20 10 ns
Minimum MR 5 130 65 ns
pulse width; HIGH | 10 | twmRH | 95 50 ns
15 90 45 ns
Recovery time 5 115 60 ns
for MR 10 |tgRMR 65 35 ns
15 55 25 ns
Maximum clock 5 5 10 MHz
pulse frequency 10 | fmax 13 25 MHz
15 : 18 35 MHz
VbD . where
v typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 600 f; + Z(foCL) x Vpp? CL = load cap. (pF)
dissipation per 10 | 2800 f; + Z(fo,CL) x Vpp? Z(foCL) =sum of outputs
package (P) 15 |8200 fj + =(f,CL) x Vpp? Vpp = supply voltage (V)

l (October 1980
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MR INPUT i 50%

— -— tRMR

CP INPUT

tPHL —=|  |=—

Ogor 0O,

OUTPUT \ 50%

Fig. 4 Waveforms showing propagation delays for MR to O, and CP to Og, minimum MR and CP
pulse widths.
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HEF4021B
ms!

-
8-BIT STATIC SHIFT REGISTER |

The HEF4021B is an 8-bit static shift register (parallel-to-serial converter) with a synchronous serial
data input (Dg), a clock input (CP), an asynchronous active HIGH parallel load input {PL]), eight
asynchronous parallel data inputs (Pg to P7) and buffered parallel outputs from the last three stages
(Og to O7).

Each register stage is a D-type master-slave flip-flop with a set direct/clear direct input. Information on
Pg to P7 is asynchronously loaded into the register while PL is HIGH, independent of CP and DS. When
PL is LOW, data on Dg is shifted into the first register position and all the data in the register is shifted
one position to the right on the LOW to HIGH transition of CP. Schmitt-trigger action in the clock
input makes the circuit highly tolerant to slower clock rise and fall times.

7 |6 |5 |4 "3 14 'S 11

Pg |P1 |P2 |P3 |P4 |P5 |Pg |Py

11|Ps { So/Cp

D SHIFT REGISTER
8-BITS
10]cp jcp
Os [Og |07
7269530.4 2 [12 13

Fig. 1 Functional diagram.
16 {151 [14] {131 |12 1 10 9
Voo Pg Ps P, Og Ds CP PL HEF4021BP : 16-lead DIL; plastic (SOT-382).

HEF4021B HEF4021BD: 16-lead DIL; ceramic (cerdip) (SOT-74).
HEF4021BT : 16-lead mini-pack; plastic (S0-16; SOT-109A).
P; Os O7 P3 P2 Py Pp Vss

1 2 3 4f |s 6 7 8
7269489

Fig. 2 Pinning diagram.

PINNING

PL parallel load input

Pg to Py parallel data inputs

Dg serial data input

cP clock input (LOW to HIGH edge-triggered)

Og to O7  buffered parallel outputs from the last three stages

FAMILY DATA
) see Family Specifications
Ipp LIMITS category MSI

& Products approved to CECC 90 104-019. | ( May 1983 205
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8-bit static shift register

HEF4021B
ms!

FUNCTION TABLES

Serial operation

Parallel operation

A.C. CHARACTERISTICS

= negative-going transition
= either HIGH or LOW
= number of clock pulse transitions

inputs outputs inputs outputs
n | CP|Dg|PL|Og|Og |O7 n |CP|Dg|PL |Og|0Og|O7
1|7 |pp|L|Xx|Xx|x X | X | H|Pg |Pg |Py
2| 7 iDL |X|X|X
3|/ |pgfL|Xx|Xx|Xx
6 |/ | X|L|D|X |X H = HIGH state (the more positive voltage)
7117 | X|L|Dy|Dy|X L = LOW state (the less positive voltage)
8|/ | X|L |D3|D2|Dq X = state is immaterial
1| X |L no change / = positive-going transition
AN
Dn
n

Vss =0 V; Tamb = 26 OC; C|_ =50 pF; input transition times < 20 ns

Vbpp . typical extrapolation
v symbol | min. typ. max. formula
Propagation delays :

CP —» Op 5 126 250 ns | 98 ns+ (0,55 ns/pF)C
HIGH to LOW 10 | tpHL 55 110 ns | 44 ns+ (0,23 ns/pFIC|
15 40 80 ns | 32ns+ (0,16 ns/pF)C
5 115 230 ns | 88ns+(0,55ns/pF)C
LOW to HIGH 10 tpLH 50 100 ns | 39ns+ (0,23 ns/pF)C
15 40 80 ns | 32ns+ (0,16 ns/pF)Cy
PL —= O 5 120 240 ns 93 ns + (0,55 ns/pF)C_
HIGH to LOW 10 tPHL 55 110 ns | 44 ns+ (0,23 ns/pF)C
15 40 80 ns | 32ns+ (0,16 ns/pF)C
5 105 210 ns | 78 ns+{0,55 ns/pF)C_
LOW to HIGH 10 tPLH 50 100 ns | 39 ns+(0,23 ns/pF)Cy
15 40 80 ns | 32ns+(0,16 ns/pF)C

Output transition 5 60 120 ns | 10ns+ (1,0 ns/pF) C_
times 10 tTHL 30 60 ns 9ns + (0,42 ns/pF) C|_
HIGH to LOW 156 20 40 ns 6 ns + (0,28 ns/pF) C_

5 60 120 ns 10 ns + (1,0 ns/pF) C|_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C|_
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A.C. CHARACTERISTICS
Vgs =0 V; Tamp = 25 ©C; C_ = 50 pF; input transition times < 20 ns

V\[;D symbol min.  typ. max.
Set-up times 5 25 -15 ns
Dg—sCP 10 tsy 25 -10 ns
15 15 -5 ns
5 50 25 ns
Pn—PL 10 tsy 30 10 ns
15 20 5 ns
Hold times 5 40 20 ns
Dg—»CP 10 thold 20 10 ns
15 15 8 ns
5 15 -10 ns see also waveforms
Ph—= PL 10 thold 15 0 ns Figs4and 5
15 15 0 ns
Minimum clock 5 70 35 ns
pulse width; LOW 10 twePL 30 15 ns
15 24 12 ns
Minimum PL 5 70 35 ©ns
pulse width; HIGH | 10 tWPLH 30 15 ns
15 24 12 ns
Recovery time 5 50 10 ns
for PL 10 tRPL 40 5 ns
15 35 5 ns
Maximum clock 5 6 13 MHz
pulse frequency 10 fmax 156 30 MHz
15 20 40 MHz
-
VbD ; where
t | f |
v ypical formula for P (uW) f; = input freq. (MHz)
B ) - — fo = output freq. (MHz)
Dynamic power 5 900 f; + =(foCL) x Vpp? | C = load capacitance (pF)
dissipation per 10 4300 f; + Z(f,CL) x Vpp? Z(foCLL) =sum of outputs
package (P) 15 12000 f; + =(f,CL) x Vpp? Vpp = supply voltage (V)

208 May 1983\ (



HEF4021B
mSI

8-bit static shift register

CP INPUT

Ds INPUT

7269661

Fig. 4 Waveforms showing minimum clock pulse width, set-up time and hold time for CP and Dg.

CP INPUT 50 %

PL INPUT 50%

> thold |

|+ tsu
P INPUT %50% 50% //
J \ \ 4 /

J

7269662.1

Fig. 5 Waveforms showing minimum PL pulse width, recovery time for PL, and set-up and hold times —
for Py, to PL. Set-up and hold times are shown as positive values but may be specified as negative values. —_
w (October 1980 209
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[ 5
4-STAGE DIVIDE-BY-8 JOHNSON COUNTER L —4

The HEF4022B is a 4-stage divide-by-8 Johnson counter with eight spike-free decoded active HIGH
outputs (Og to O7), an active LOW output from the most significant flip-flop (04.7), active HIGH and
active LOW clock inputs (CPg, CP41) and an overriding asynchronous master reset input (MR).

The counter is advanced by either a LOW to HIGH transition at CPg while _C_P-1 is LOW or a HIGH to
LOW transition at CPq while CPq is HIGH (see also function table). Either CPg or CPq may

be used as clock input to the counter and the other clock input may be used as a clock enable input.
When cascading counters, the O4.7 output, which is LOW while the counter is in states, 4, 5, 6 and 7,
can be used to drive the CPq input of the next counter. )

A HIGH on MR resets the counter to zero (Og = 04.7 = HIGH; 01 to O7 = LOW) independent of the
clock inputs (CPq, CPq).

Automatic code correction of the counter is provided by an internal circuit, following any illegal code
the counter returns to a proper counting mode within 11 clock pulses.

13| CP4

“1+—0|
4-STAGE JOHNSON COUNTER
14| CP,

e N N

O4-7 |12
DECODING AND OUTPUT CIRCUITRY
7269565.2 2 1 13 17 111 14 |5 10
6] [1s] [1a] [13] [i2] [11] [i0] [s
Voo MR CPg CPy O,-7 O, 07 nec. Fig. 1 Functional diagram.
HEF4022B HEF4022BP : 16-lead DIL; plastic (SOT-382).
0; O O, Og Og nc. O3 Vss HEF4022BD: 16-lead DIL; ceramic (cerdip) (SOT-74).
T G el s T T s HEF4022BT : 16-lead mini-pack; plastic (SO-16; SOT-109A).

) L. i 7269490
Fig. 2 Pinning diagram.

PINNING

CPg clock input (LOW to HIGH; edge-triggered)
C_P1 clock input (HIGH to LOW; edge-triggered)
MR master reset input

Ogto O7 decoded outputs

64_7 carry output (active LOW)

FAMILY DATA

see Family Specifications
Ipp LIMITS category MSI

& Products approved to CECC 90 104-020. May 1983 21
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4-stage divide-by-8 Johnson counter HEF4022B

Msi
FUNCTION TABLE

MR | CPg | CPy operation

H X X 0p=047=H;01t007=1L

L H \ Counter advances

L v L Counter advances H = HIGH state (the more positive voltage)
L L X No change L = LOW state (the less positive voltage)
L | X H No change X = state is immaterial

L H A No change / = positive-going transition

L \ L No change \L = negative-going transition

A.C. CHARACTERISTICS
Vgs =0 V; Tamp =26 ©°C; C = 50 pF; input transition times < 20 ns

Vbp . typical extrapolation
v symbol | min. typ. max. formula
Propagation delays
CPg, CPy — O, 5 195 390 ns 168 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 75 145 ns 64 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C|_
5 245 485 ns 218 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 95 195 ns 84 ns + (0,23 ns/pF) C_
15 60 125 ns 52 ns + (0,16 ns/pF) C_
CPg,CPy—> 047 | 5 245 485 ns | 218 ns+ (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 90 185 ns 79 ns + (0,23 ns/pF) C.
15 60 120 ns 52 ns + (0,16 ns/pF) C_
5 190 380 ns 163 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 75 145 ns 64 ns + (0,23 ns/pF) C|_
16 50 105 ns 42 ns + (0,16 ns/pF) C_
MR —s 011007 5 © 130 260 ns 103 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 55 105 ns 44 ns + (0,23 ns/pF) C_
15 40 75 ns 32 ns + (0,16 ns/pF) C_
MR —» Og 5 130 260 ns - | 103 ns+ (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 55 105 ns 44 ns + (0,23 ns/pF) C_
15 40 75 ns 32 ns + (0,16 ns/pF) C_
MR —= 047 5 110 220 ns 83 ns + (0,55 ns/pF) Cy_
LOW to HIGH 10 | tpLH 45 90 ns 34 ns + (0,23 ns/pF) C_
15 35 70 ns 27 ns + (0,16 ns/pF) C_
Output transition

times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_

5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 | tyLH 30 60 ns 9 ns + (0,42 ns/pF) C_
156 20 40 ns 6 ns + (0,28 ns/pF) C_
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A.C. CHARACTERISTICS

Vgs =0V; Tamp = 25 °C; C_ =50 pF; input transition times < 20 ns

VE)/D symbol [min. typ. max.
Hold times . 5 140 70 ns
CPg —= CPq 10 | thold 50 25 ns
15 30 15 ns
5 170 85 ns
CPy —= CPg 10 | thold 60 30 ns
15 40 20 ns
Minimum clock 5 75 35 ns
pulse width 10 | twep 30 15 ns
15 20 10 ns see also waveforms
Minimum MR 5 70 35 ns Figs 4 and 5
pulse width; HIGH 10 |twmRpH | 30 15 ns
15 20 10 ns
Recovery time 5 30 10 ns
for MR 10 | tpMR 15 5 ns
15 10 5 ns
Maximum clock 5 3 6 MHz
pulse frequency 10 | fmax g 16 MHz
15 12 24 MHz
VbD . where
) typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 475 fj + Z(foCL) x Vpp? C|_ = load capacitance (pF)
dissipation per 10 | 2400 fj + Z(foCyL) x Vpp? Z(foCL) = sum of outputs
package (P) 15 | 6700 f; + Z(foCL) x Vpp? Vpp = supply voltage (V)
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4-stage divide-by-8 Johnson counter J ‘ HEF4022B
MSl

CPy INPUT 50%

| thold [<

CPy INPUT \ {50"/{:
7269578.1
tween

Fig. 4 Waveforms showing hold times for CPq to CP and CP1 to CPo.
Hold times are shown as positive values, but may be specified as negative values.

CPy INPUT

MR INPUT

O, OUTPUT

7269574.2

Fig. 5 Waveforms showing recovery time for MR; minimum CPg and MR pulse widths.
Conditions: CPq = LOW while CPq is triggered on a LOW to HIGH transition.

twep and tRMR also apply when CPq = HIGH and CP1 is triggered on

a HIGH to LOW transition.

w October 1980
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e _ AN Y

CP, INPUT

MR INPUT

0Og OUTPUT SL

04 OUTPUT __’! !L

0, OUTPUT [
2 —J -

I

03 OUTPUT » jl \

04 OUTPUT }! \

Og OUTPUT | Jk \

Og OUTPUT

07 OUTPUT

04-7 OUTPUT !L

Fig. 6 Timing diagram.

7269803.2
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4-stage divide-by-8 Johnson counter HEF4022B
Msi

APPLICATION INFORMATION

Some of the features of the HEF40228B are:
® High speed

o Spike-free decoded outputs

® Carry output for cascading

Figure 7 shows a technique for extending the number of decoded output states for the HEF4022B.
Decoded outputs are sequential within each stage and from stage to stage, with no dead time (except
propagation delay).

— 1 T ]
MR MR MR
CPg CPg ——4cPg
EZT’] HEF40228B 51 HEF40228B 51 HEF40228
Op 01----0g 07 0p 01----0g 07 I Op--—--- 0607
1 L ] 7 l l
I |
—— N/ .
7 decoded 6 decoded 6 decoded
outputs outputs outputs
7285101
clock —_—
first stage intermediate stages last stage

Fig. 7 Counter expansion.
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HEF4023B
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-
TRIPLE 3-INPUT NAND GATE L —

The HEF4023B provides the positive tripie 3-input NAND function. The outputs are fully buffered
for highest noise immunity and pattern insensitivity of output impedance.

3jh 1] _[13] [12] [11] fo] {o] [s
nd Izh—)o-o—’—s- Voo Ig Is Iy 03 02 Ig
5 I3r‘
T HEF4023B
2|14 02)9 I, Is I I I3 Oy Vs
81 1er 11 12 134 1a] 1s] 18] 17
BTl 1y 7269491
12 ISL‘DOQ_al(_)- Fig. 2 Pinning diagram.
1
B4or HEF4023BP : 14-lead DIL; plastic (SOT-27K, M, T).

HEF4023BD: 14-lead D1L; ceramic (cerdip) (SOT-73).

7269566 HEF4023BT : 14-lead mini-pack; plastic
Fig. 1 Functional diagram. (SO-14;SOT-108A).
i
=D Do oo
I3 I
7274507.1

Fig. 3 Logic diagram (one gate).

FAMILY DATA
see Family Specifications
Ipp LIMITS category GATES

& Products approved to CECC 90 104-021. May 1983 219
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A.C. CHARACTERISTICS
Vgg =0 V; Tymp =25 ©C; C_ = 50 pF; input transition times < 20 ns

v typical extrapolation
30 symbol typ. max. L f ormulap
Propagation delays
In— O 5 65 135 ns | 38 ns+ (0,55 ns/pF) C|_
HIGH to LOW 10 tPHL 25 50 ns | 14 ns+ (0,23 ns/pF) C_
15 15 30 ns | 7ns+(0,16 ns/pF) C_
5 65 130 ns | 38 ns+ (0,55 ns/pF) C
LOW to HIGH 10 tpLH 30 60 ns | 19ns+ (0,23 ns/pF) C|_
15 25 45 ns | 17 ns+ (0,16 ns/pF) C|_
Output transition
times 5 60 120 ns | 10ns+1,0 ns/pF) C
HIGH to LOW | 10 tTTHL 30 60 ns | 9ns+(0,42 ns/pF) C
15 20 40  ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns | 10 ns+ (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns | 9ns+ (0,42 ns/pF) C|
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Vpp ical P (uW where
v typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1200 f; + Z(f,C) x Vpp? CL = load capacitance (pF)
dissipation per 10 5500 f; + Z(f,C) x Vpp? Z(foCL) = sum of outputs
package (P) 15 16400 f; + Z(f,Cy ) x Vpp? VpD = supply voltage (V)

220
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[
7-STAGE BINARY COUNTER | —4

The HEF4024B is a 7-stage binary ripple counter with a clock input (CP), and overriding asynchronous
master reset input (MR) and seven fully buffered parallel outputs {(Og to Og). The counter advances on
the HIGH to LOW transition of CP. A HIGH on MR clears all counter stages and forces all outputs
LOW, independent of CP. Each counter stage is a static toggle flip-flop.

2R [
2l MR 7-STAGE COUNTER
Cp
0g |0y |0, |03 [04 |05 |Og
12 11 |9 |6 |5 |4 |3
7269531.4

1] _[13] 2] [11] Jio] [o] |8
Vop nc. Og Oy nc. O; nc

HEF4024B
CP MR Og Os O, 03 Vss HEF4024BP : 14-lead DIL; plastic (SOT-27K, M, T).
112 13 Lef 18] L8] L7 HEF4024BD: 14-lead DIL; ceramic (cerdip) (SOT-73).
7260482 HEF4024BT : 14-lead mini-pack; plastic

Fig. 2 Pinning diagram. (SO-14;SOT-108A).
PINNING .
cP clock input (HIGH to LOW triggered)
MR master reset input

Ogto Og buffered parallel outputs

APPLICATION INFORMATION

Some examples of applications for the HEF40248B are: =
® Frequency dividers -
e Time delay circuits E
FAMILY DATA l

see Family Specifications
Ipp LIMITS category MSI J
& Products approved to CECC 90 104-022. May 1983 221
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7-stage binary counter

HEF4024B

msi

A.C. CHARACTERISTICS

Vgs =0 V; Tamp = 25 °C; C_ = 50 pF; input transition times < 20 ns; see also waveforms Fig. 4

VpD . typical extrapolation
v symbol | min. typ. max. formula
Propagation delays
CP —= Og 5 100 200 ns 73 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 40 75 ns | 29ns+ (0,23 ns/pF) C|
15 25 50 ns 17 ns + (0,16 ns/pF).C_
5 105 210 ns 78 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 45 86 ns 34 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C_
O — Op +1 5 60 120 ns 33 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 25 50 ns 14 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
5 50 100 ns 23 ns + (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 20 40 ns 9 ns + (0,23 ns/pF) C_
16 15 30 ns 7 ns + (0,16 ns/pF) C|_
MR — O 5 120 240 ns 93 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 45 90 ns 34 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 | tTn 30 60 ns 9 ns + (0,42 ns/pF) C|_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Minimum clock 5 60 30 ns
pulse width; HIGH 10 |twcpH | 30 15 ns
15 20 10 ns
Minimum MR 5 80 40 ns
pulse width; HIGH 10 | twmRH | 35 20 ns
15 25 15 ns
Recovery time 5 20 10 ns
for MR 10 | tRMR 15 5 ns
15 15 5 ns
Maximum clock 5 5 10 MHz
pulse frequency 10 | fmax 13 25 MHz
15 18 35 MHz
VbD . where
v typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 500 f; + Z(fo,CL) x Vpp? C| = load cap. (pF)
dissipation per 10 | 2100 f; + Z(fo,CL) x Vpp? Z(foCyL) =sum of outputs
package (P) 15 | 5200 f; + =(f,Cy) x Vpp? Vpp = supply voltage (V)

| (October 1980
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MR INPUT

CP INPUT

Og or O,
OUTPUT

7269741.2

Fig. 4 Waveforms showing propagation delays for MR to Op, and CP to Og, minimum MR and CP
pulse widths and recovery time for MR.
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HEF4025B

gates

TRIPLE 3-INPUT NOR GATE

The HEF4025B provides the positive triple 3-input NOR function. The outputs are fully buffered for
highest noise immunity and pattern insensitivity of output impedance.

16 1131 12| 11| 10 9 8

3in Voo Ig Is I7 O3 O Ig

2 1 0.° HEF40258

=B

e I, Is Iy I I3 0Oy Vg

215 02} 9 1] (3] (e] 5] 16T 17

8]1g 7269493

E I7 Fig. 2 Pinning diagram.

[l 0s10

13}1g HEFA4025BP : 14-lead DIL; plastic (SOT-27K, M, T).
] HEF4025BD: 14-lead DIL; ceramic (cerdip) (SOT-73).

HEF4025BT : 14-lead mini-pack; plastic
(SO-14;SOT-108A).

7269548

Fig. 1 Functional diagram.

T oo oo

|
3 7274506.1

Fig. 3 Logic diagram (one gate).

FAMILY DATA
see Family Specifications
Ipp LIMITS category GATES

& Products approved to CECC 90 104-023.
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gates

A.C. CHARACTERISTICS
Vss = 0V; Tamb = 25 °C; C|_= 50 pF; input transition times <20 ns

V|\3/D symbol typ.  max. typlcafl;)r(;::f::olanon
Propagation delays
ln — Op 5 70 135 ns | 43 ns + (0,55 ns/pF) C
HIGH to LOW | 10 tPHL 25 55 ns | 14 ns+ (0,23 ns/pF) C_
15 20 40 ns | 12ns+ (0,16 ns/pF) C_
5 60 120 ns | 33ns+ (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 25 50 ns | 14ns+ (0,23 ns/pF) C_
15 15 35 ns 7 ns + (0,16 ns/pF) C
Output transition
times 5 60 120 ns | 10ns+ (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C|_
5 60 120 ns | 10ns+ (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns | 9ns+(0,42ns/pF) C
156 20 40 ns| 6ns+(0,28ns/pF) C
Vbp typical formula for P (uW) where
v f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 900 f; + Z(f,CL) x Vpp ? CL = load capacitance (pF)
dissipation per 10 4000 f; + Z(fo,CL) x Vpp 2 Z(foCL) = sum of outputs
package (P) 15 10900 f; + Z(f,C) x Vpp 2 VDD = supply voltage (V)
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HEF4027B
flip-flops

[
DUAL JK FLIP-FLOP | 4

The HEF4027B is a dual JK flip-flop which is edge-triggered and features indepedent set direct (Sp),

clear direct (Cp), clock (CP) inputs and outputs (0,0). Data is accepted when CP is LOW, and transferred
to the output on the positive-going edge of the clock. The active HIGH asynchronous clear-direct {Cp)
and set-direct (Sp) are independent and override the J, K, and CP inputs. The outputs are buffered for
best system performance. Schmitt-trigger action in the clock input makes the circuit highly tolerant to
slower clock rise and fall times.

i—l FUNCTION TABLES
Sp1 inputs outputs
] |, o 15 P p_
1 1 splcplcPfs |[K|O | D
13 CPy FF HiL |X|X|X]|H]|L
1 = 14 L|HI|X|X]|X]|L H
Ky Og H{H|X|X|[X|H]|H
Cp1
12} ] inputs outputs
2 Sp|{Cp|CP|J | K |On+1 [On+1
l L{L|/|L|L no change
Sp2 . LiL |/ |H|L H L
st li, o, Liv |/ fu|H ]| L H
3 L|L |/ |H]|H On On
CP2 FF
5 _ 2 H = HIGH state (the more positive voltage)
K2 02 L = LOW state (the less positive voltage)
Cp2 X = state is immaterial
[ = positive-going transition
i—-] Onp + 1 = state after clock positive transition
7269532.1
Fig. 1 Functional diagram. PINNING
J,K synchronous inputs
mEmEmEnEnEmEB R CP clock input (L to H edge-triggered)

16} 5] el [13] [iz] 1] [fio] [o

Vop 01 Oy CPy Cpy Ky Jy Spy

Sp asynchronous set-direct input (active HIGH)
Cp asynchronous clear-direct input (active HIGH)

HEF4027B O  true output
~ O complement output
0, Oz CP; Cpz K2 Jz Spz2 Vss P P
AT 12 130 1al 15T 16] 171 |8 HEF4027BP : 16-lead DIL; plastic (SOT-382).
7269484 HEF4027BD: 16-lead DIL; ceramic (cerdip) (SOT-74).
Fig. 2 Pinning diagram. HEF4027BT : 16-lead mini-pack; plastic

(SO-16; SOT-109A).

FAMILY DATA :
see Family Specifications
Ipp LIMITS category FLIP-FLOPS

& Products approved to CECC 90 104-024. w (May 1983 227



HEF4027B
flip-flops

[el]
O
o

J ¢ c !
c
: Do—a
K — ~
c c
Cp
Sp

7275370.2

Fig. 3 Logic diagram (one flip-flop).
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Dual JK flip-flop

HEF4027B

flip-flops

A.C. CHARACHTERISTICS

Vgs=0V; Tamb = 25 °C; C_ = 50 pF; input transition times < 20 ns

VDD . typical extrapolation
y symbol | min. typ. max. formula
Propagation delays
cP —= 0,0 5 105 210 ns 78 ns + (0,565 ns/pF) C|_
HIGHto LOW | 10 | tpyL 40 80 ns 29 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C_
5 85 170 ns 58 ns + (0,55 ns/pF) C_
LOW to HIGH | 10 tPLH 35 70 ns 27 ns + (0,23 ns/pF) C_
16 30 60 ns 22 ns + (0,16 ns/pF) C_
Sp —= O 5 70 140 ns 43 ns + (0,55 ns/pF) C
LOW to HIGH | 10 tPLH 30 60 ns 19 ns + (0,23 ns/pF) C_
15 25 50 ns 17 ns + (0,16 ns/pF) C_
Cp — O 5 120 240 ns 93 ns + (0,55 ns/pF) C_
HIGH to LOW | 10 tPHL 45 90 ns 33 ns + (0,23 ns/pF) C_
15 35 70 ns 27 ns + (0,16 ns/pF) C_
Sp—= 0 5 140 280 ns 113 ns + (0,55 ns/pF) C_
HIGH to LOW .| 10 tPHL 55 110 ns 44 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
Cp—=0 5 75 150 ns 48 ns + (0,55 ns/pF) C|_
LOW to HIGH | 10 tPLH 35 70 ns 24 ns + (0,23 ns/pF) C_
15 25 50 ns 17 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10ns+ (1,0 ns/pF) C_
HIGH to LOW | 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10ns+ (1,0 ns/pF) C_
LOW to HIGH | 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Set-up time 5 50 25 ns
J,K —=CP 10 | tg 30 10 ns
15 20 5 ns
Hold time 5 25 0 ;ns
J, K — CP 10 thold 20 0 ns
15 15 5 ns
Minimum clock 5 80 40 ns see also waveforms
pulse width; LOW | 10 twepL | 30 15 ns Figs 4 and 5
15 24 12 ns
Minimum Sp, Cp 5 90 45 ns
pulse width; HIGH| 10 | WSDH| 40 20 ns
15 | WCDH| 30 15 ns
Recovery time 5 20 -15 ns
for Sp, Cp 10 | RSD- | 45 _10 ns
15 RCD | 10 -5 ns

May 1983
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HEF4027B
flip-flops

A.C. CHARACTERISTICS
Vgs =0V; Tamp =25 °C; C_ = 50 pF; input transition times < 20 ns

VBD symbol min typ max
Maximum clock 5 4 8 MHz | f
pulse frequency 10 | fmax 12 25 MHz ;s:(:e a4so wavetorms
J=K=HIGH 15 15 30 MHz g
VbD . where
v typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 900 f; + =(f,Cy) x Vpp? C = load capacitance (pF)
dissipation per 10 4500 f; + =(fo,C) x Vpp? Z(foCL) =sum of outputs
package (P) 15 | 13200 f; + Z(f,C) x Vpp?® Vpp = supply voltage (V)
1/fmax
1< twi~n: —»
wouruo

CP INPUT j 50%

—| thold |=—

J,K INPUT 50%

—l oty e 7269823.2

Fig. 4 Waveforms showing set-up times, hold times and minimum clock pulse width.
Set-up and hold times are shown as positive values but may be specified as negative values.
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Dual JK flip-flop HEF4027B

flip-flops

Sp INPUT 50% \

= twSDH ™

Cp INPUT 50%

(

CP INPUT

— <—-IRCD
O OUTPUT

7269577.2

Fig. 5 Waveforms showing recovery times for Sp and Cp; minimum Sp and Cp pulse widths.

APPLICATION INFORMATION

Some examples of applications for the HEF4027B are:
® Registers

e Counters

® Control circuits

October 1980
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HEF4028B

msi

1-OF-10 DECODER

The HEF4028B is a 4-bit BCD to 1-of-10 active HIGH decoder. A 1-2-4-8 BCD code applied to inputs
Aq to Ag causes the selected output to be HIGH, the other nine will be LOW. If desired, the device
may be used as a 1-of-8 decoder with enable; 3-bit octal inputs are applied to inputs Ag, Aq and Ay
selecting an output O to 07. Input A3 then becomes an active LOW enable, forcing the selected out-
put LOW when A3 is HIGH. The HEF4028B may also be used as an 8-output (Og to 05) demulti-
plexer with Aqg to A5 as address inputs and Az as an active LOW data input. The outputs are fully

buffered for best performance.

10 |13 [12 |11
Ap [A1 |A2 |A3
DECODER
Op |04 [0 |03 |04 |05 |06 |07 |Og |Og
3 14 (2 15 |1 6 7 4 9 5
Fig.1 Functional diagram. 72736811
18] [15] [1a] [13] [iz] [1] o] [
Voo O3 O Ay Az A3 Ap Og
HEF4028B
O, 02 Og 07 Og Os Og Vss
1T 2] 131 1&] 1] 16] 17] e

Fig.2 Pinning diagram

7269495

EF4028BP : 16-lead DIL; plastic (SOT-382).

Ly

cANNOD
n

PINNING
Ag to Az address inputs, 1-2-4-8 BCD
Og to Og outputs (active HIGH)

FAMILY DATA

see Family Specifications

Ipp LIMITS category MSI

H
HEF4028BD: 16-lead DIL; ceramic (cerdip) (SOT-74).
=

& TR V- PO R S S JRY PO P .
Fr4U<0o0D 1 . 10-Iead mini-pacy, pld)t“& (80‘16, SOT‘

& Products approved to CECC 90 104-025.

w (May 1983
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HEF4028B
msi

)\

1-0f-10 decoder

TRUTH TABLE

],
nn% ddddT | dd gD oA
g dAd AT | dad a4
&/ A AT A | dd a4
S AT Jd | dda a4

£ s T a|aaa3a00

e

3| & ddddd|dd a4
nwo ddada|l a0
& ddddalagaaa0
) daadgalaagaa0
% T O RN I P O [ O RO
g TAdTaT|aTazTazx

gl < AT dd|lTTaaT

g

= Amz IITXIJdg|ddITITT
L RS 3 - o - - = . o

HIGH state (the more positive voltage)
LOW state (the less positive voltage)

H
L

* Extraordinary states.
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HEF4028B
MSI

A.C. CHARACTERISTICS
=25 OC; CL = 50 pF; input transition times < 20 ns

Vs =0V Tamp
Vbb typical extrapolation
symbol typ. max. formula
Propagation delays
A, —= 0, 5 100 200 ns 73 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tpHL 40 80 ns 29 ns + (0,23 ns/pF) C|.
15 30 60 ns 22 ns + (0,16 ns/pF) CL
5 ) 90 180 ns 63 ns + (0,55 ns/pF) . C_
LOW to HIGH 10 tpLH 40 80 ns 29 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C|
Output transition
times 5 60 120 ns 10ns+ (1,0 ns/pF) C
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C|_
15 20 40 ns 6 ns + (0,28 ns/pF) C
5 60 120 ns 10ns+ (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9ns+ (0,42 ns/pF) C|_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Vop e N where
v typical formuia for P (uW) f, = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 350 f; + Z(fOCL) X VDDZ Cy_= load capacitance (pF)
dissipation per 10 2200 f; + E(fOCL) X VDD2 Z(f,C) = sum of outputs
package (P) 15 7350 f; + Z(f,C ) x Vpp? Vpp = supply voltage (V)
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HEF4029B

MSI

SYNCHRONOUS UP/DOWN COUNTER, -
BINARY/DECADE COUNTER \ 4

The HEF4029B is a synchronous edge-triggered up/down 4-bit binary/BCD decade counter with a
clock input (CP), an active LOW count enable input (CE), an up/down control input (UP/DN), a
binary/decade control input (BIN/DEC), an overriding asynchronous active HIGH parallel load input
(PL), four parallel data inputs (Pq to P3), four parallel buffered outputs (Og to O3) and an active LOW
terminal count output (TC).

Information on Pg to P3 is asynchronously loaded into the counter while PL is HIGH, independent

of CP.

The counter is advanced one count on the LOW to HIGH transition of CP when CE and PL are LOW.
The TC signal is normally HIGH and goes LOW when the counter reaches its maximum count in the
UP mode, or the minimum count in the DOWN mode provided CE is LOW.

4 2 13 |3
el o Lo (8] [ @] [3] [ [77] ffo] [5]
Vpp CP 05 P, P P,
L L PARALLEL LOAD cmcuwnv] oD 2 P2 P10 '[“)J—N/ g'T'\g
1sjcp l l I I D) HEF40298
5 |CE II__ Y PL 03 P3 Py CE Oy TC Vgg
EHENDEL COUNTER e O Ll 3] [a] [s] [e] [2] (8
10{UP/DN 72736821
% 197 [0 |os Fig. 2 Pinning diagram.
7273683.3 6 1 14 2

Fig. 1 Functional diagram. .
HEF4029BP : 16-lead DIL; plastic (SOT-382).

HEF4029BD: 16-lead DIL; ceramic (cerdip) (SOT-74).
PINNING HEF4029BT : 16-lead mini-pack; plastic

PL parallel load input (S0-16; SOT-109A).

Pgto P3  parallel data inputs
BIN/DEC binary/decade control input
UP/BIE up/down control input

CE count enable input (active LOW) —
cP clock input (LOW to HIGH, edge triggered) =
Og to O3 buffered parallel outputs —_—
TC terminal count output (active LOW)

FAMILY DATA

see Family Specifications
Ipp LIMITS category MSI
& Products approved to CECC 90 104-026. May 1983 237



HEF4029B
m

402
SI
"o
o _[>;D°—DG

upr/
oN _DP“Dm

ce —-{>o—[><>4

BIN/
DEC

Fig. 3a Logic diagram (continued in Fig. 3b).

7275387

. :
-
D

238

October 1980W l



Synchronous up/down counter, binary/decade counter HEF4029B

MSI
P
[ S— Po P1 2 P3
0 ? ® b4
Cc
d
¢ ]
Sp
O J o ’—0 —O| rd
FF FF FF FF
—-ofce o F —o| o A
Lolk © —Of - —O — —Of —
Cp
f;
9
h
k=
I
m
n
0 -

v v Y v
Yy Y Y Y

Fig. 3b Logic diagram (continued from Fig. 3a).

w ( October 1980
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HEF4029B
msi

FUNCTION TABLE

PL BIN/DEC UP/DN CE cP mode

H X X X X parallel load (P, — Op)
L X X H X no change

L L L L s count-down, decade

L L H L s count-up, decade

L H L L s count-down, binary

L H H L A count-up, binary

H = HIGH state (the more positive voltage)
L = LOW state (the less positive voltage)

X = state is immaterial
[ = positive-going clock pulse edge

240
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Synchronous up/down counter, binary/decade counter HEF4029B
MSi
0 le--] ' Je-A 2 e < — - L
N +
N Py
\
15 AN 5
1 \\
4] N ?
v \\ 1y
\
14 N 6
T AN 3
l \\ ! ‘}
N
13 X 7
\
4! \ *
| \ H
v | R
- — > - — > - ——> - — |
12 1 [ 10 B 8
count up ———— count down 7269575
Fig. 4 State diagram; BIN/DEC = LOW.
0 ] 2 > "l
- — -] <+ — <+ — <+ ——
[ T
v v
15 5
T 1
v LV
1% 6
T 1
¥ LY
13 7
T 7
v HR
- — - —» - — > - — >
12 [ MERD 0 | 9 | 8
count up  —--—-—count down 7269576

Fig. 5 State diagram; BIN/DEC = HIGH.

Logic equation for terminal count:

TC = CE (BIN/DEC-UP/DN+0g*01+05-03 + BIN/DEC-UP/DN+0q-01:02:03 +

BIN/DEC-UP/DN-0Oq-03 + BIN/DEC-UP/DN-0qg-01-C2-03)

W ﬁctober 1980
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HEF4029B"

MSi

A.C. CHARACTERISTICS
Vgs =0 V; Tamp = 25 OC; input transition times < 20 ns

VE)/D typical formula for P (uW)
Dynamic power 5 1000 f; + Z(foCL) x Vpp?
dissipation per 10 4500 f; + Z(foCy) x Vpp?
package (P) 15 | 11500 f; + (foCL) x Vpp?

where

fi = input freq. (MHz)

fo = output freq. (MHz)
CL = load capacitance (pF)
2(foC) = sum of outputs
Vpp = supply voltage (V)

A.C. CHARACTERISTICS

Vgs =0 V; Tamb =25 °C; C_ =50 pF; input transition times < 20 ns

VpD . typical extrapolation
v symbol | min. typ. max. formula
Propagation delays
CP —» Op 5 145 290 ns | 118 ns+ (0,55 ns/pF) C|_
HIGH to LOW 10 | tpHL 55 110 ns | 44ns+ (0,23 ns/pF) C|
15 40 75 ns 32 ns + (0,16 ns/pF) C_
5 160 315 ns | 133 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 60 120 ns | 49ns+ (0,23 ns/pF) C_
15 40 80 ns 32ns + (0,16 ns/pF) C_
CP —» TC 5 280 560 ns | 253 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 105 205 ns | 94ns+ (0,23 ns/pF) C
15 70 140 ns | 62ns+ (0,16 ns/pF) C_
5 195 385 ns | 168 ns+ (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 75 150 ns | 64ns+ (0,23 ns/pF) C
15 55 105 ns | 47ns+ (0,16 ns/pF) C_
PL —» Op 5 120 240 ns | 93 ns+ (0,55 ns/pF) C
HIGH to LOW 10 | tpHL 50 100 ns | 39ns+ (0,23 ns/pF) C|
15 35 70 ns | 27ns+(0,16 ns/pF) C|_
5 170 335 ns | 143 ns+ (0,55 ns/pF) C|_
LOW to HIGH 10 | tpLH 65 130 ns | 54ns+ (0,23 ns/pF) C
15 45 90 ns | 37ns+(0,16 ns/pF) C_
CE — TC 5 180 360 ns | 153 ns+ (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 70 140 ns | 59ns+ (0,23 ns/pF) C|_
15 50 100 ns!| 42ns+(0,18ns/pF) Cy
5 170 335 ns | 143 ns+ (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 65 135 ns | 54ns+ (0,23 ns/pF) C
15 50 100 ns | 42ns+ (0,16 ns/pF) C_
Output transition

times 5 60 120 ns | 10ns+(1,0ns/pF)C
HIGH to LOW 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) C
15 20 40 ns 6 ns + (0,28 ns/pF) C_

5 60 120 ns| 10ns+(1,0ns/pF)C
LOW to HIGH 10 | tTLH 30 60 ns| 9ns+(0,42ns/pF) Cp
15 20 40 ns 6 ns + (0,28 ns/pF) C_
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Synchronous up/down counter, binary/decade counter HEF4029B

MSi
A.C. CHARACTERISTICS
Vgg =0 V; Tamp = 25 ©C; C_ = 50 pF; input transition times < 20 ns
V'\:’/D symbol | min typ  max
Minimum clock 5 110 55 ns
pulse width; LOW 10 | twepr | 35 20 ns
15 25 15 ns
Minimum PL 5 160 80 ns
pulse width; HIGH 10 | twpLH 55 25 ns
15 35 15 ns
Recovery time 5 150 75 ns
for PL 10 | tgpL 50 25 ns
15 35 20 ns
Set-up times 5 270 135 ns
BIN/DEC —» CP 10 | tgy 90 45 ns
15 60 30 ns
- 5 300 150 ns
UP/DN —= CP 10 | tgy 105 55 ns
15 75 35 ns
5 120 60 ns
CE —=CP 10 | tgy 45 28 ns
15 35 20 ns see also waveforms
5 70 35 ns Figs 6 and 7
P, —= PL 10 | tgy 20 10 ns
15 10 5 ns
Hold times 5 45 90 ns
BIN/DEC — CP 10 | thold 15 =30 ns
15 10 -20 ns
5 15 -1356 ns
UP/DN —» CP 10 | thold 0 -50 ns
15 -5 =35 ns
5 30 -30 ns
CE — CP 10 thold 10 -10 ns
15 5 -10 ns
5 15 =20 ns
P, — PL 10 | thold 0 -10 ns
15 (1] -5 ns
Maximum clock 5 4 8 MHz —_—
pulse frequency 10 | fmax 12 25 MHz E
15 18 35 MHz —_—
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HEF4029B

MmSi
CP INPUT 50% 50
+— thoig —

CE INPUT 50 }50%

BIN/DEC INPUT 50% 50% 50%
-ty — | —thog >l tgy —|e—t g —>

uP/DN INPUT 50% 50°% TSO%
-ty —>le—tho ety —le—ty g —»] 72730000

Fig. 6 Waveforms showing minimum pulse width for CP, set-up and hold times for CE to CP,. B'IN/DEC
to CP and UP/DN to CP. Set-up and hold times are shown as positive values but may be specified as

negative values.

CP INPUT

50 °/o
< typLy—>j<—trpL—>
PL INPUT 500 {500
| \
- tgy ——letpoqe
Pn INPUT 50% 50%o

72738171

Fig. 7 Waveforms showing minimum pulse width for PL, recovery time for PL, and set-up and hold
times for Py, to PL. Set-up and hold times are shown as positive values but may be specified as

negative values.
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Synchronous up/down, binary/decade counter
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Synchronous up/down counter, binary/decade counter HEF40298
MSI

APPLICATION INFORMATION

Some examples of applications for the HEF4029B are:

Programmable binary and decade counting/frequency synthesizers - BCD output.
Analogue-to-digital and digital-to-analogue conversion.

Up/down binary counting.

Magnitude and sign generation.

Up/down decade counting.

Difference counting.

(October 1980
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HEF4030B

gates

QUADRUPLE EXCLUSIVE-OR GATE

[
L~

The HEF4030B provides the positive quadruple exclusive-OR function. The outputs are fully
buffered for highest noise immunity and pattern insensitivity of output impedance.

L
I,

]

I3
I,

||

0y

lw

02]4

03 |10

Oal

Fig. 1 Functional diagram.

i+ >o-
2 >o-

Fig. 3 Logic diagram (one gate).

FAMILY DATA

YLY

7269549

I

IDD LIMITS category GATES

see Family Specifications

6] [13] 2] [l [o] [e] [®
Voo Ig I; Oy, O3 Ig s
HEF4030B

I I, 04 02 I3 I4 Vss
1 12] 131 &l 151 18] 17
7269496

Fig. 2 Pinning diagram.

HEF40308BP : 14-lead DIL; plastic (SOT-27K, M, T).

HEF4030BD: 14-lead DIL; ceramic (cerdip) (SOT-73).

HEF4030BT : 14-lead mini-pack; plastic
(SO-14;SOT-108A).

7Z74505.1

TRUTH TABLE

I 12 014

IrITr
rITIr

ITrr

H = HIGH state (the more
positive voltage)

L = LOW state (the less
positive voltage)

& Products approved to CECC 90 104-027.

w (May 1983
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HEF4030B

gates

A.C. CHARACTERISTICS
Vss =0 V; Tamb = 25 °C; Ci_ = 50 pF; input transition times < 20 ns

Vpp typical extrapolation
v symbol typ. max. formula
Propagation delays
In —= Op 5 85 175 ns | 57 ns+ (0,55 ns/pF) C|_
HIGH to LOW | 10 tPHL 35 75 ns | 24 ns + (0,23 ns/pF) C[
15 30 55 ns | 22 ns+ (0,16 ns/pF) C_
5 75 150 ns | 47 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tpLH 30 65 ns | 19 ns+ (0,23 ns/pF) C_
15 25 50 ns | 17 ns+ (0,16 ns/pF) C_
Qutput transition
times 5 60 120 ns | 10 ns+ (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns | 9ns+ (0,42 ns/pF) C
156 20 40 ns | 6ns+ (0,28 ns/pF) C
5 60 120  ns | 10 ns+ (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns | 9ns+ (0,42 ns/pF) C_
16 20 40 ns | 6ns+(0,28 ns/pF) C_
VbD tynical formula for P (W) where
\ o i f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1100 i + Z(foCL) x Vpp? CL = load capacitance (pF)
dissipation per 10 4900 f; + Z(f,CL) x Vpp? Z(foCyL) = sum of outputs
package (P) 15 14400 fj + Z(foCL) x Vpp? Vpp = supply voltage (V)
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64-STAGE STATIC SHIFT REGISTER .;e

The HEF4031B is an edge-triggered 64-stage static shift register with two serial data inputs (D, Dg), a
data select input A/B, a clock input (CP), a buffered clock output (CO), and buffered outputs from the
64th bit position (0g3, Og3). The output Og3 is capable of driving one TTL load.

Data from D p or Dg, as determined by the state of A/B, is shifted into the first shift register position
and all the data in the register is shifted one position to the right on the LOW to HIGH transition of
CP. D is selected by a LOW, and Dgby a HIGHon A/B. Registers can be cascaded either by connecting
all CP inputs together or by driving CP of the most right-hand register with the system clock and con-
necting CO.to CP of the preceding register. When the second technique is used in the recirculating
mode, a flip-flop must be used to store Og3 of the most right-hand register until the most left-hand
register is clocked.

10
A/B
+—O
15]PA
O63]6
64 - STAGE
1]%s STATIC SHIFT |
2]ce REGISTER O63| 7
N colo
1
7269534.2
Fig. 1 Functional diagram.
18] [15] [1a] [13] [12] f11] [ro] o PINNING
Vpp Da nc. nc. nc nc A/B CO Da, Dg data inputs
HEF40318 A/B data select input
= lock i W to HI -tri
Dg CP nc. nc. nc Ogs Oss Vs cpP clock input (LOW to HIGH edge-triggered)
PR o B8 e B o 7 e R o S R e P co buffered clock output
Lwadgiwe & ae
72694971 O63 buffered output from the 64th stage
Fig. 2 Pinning diagram. Og3 complementary buffered output from E
the 64th stage =
HEF4031BP : 16-lead DIL; plastic (SOT-382). ' —
HEF4031BD: 16-lead DIL; ceramic (cerdip) (SOT-74).
HEF4031BT : 16-lead mini-pack; plastic
(SO-16; SOT-109A).
FAMILY DATA
see Family Specifications.
ipp LIMITS category MSI :
& Products approved to CECC 90 104-028. May 1983 251
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oa—>o.

A/B _D
D——D —----—D © O—Do—oea
FF FF
?_ cP CP o4
o———F— 0
Dg —Dc 63
cp —D o
O
72698241
Fig. 3 Logic diagram.
D.C. CHARACTERISTICS
Vgs=0V; V|=Vggor Vpp
Tamb (°C)
VDD | VOH | VOL | symbol | 40 +25 +85
min. max. min. max. min. max.

Output (source) 5 4,6 1,0 0,85 0,65 mA
current 10 9,5 —-loH 3,0 2,5 2,0 mA
HIGH; Og3 15 13,5 10,0 8,6 6,5 mA
HIGH; Og3 5 2,5 —loH 3,0 2,5 2,0 mA

Output (sink) 4,75 0,4 2,7 2,3 18 mA
current 10 05 | loL 9,5 8,0 6,3 mA
LOW; Og3 15 1.5 24,0 20,0 16,0 mA
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64 stage static shift register

HEF4031B

Msi

A.C. CHARACTERISTICS

Vgs =0 V; Tamp = 25 OC; C