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DATA HANDBOOK SYSTEM 

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

ELECTRON TUBES BLUE 

SEMICONDUCTORS RED 

INTEGRATED CIRCUITS PURPLE 

COMPONENTS AND MATERIALS GREEN 

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

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

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

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

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



ELECTRON TUBES (BLUE SERIES) 

The blue series of data handbooks comprises: 

T1 Tubes for r.f. heating 

T2a Transmitting tubes for communications, glass types 

T2b Transmitting tubes for communications, ceramic types 

T3 Klystrons 

T4 Magnetrons for microwave heating 

T5 Cathode-ray tubes 
Instrument tubes, monitor and display tubes, C.R. tubes for special applications 

T6 Geiger-MUiier tubes 

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

T9 Photo and electron multipliers 

T10 Plumbicon camera tubes and accessories 

T11 Microwave semiconductors and components 

T12 Vidicon and Newvicon camera tubes 

T13 Image intensifiers and infrared detectors 

T15 Dry reed switches 

T16 Monochrome tubes and deflection units 
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units 
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SEMICONDUCTORS (RED SERIES) 

The red series of data handbooks comprises: 

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

S2a Power diodes 

S2b Thyristors and triacs 

S3 Small-signal transistors 

S4a Low-frequency power transistors and hybrid modules 

S4b High-voltage and switching power transistors 

S5 Field-effect transistors 

S6 R.F. power transistors and modules 

S7 Surface mounted semiconductors 

SBa Light-emitting diodes 

SBb Devices for optoelectronics 
Optocouplers, photosensitive diodes and transistors, infrared light-emitting diodes and 
infrared sensitive devices, laser and fibre-optic components 

S9 Power MOS transistors 

S10 Wideband transistors and wideband hybrid IC modules 

S11 Microwave transistors 

S12 Surface acoustic wave devices 

S13 Semiconductor sensors 

v 
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INTEGRATED CIRCUITS (PURPLE SERIES) 

The NEW SER I ES of handbooks is now completed. With effect from the pub I ication date of this 
handbook the "N" in the handbook code number will be deleted. 
Handbooks to be replaced during 1986 are shown below. 

The purple series of handbooks comprises: 

IC01 Radio, audio and associated systems new issue 1986 
Bipolar, MOS IC01N 1985 

IC02a/b Video and associated systems new issue 1986 
Bipolar, MOS IC02Na/b 1985 

IC03 Integrated circuits for telephony new issue 1986 
Bipolar, MOS IC03N 1985 

IC04 HE4000B logic family new issue 1986 
CMOS IC4 1983 

IC05N HE4000B logic family - uncased ICs published 1984 
CMOS 

IC06N High-speed CMOS; PC74HC/HCT/HCU published 1986 
Logic family 

IC08 ECL 10K and 100K logic families New issue 1986 
IC08N 1984 

IC09N TTL logic series published 1986 

IC10 Memories new issue 1986 
MOS, TTL, ECL IC7 1982 

IC11N Linear LSI published 1985 

Supplement Linear LSI published 1986 
tolC11N 

IC12 12C-bus compatible I Cs not yet issued 

IC13 Semi-custom new issue 1986 
Programmable Logic Devices (PLO) IC13N 1985 

IC14N Microprocessors, microcontrollers and peripherals published 1985 
Bipolar, MOS 

IC15 FAST TTL logic series new issue 1986 
IC15N 1985 

IC16 CMOS integrated circuits for clocks and watches first issue 1986 

IC17 Integrated Services Digital Networks (ISDN) not yet issued 

IC18 Microprocessors and peripherals new issue 1986* 

* The Microprocessors were indaded in handbook IC14N 1985, so IC18 will replace that part of 
IC14N. 
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COMPONENTS AND MATERIALS (GREEN SERIES) 

The green series of data handbooks comprises: 

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

CJ Loudspeakers 

C4 Ferroxcube potcores, square cores and cross cores 

C5 Ferroxcube for power, audio/video and accelerators 

C6 Synchronous motors and gearboxes 

C7 Variable capacitors 

CS Variable mains transformers 

C9 Piezoelectric quartz devices 

C11 Varistors, thermistors and sensors 

C12 Potentiometers, encoders and switches 

C13 Fixed resistors 

C14 Electrolytic and solid capacitors 

C15 Ceramic capacitors 

C16 Permanent magnet materials 

C17 Stepping motors and associated electronics 

C18 Direct current motors 

C19 Piezoelectric ceramics 

C20 Wire-wound components for TVs and monitors 

C22 Film capacitors 

vii 





SELECTION GUIDE 

Functional index 

Numerical index 

Maintenance type list 





NAND gates HEF4011B 
HEF4011UB 
HEF-40128 
HEF4023B 
HEF4068B 

AND gates HEF4073B 
HEF4081B 
HEF4082B 

NOR gates HEF4000B 
HEF4001B 
HEF4001UB 
HEF4002B 
HEF4025B 
HEF4078B 

OR gates HEF4071B 
HEF4072B 
HEF4075B 

Inverters and buffers HEF4007UB 
HEF4041B 
HEF4049B 
HEF4050B 
HEF4069UB 
HEF4502B 
HEF40097B 
HEF40098B 

Complex gates HEF4030B 
HEF4070B 
HEF4077B 
HEF4085B 
HEF4086B 

Flip-flops HEF4013B 
HEF4027B 
HEF4076B 
HEF40174B 
HEF40175B 

Counters HEF40178 
HEF4018B 
HEF4020B 
HEF4022B 
HEF4024B 
HEF4029B 

HEF4040B 

quadruple 2-input NANO gate 
quadruple 2-input NANO gate; unbuffered 
dual 4-input NANO gate 
triple 3-input NAN D gate 
8-input NANO gate 

triple 3-input AND gate 
quadruple 2-input AND gate 
dual 4-input AND gate 

dual 3-input NOR gate and inverter 
quadruple 2-input NOR gate 
quadruple 2-input NOR gate; unbuffered 
dual 4-input NOR gate 
triple 3-input NOR gate 
8-input NOR gate 

quadruple 2-input OR gate 
dual 4-input OR gate 
triple 3-input OR gate 

dual complementary pair and inverter 
quadruple true/complement buffer 
hex inverting buffers 
hex non-inverting buffers 
hex inverter 
strobed hex inverter/buffer 
3-state hex non-inverting buffer 
3-state hex inverting buffer 

quadruple EXCLUSIVE-OR gate 
quadruple EXCLUSIVE-OR gate 
quadruple EXCLUSIVE-NOR gate 
dual 2-wide 2-input AND-OR-invert gate 
4-wide 2-input AND-OR-invert gate 

dual D-type flip-flop 
dual J K flip-flop 

FUNCTIONAL 
INDEX 

page 

145 
147 
155 
219 
371 

385 
399 
401 

113 
117 
119 
127 
225 
397 

381 
383 
387 

133 
269 
313 
315 
373 
427 
721 
725 

249 
379 
395 
403 
405 

157 
227 

quadruple D-type register with 3-state outputs 389 
hex D-type flip-flop 775 
quadruple D-type flip-flop 779 

5-stage Johnson counter 181 
presettable divide-by-n counter 189 
14-stage binary counter 199 
4-stage divide-by-8 Johnson counter 211 
7-stage binary counter 221 
synchronous up/down counter, 
binary/decade counter 237 
12-stage binary counter 265 
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FUNCTIONAL 
INDEX 

page 

Counters (continued) HEF4059B programmable divide-by-n counter 341 
HEF4060B 14-stage ripple-carry binary 

counter/divider and oscillator 347 
HEF4510B BCD up/down counter 447 
HEF4516B binary up/down counter 479 
HEF4518B dual BCD counter 497 
HEF4520B dual binary counter 507 
HEF4521B 24-stage frequency divider 513 
HEF4522B programmable 4-bit BCD down counter 523 
HEF4526B programmable 4-bit binary down counter 533 
HEF4534B real time 5-decade counter 569 
HEF4737B; V quadruple static decade counters 649 
HEF4751V universal divider 681 
HEF40160B 4-bit synchronous decade counter with 

asynchronous reset 735 
HEF40161B 4-bit synchronous binary counter with 

asynchronous reset 745 
HEF40162B 4-bit synchronous decade counter with 

synchronous reset 755 
HEF40163B 4-bit synchronous binary counter with 

synchronous reset 765 
HEF40192B 4-bit up/down decade counter 783 
HEF40193B 4-bit up/down binary counter 791 

Registers HEF4006B 18-stage static shift register 129 
HEF4014B 8-bit static shift register 163 
HEF4015B dual 4-bit static shift register 169 
HEF4021 B 8-bit static shift register 205 
HEF4031B 64-stage static shift register 251 
HEF4035B 4-bit universal shift register 257 
HEF4076B quadruple D-type register with 3-state outputs 389 
HEF4094B 8-stage shift-and-store bus register 415 
HEF4517B dual 64-bit static shift register 489 
HEF4557B 1-to-64 bit variable length shift register 611 
HEF4731B; V quadruple 64-bit static shift register 645 
HEF40194B 4-bit bidirectional universal shift register 799 
HEF40195B 4-bit universal shift register 805 

Decoders and HEF4028B 1-of-10 decoder 233 
demultiplexers HEF4511B BCD to 7-segment latch/decoder/driver 457 

HEF4514B 1-of-16 decoder/demultiplexer with input latches 471 
HEF4515B 1-of-16 decoder/demultiplexer with input latches 475 
HEF4543B BCD to 7-segment latch/decoder/driver 597 
HEF4555B dual 1-of-4 decoder/demultiplexer 603 
HEF4556B dual 1-of-4 decoder/demultiplexer 607 

Digital multiplexers HEF4019B quadruple 2-input multiplexer 195 
HEF4512B 8-input multiplexer with 3-state output 465 
HEF4519B quadruple 2-input multiplexer 503 
HEF4539B dual 4-input multiplexer 585 
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Analogue switches and 
multiplexers/ 
demultiplexers 

Latches 

Multivibrators and 
timers 

Arithmetic units 

Schmitt triggers 

Memories 

Special functions 

Octal circuits 

HEF4016B 
HEF4051 B 
HEF4052B 
HEF4053B 
HEF4066B 
HEF4067B 

HEF4042B 
HEF4043B 
HEF4044B 
HEF4508B 
HEF4724B 

HEF4047B 
HEF4528B 
HEF4538B 
HEF4541B 
HEF4753B 

HEF4008B 
HEF4531B 
HEF4532B 
HEF4585B 

HEF4093B 
HEF40106B 

HEF4505B 
HEF4720B; V 

HEF4046B 
HEF4104B 

HEF4527B 
HEF4738V 
HEF4750V 
HEF4752V 
HEF4754V 
HEF4755V 

HEF40240B 
HEF40244B 
HEF40245B 
HEF40373B 
HEF40374B 

FUNCTIONAL 
INDEX 

page 

quadruple bilateral switches 173 
8-channel analogue multiplexer/demultiplexer 317 
dual 4-channel analogue multiplexer/demultiplexer 325 
triple 2-channel analogue multiplexer/demultiplexer 333 
quadruple bilateral switches 355 
16-channel analogue multiplexer/demultiplexer 363 

quadruple D-latch 271 
quadruple R/S latch with 3-state outputs 277 
quadruple R/S latch with 3-state outputs 281 
dual 4-bit latch 439 
8-bit addressable latch 639 

monostable/astable multivibrator 299 
dual monostable multivibrator 551 
dual precision monostable multivibrator 577 
programmable timer 589 
universal timer module 695 

4-bit binary full adder 141 
13-input parity checker/generator 557 
8-input priority encoder 561 
4-bit magnitude comparator 617 

quadruple 2-input NAN D Schmitt trigger 409 
hex Schmitt trigger 729 

64-bit, 1-bit per word read/write RAM 431 
256-bit, 1-bit per word RAM 623 

phase-locked loop 285 
quadruple low-to-high voltage translator 
with 3-state outputs 423 
BCD rate multiplier 543 
I EC/IEEE bus interface 657 
frequency synthesizer 665 
a.c. motor control circuit 691 
18-element bar graph LCD driver 703 
transceiver for serial data communication 709 

octa I buffers with 3-state outputs 813 
octal buffers with 3-state outputs 819 
octal bus transceiver with 3-state outputs 825 
octal transparent latch with 3-state outputs 831 
octal D-type flip-flop with 3-state outputs 837 
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NUMERICAL 
INDEX 

type number 

HEF4000B 
HEF4001B 
HEF4001UB 
HEF4002B 
HEF4006B 

HEF4007UB 
HEF4008B 
HEF4011B 
HEF4011UB 
HEF4012B 

HEF4013B 
HEF4014B 
HEF4015B 
HEF4016B 
HEF4017B 

HEF4018B 
HEF4019B 
HEF4020B 
HEF4021 B 
HEF4022B 

HEF4023B 
HEF4024B 
HEF4025B 
HEF4027B 
HEF4028B 

HEF4029B 
HEF4030B 
HEF4031B 
HEF4035B 
HEF4040B 

HEF4041B 
HEF4042B 
HEF4043B 
HEF4044B 
HEF4046B 

HEF4047B 
HEF4049B 
HEF4050B 
HEF4051B 
HEF4052B 

function 

dual 3-input NOR gate and inverter 
quadruple 2-input NOR gate 
quadruple 2-input NOR gate; unbuffered 
dual 4-input NOR gate 
18-stage static shift register 

dual complementary pair and inverter 
4-bit binary full adder 
quadruple 2-input NAND gate 
quadruple 2-input NAND gate; unbuffered 
dual 4-input NAND gate 

dual D-type flip-flop 
8-bit static shift register 
dual 4-bit static shift register 
quadruple bilateral switches 
5-stage Johnson counter 

presettable divide-by-n counter 
quadruple 2-input multiplexer 
14-stage binary counter 
8-bit static shift register 
4-stage divide-by-8 Johnson counter 

triple 3-input NAND gate 
7-stage binary counter 
triple 3-input NOR gate 
dual JK flip-flop 
1-of-1 0 decoder 

synchronous up/down - binary/decade counter 
quadruple EXCLUSIVE-OR gate 
64-stage static shift register 
4-bit universal shift register 
12-stage binary counter 

quadruple true/complement buffer 
quadruple D-latch 
quadruple R/S latch with 3-state outputs 
quadruple R/S latch with 3-state outputs 
phase-locked loop 

monostable/astable multivibrator 
hex inverting buffers 
hex non-inverting buffers 
8-channel analogue multiplexer/demultiplexer 
dual 4-channel analogue multiplexer/demultiplexer 

* Add the suffix to the type number on all orders. 
D:ceramic (cerdip) package (DI L). 
P :plastic package (DI L). 

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

M,y 19831 

category pins suffix * page 

gates 14 D, P, T 113 
gates 14 D, P, T 117 
gates 14 D, P, T 119 
gates 14 D,P,T 127 
MSI 14 D, P, T 129 

gates 14 D, P, T 133 
MSI 16 D, P, T 141 
gates 14 D, P, T 145 
gates 14 D,P,T 147 
gates 14 D,P,T 155 

flip-flops 14 D, P, T 157 
MSI 16 D,P, T 163 
MSI 16 D,P, T 169 
gates 14 D, P, T 173 
MSI 16 D, P, T 181 

MSI 16 D,P,T 189 
MSI 16 D, P, T 195 
MS! 16 D, P, T 199 
MSI 16 D, P, T 205 
MSI 16 D, P, T 211 

gates 14 D, P, T 219 
MSI 14 D, P, T 221 
gates 14 D, P, T 225 
flip-flops 16 D, P, T 227 
MSI 16 D, P, T 233 

MSI 16 D, P, T 237 
gates 14 D, P, T 249 
MSI 16 D, P, T 251 
MSI 16 D, P, T 257 
MSI 16 D, P, T 265 

buffers 14 D, P, T 269 
MSI 16 D, P, T 271 
MSI 16 D, P, T 277 
MSI 16 D, P, T 281 
MSI 16 D, P, T 285 

MSI 14 D, P, T 299 
buffers 16 D, P, T 313 
buffers 16 D, P, T 315 
MSI 16 D, P, T 317 
MSI 16 D, P, T 325 



type number function 

HEF4053B triple 2-channel analogue multiplexer/demultiplexer 
HEF4059B programmable divide-by-n counter 
HEF4060B 14-stage ripple-carry binary counter/divider 

and oscillator 
HEF4066B quadruple bilateral switches 
HEF4067B 16-channel analogue multiplexer/demultiplexer 

HEF4068B 8-input NANO gate 
HEF4069UB hex inverter 
HEF4070B quadruple EXCLUSIVE-OR gate 
HEF4071B quadruple 2-input OR gate 
HEF4072B dual 4-input OR gate 

HEF4073B triple 3-input AND gate 
HEF4075B triple 3-input OR gate 
HEF4076B quadruple 0-type register with 3-state outputs 
HEF4077B quadruple EXCLUSIVE-NOR gate 
HEF4078B 8-input NOR gate 

HEF4081 B quadruple 2-input AND gate 
HEF4082B dual 4-input AND gate 
HEF4085B dual 2-wide 2-input AND-OR-invert gate 
HEF4086B 4-wide 2-input AND-OR-invert gate 
HEF4093B quadruple 2-input NANO Schmitt trigger 

HEF4094B 8-stage shift-and-store bus register 
HEF4104B quadruple low to high voltage translator; 3-state 
HEF4502B strobed hex inverter/buffer 
HEF4505B 64-bit static read/write RAM 
HEF4508B dual 4-bit latch 

HEF4510B BCD up/down counter 
HEF4511B BCD to 7-segment latch/decoder/driver 
HEF4512B 8-input multiplexer with 3-state output 
HEF4514B 1-of-16 decoder/demultiplexer with input latches 
HEF4515B 1-of-16 decoder/demultiplexer with input latches 

HEF4516B binary up/down counter 
HEF4517B dual 64-bit static shift register 
HEF4518B dual BCD counter 
HEF4519B quadruple 2-input multiplexer 
HEF4520B dual binary counter 

HEF4521B 24-stage frequency divider 
HEF4522B programmable 4-bit BCD down counter 
HEF4526B programmable 4-bit binary down counter 
HEF4527B BCD rate multiplier 
HEF4528B dual monostable multivibrator 

* Add the suffix to the type number on all orders. 
D:ceramic (cerdip) package (DI L). 
P :plastic package (DI L). 
T:plastic mini-pack (SO-package). 

category 

MSI 
MSI 

MSI 
gates 
MSI 

gates 
gates 
gates 
gates 
gates 

gates 
gates 
MSI 
gates 
gates 

gates 
gates 
gates 
gates 
gates 

MSI 
MSI 
buffers 
LSI 
MSI 

MSI 
MSI 
MSI 
MSI 
MSI 

MSI 
LSI 
MSI 
MSI 
MSI 

MSI 
MSI 
MSI 
MSI 
MSI 

pins 

16 
24 

16 
14 
24 

14 
14 
14 
14 
14 

14 
14 
16 
14 
14 

14 
14 
14 
14 
14 

16 
16 
16 
i4 
24 

16 
16 
16 
24 
24 

16 
16 
16 
16 
16 

16 
16 
16 
16 
16 

NUMERICAL 
INDEX 

suffix * page 

D, P, T 333 
D, P, T 341 

D,P,T 347 
D, P, T 355 
D,P,T 363 

D,P,T 371 
D, P, T 373 
D,P,T 379 
D, P, T 381 
D,P,T 383 

D,P,T 385 
D,P,T 387 
D,P,T 389 
D, P, T 395 
D,P,T 397 

D,P,T 399 
D,P,T 401 
D, P, T 403 
D,P,T 405 
D, P, T 409 

D, P, T 415 
D, P, T 423 
D, P, T 427 
D,P 431 
D,P,T 439 

D,P,T 447 
D,P,T 457 
D, P, T 465 
D, P, T 471 
D,P, T 475 

D, P, T 479 
D,P,T 489 
D, P, T 497 
D,P,T 503 
D,P,T 507 

D,P,T 513 
D,P,T 523 
D,P,T 533 
D,P,T 543 
D,P,T 551 
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NUMERICAL 
INDEX 

type number 

HEF4531B 
HEF4532B 
HEF4534B 
HEF4538B 
HEF4539B 

HEF4541B 
HEF4543B 
HEF4555B 
HEF4556B 
HEF4557B 

HEF4585B 
HEF4720B;V 
HEF4724B 
HEF4731B;V 
HEF4737B;V 

HEF4738V 
HEF4750V 
HEF4751V 
HEF4752V 

HEF4753B 
HEF4754V 
HEF4755V 
HEF40097B 
HEF40098B 

HEF40106B 
HEF40160B 
HEF40161B 
HEF40162B 
HEF40163B 

HEF40174B 
HEF40175B 
HEF40192B 
HEF40193B 
HEF40194B 

HEF40195B 
HEF40240B 
HEF40244B 
HEF40245B 
HEF40373B 

HEF40374B 

function 

13-input parity checker/generator 
8-input priority encoder 
real time 5-decade counter 
dual precision monostable multivibrator 
dual 4-input multiplexer 

programmable timer 
BCD to 7-segment latch/decoder/driver 
dual 1-of-4 decoder/demultiplexer 
dual 1-of-4 decoder/demultiplexer 
1-to-64 bit variable length shift register 

4 bit magnitude comparator 
256-bit, 1-bit per word RAM 
8-bit addressable latch 
quadruple 64-bit static shift register 
quadruple static decade counters 

I EC/IEEE bus interface 
frequency synthesizer 
universal divider 
a.c. motor control circuit 

universal timer module 
18-element bar graph LCD driver 
transceiver for serial data communication 
3-state hex non-inverting buffer 
3-state hex inverting buffer 

hex inverting Schmitt trigger 
4-bit synchronous decade counter; asynchronous reset 
4-bit synchronous binary counter; asynchronous reset 
4-bit synchronous decade counter; synchronous reset 
4-bit synchronous binary counter; synchronous reset 

hex D-type flip-flop 
quadruple D-type flip-flop 
4-bit up/down decade counter 
4-bit up/down binary counter 
4-bit bidirectional universal shift register 

4-bit universal shift register 
octal buffers with 3-state outputs 
octal buffers with 3-state outputs 
octal bus transceiver with 3-state outputs 
octal transparent latch with 3-state outputs 

octal D-type flip-flop with 3-state outputs 

· * : Add the suffix to the type number on all orders. 
D: ceramic (cerdip) package (DIL). 
P : plastic package (DI L). 
T : plastic mini-pack (SO-package). 

May 19831 

category pins suffix * page 

MSI 16 D, P, T 557 
MSI 16 D,P,T 561 
LSI 24 D,P, T 569 
MSI 16 D,P, T 577 
MSI 16 D,P, T 585 

MSI 14 D,P,T 589 
MSI 16 D,P, T 597 
MSI 16 D,P,T 603 
MSI 16 D,P, T 607 
LSI 16 D, P, T 611 

MSI 16 D, P, T 617 
LSI 16 D,P, T 623 
MSI 16 D,P, T 639 
LSI 14 D, p 645 
LSI 18 D,P 649 

LSI 40 p 657 
LSI 28 D 665 
LSI 28 D,P,T 681 
LSI 28 D, P, T 691 

LSI 18 D,P 695 
LSI 28 D,P,T 703 
LSI 28 D, P, T 709 
buffers 16 D,P, T 721 
buffers 16 D,P, T 725 

gates 14 D,P, T 729 
MSI 16 D, P, T 735 
MSI 16 D, P, T 745 
MSI 16 D, P, T 755 
MSI 16 D, P, T 765 

MSI 16 D, P, T 775 
MSI 16 D,P, T 779 
MSI 16 D, P, T 783 
MSI 16 D, P, T 791 
MSI 16 D, P, T 799 

MSI 16 D, P, T 805 
buffers 20 P, T 813 
buffers 20 P, T 819 
buffers 20 P, T 825 
MSI 20 P,T 831 

MSI 20 P, T 837 
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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 establishes either a limiting capability or a limiting condition for an electronic 
device. It is determined for specified values of environment and operation, and may be stated in any 
suitable terms. 

Note 
Limiting conditions may be either maxima or minima. 

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

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

ABSOLUTE MAXIMUM RATING SYSTEM 

Absolute 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 chosp;, 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 ·1c 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 
sur·face, 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. 

(Moy 1983 13 
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CECC QUALIFIED PRODUCTS 

INTRODUCTION 

The basis of the quality assessment of the CMOS I Cs 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 I Cs 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 

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 (I EC). 

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 NS! 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 

CECC 
~ ..:;. 

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 CB (endurance). 
• Pass CB 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 IS on the individual data sheets in this handbook. The appropriate CECC 
detail specification number is also given. 
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BURN-IN 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 I Cs; 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 BU RN-IN option is an additional feature and is available on all our plastic and ceramic (cerdip) 
DI L packaged CMOS I Cs. 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 

MARK 

FINAL TEST 
D.C./FUNCTIONAL 

ACCEPTANCE 
TESTING 

7Z90188 

BURN-IN FLOW 

Burn-in is performed under the following conditions: 

Voo 
Tamb 
time 
bias 

15 v 
125 oc ) 
168 hours or equivalent 

static 

MARK 

ELECTRICAL 
TEST/D.C. 
PARAMETERS 
AT 25°c 

BURN-IN 

FINAL TEST 
D.C./FUNCTIONAL 

ACCEPTANCE 
TESTING 
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INFORMATION 
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ORDERING INFORMATION 

TYPE DESIGNATION 

HEX4512BXX 

family identification HE 

x 
4512 

operating temperature range (C =full, F = limited) 

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 

7Z86174 

terminal 1 
xxxxxxxxxx---+--type designation 

identification____.. xxxxxx~~ 

factory identification layout no. 

date code quality assessment level ( R, S, T or V) 

ORDERING 

N (a) integrated circuit HEF (b) 45128, R (c) level, B class (d), D (e) package, following 
N L-CECC 90 104-066, Issue 1. 

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 
b: operating temperature range (HEF or HEC) 
c: quality assessment level ( R) 
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-27K,M,T) 

ii 1• !- --- ------19,5max -~------~~~ t 

~1 I 

--~ 8,25 max ·------•1 

I 
4,7 

~. i -rr 
0,53 

I 
I 

- ,-:.- 0,32 
II max 

I 
I 3,6o I 

3,05 

' I 1:· max 
-1•10,254@1111 1,1 

~ 

II 
1,1, 

J ' [_2~5i;J 
....-l 2,2 1_. ___ .I •... _ ,._..[.._=-:-=_.,_I .. 

max 

4 

top view 

Dimensions in mm 

SOLDERING 

1. By hand 

1~- ·-· [TilJ 

10 
8,3 

.. , 

$ Positional accuracy. 

@ Maximum Material Condition. 

(1) Centre-lines of all leads are 

(2) 

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 °c it must not be in contact for more than 10 seconds; if between 
300 °c and 400 oc, 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 piastic 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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PACKAGE 
OUTLINES 

16-LEAD DUAL IN-LINE; PLASTIC (SOT-38Z) 

!j 11 g> I 
:;:; I 
g I 
U1 

19,5max--------ooh 

4,7 
max 

f 0,51 I 
~mint 
- - 0 75121 

-a,25max--

I 
I 
I t -

+ , -.. J,.__0,32 1
1 3,43 

3,05 

+ 

0,53 
max -- II max I 

,111 11 

, L--L?Bl-J , 
-i+lo.2s4@1 111 

15 14 13 12 11 10 9 

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

2 3 4 5 6 7 B 

lead 1 indication (either index or sign) 

top view 

Dimensions in mm 

SOLDERING 

1. By hand 

__ 10 ___ ~ 

8,3 7273586.2 

$ Positional accuracy. 

@ Maximum Material Condition. 

( 1) Centre-lines of al I 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. 

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 oc 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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PACKAGE 
OUTLINES 

14-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-73A,B,C) 

"' c 
E 

--------19,94 max-------

5,08 

3,4 0,51 

-+-- 8,25 max ---

I 
'-----LJ-L-----' I 1 

I 
-- '....it-0,32 11 

i,1 o 23 1,I 
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2 ,9 I 12X I ' 0,38 ' t I - ---1+1 o,2s4®I111 

' I I I 12 54) I I 1 

2,54 1--1--1--1~1--1--1 
max 

14 13 12 11 10 9 8 

4 5 

top view 

Dimensions in mm 

, ____ 10,0 ___ .. , 

7,6 7273755.3 

$ Positional accuracy. 

@ Maximum Material Condition. 

(1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

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

16-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-7 4A,B,C) 

------- 19,94 max-------• 
QI 
c: 
0 
0.. 
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c: 
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Dimensions in mm 

12 11 10 

5 6 7 

side view 

9 

8 

t 
5,08 
max 

top view 

$ Positional accuracy. 

@ Maximum Material Condition. 

( 1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

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



PACKAGE 
OUTLINES 

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

4 

1-4-------15,9 max-----• 

side view 

I 
II ~----~~----~ 
II 

.... ~0,32 
11 0,23 

~ 
;~o 1s•i-----l15,24I----- 7ZSS849.S 

Dimensions in mm 

-+f--- 0 76 121 . ' 
~111 

10 12 top view 

$ Positional accuracy. 

@ Maximum Material Condition. 

(1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

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

24-LEAD DUAL IN-LINE; PLASTIC (SOT-101A) 

131 

2,2 i ... 
max 

24 22 21 
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15,8 max 

I 
II 
II 

,.,.. ...L0,32 
ii max 

'11: 

' 1---115,241---------- 17,15 ___ 
15,90 

Dimensions in mm 
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32max-----h 

19 18 

22x , 

I 
·~ 1-'---.I 

17 16 

side view 

7273670.5 

15 

10 

$ 
@ 

(1) 

(2) 

(3) 

0,53 
max 

-+1•10,254 (M)I 111 

14 13 top view 

11 12 

Positional accuracy. 

Maximum Material Condition. 

Centre-lines of all leads are 
with in ±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. 



PACKAGE 
OUTLINES 

18-LEAD DUAL IN-LINE; PLASTIC (SOT -102) 
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Dimensions in mm 
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$ 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. 
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PACKAGE 
OUTLINES 

14-LEAD MINI-PACK; PLASTIC (S0-14; SOT-108A) 

·------- 8,75 ______ .,., 
8,55 

0,7 
0,6t 

i_ 
0,7 max 

SOLDERING 

The reflow solder technique 

top view 

____ 5,2 ---·· 
4,6 

._1,25-4,0_ 
0,85 3,8 

Dimensions in mm 

$ Positional accuracy. 

@) Maximum Material Condition. 

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 µm is used 
for which the emulsion thickness should be about 50 µm. 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 
suffieient 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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PACKAGE 
OUTLINES 

16-LEAD MINI-PACK; PLASTIC (S0-16; SOT-109A) 
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Dimensions in mm 

9 10 11 12 13 14 15 16 ----a---rr1f1JljB-- -$ 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 oc when a mild flux is used. 

For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 µm is used 
for which the emulsion thickness should be about 50 µm. 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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PACKAGE 
OUTLINES 

28-LEAD DUAL IN-LINE; PLASTIC (SOT-117) 
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18 17 16 
top view 
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$ Positional accuracy. 

@ Maximum Material Condition. 

( 1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

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

(3) Index may be horizontal as shown, 
or vertical. 



{3) 

__/ 

I I ~ 
:s:: 
Q) 

< 
~ 

co 
00 
w 

I 1T;;;~~ 
. 

I 
w 

15~8 max 

L 

115,241 

17,15 
15,90 

I' 
I 
I 

" ,, 
1' 

~ 
i i 

side view 

52,5 ~~~~~~~~~~~~~~~~~~~~~~ 
max 

$ 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. 

-t l 4,7 
max 

t o,511 
~ 

- __1075111 . t , 

~~~-llf--(.10,2541@1") 
._l1.1I_ 

max 

top view 

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

(3) Index may be horizontal as shown, 
or vertical. 

Dimensions in mm 
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PACKAGE 
OUTLINES 

18-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-133A,B) 

QJ 
c 
.!2 
a. 
Ol 
c .... 
0 
QJ 
Ill 

+ 
3,4 
2,9 

23,6 max 

t 
5,08 
max 

~ 0,38 I 3 min t 
- - 0 76 (2 ) 

0,51 t ' 
1/x i o,~ i -j+-io,254@1(11 

1,27._ 
max 

I ' ' I I '\2 54\' ' ' 1_1_1_1 ___ 1_1_:__1 ___ 1_1 

18 17 16 15 14 13 12 11 10 top view 

-+---- - --- - -- - --- - -- - --- -

2 3 4 

.--a,25 max---+-

11 
Li 

~ ~ , 
I 1l I 

II I I 
1! o 32 Ir 

10'23 11 
I 1,I , l•I I 

I '--~-l I 

, ____ 10,0 ---•I 
7,6 

7Z78692.3 

5 6 

side view 

7 8 9 

$- Positional accuracy. 

@ Maximum Material Condition. 

(1) Centre-lines of all leads are 
withi11<±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. 

Dimensions in mm 

May 19831 



PACKAGE 
OUTLINES 

28-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-135A) 
1------ ---·~-------- 38,1 max 

28 27 26 25 24 23 22 21 

,-----15,9 max----

Dimensions in mm 

20 19 18 17 16 15 

14 top view 

-$- Positional accuracy. 

@ Maximum Material Condition. 

( 1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

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

20-LEAD DUAL IN-LINE; PLASTIC (SOT-146; 146C1) 

+ 
3,43 
3,05 

• 
18x 
I 

0,53 
max - -J•lo,2s4 @J 111 

I I 1 I 1 I 12 54j 1 1 I I 

_.... 2 1------.1-1------.l------.1-----.1~1---1-----.l------.I 
max 

1,73 max _., 1-

19 18 17 16 15 14 13 12 11 top view 

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

2 3 

-a,2smax-

I 
I 

- !J.__D,38 
11 max 
II 
1,1 

I 
I 
II 
II 
II 
I,[ 

~ ~ 
' i-11.s21-i 
,._ __ 10,03 ___ , 

8,3 
7Z83901.3 

Dimensions in mm 

M'Y 19831 

4 5 6 7 

side view 

8 9 10 

$ 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. 



PACKAGE 
OUTLINES 

16-LEAD MINI-PACK; PLASTIC (S0-16L; SOT-162A) 

SOLDERING 

The reflow solder technique 

top view 

2,0 
max 

Dimensions in mm 

$- Positional accuracy. 

@ Maximum Material Condition. 

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 oc when a mild flux is used. 

For printing the paste onto the substrate a stainless steel screen with a mesh of 80 to 105 µm is used 
for which the emulsion thickness should be about 50 µm. 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 substrnte must be cleaned of any remaining flux. 

I (J·""'"' , ... 
- - ---- ···-- ---
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PACKAGE 
OUTLINES 

20-LEAD MINI-PACK; PLASTIC (S0-20; SOT-163A) 

0,76 max 

SOLDERING 

The reflow solder technique 

,0,491, I 
1~1~ -[illl--

top view 

2,0 
max 

,._ ____ 9,25 _____ , 
8,75 

,.._ ___ 7,6 ____ , 

7,4 

• 0,3 
0,1 o,3min1· , ______ 10,65 _______ , 

10,0 7Z8389?.2 

Dimensions in mm 

$ Positional accuracy. 

@ Maximum Material Condition. 

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 µm is used 
for which the emulsion thickness should be about 50 µm. 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 DIAGRAMS 





HEF4000B 

Dual 3-input NOR 
gate and inverter. 

HEF4006B 

SHIFT REGISTER 

4-BITS 

SHIFT REGISTER 
4-BITS 

SHIFT REGISTER 

5-BITS 

SHIFT REGISTER 

5-BITS 

HEF4001B 

Quadruple 2-input 
NOR gate. 

7Z73675.2 

18-stage static shift register. 

HEF4007UB 

13 11 

8 3 4 5 10 

HEF4001UB 

Quadruple 2-input 
NOR gate; unbuffered. 

15 83 

5 A1 

6 Bo 

7 Ao 

9 C1N 

HEF4008B 

FUNCTIONAL 
DIAGRAMS 

HEF4002B 

Dual 4-input 
NOR gate. 

7Z74548.1 

4-bit binary full adder. 

Dual complementary pair and 
inverter; unbuffered. 
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FUNCTIONAL 
DIAGRAMS 

HEF4011B HEF4011UB 

Quadruple 2-input 
NAND gate. 

Quadruple 2-input 
NAND gate; unbuffered. 

9 PE 

11 Ds 

10 CP 

7Z69525.3 

HEF4014B 

SHIFT REGISTER 
8-BITS 

8-bit static shift register. 

HEF4016B 

7Z69571.2 

Quadruple bilateral switches. 

HEF4017B 

13 CP1 

14 CPo 
5-STAGE JOHNSON COUNTER 

15 MR 

DECODING AND OUTPUT CIRCUITRY 

7Z69564.3 3 2 4 7 10 1 5 6 g 

5-stage Johnson counter. 

40 Ootoboc 1980 I 

HEF4012B 

Dual 4-input 
NAND gate. 

HEF4015B 

HEF4018B 

HEF4013B 

6 

S01 
Dl 01 

..1. CP1 FF 

01 

CDl 

4 

8 

SD2 
g 

D2 02 13 

11 CP2 FF 

02 12 

CD2 

10 

7269524.1 

Dual D-type flip-flop. 

7 DA OOA 5 

SHIFT OlA 4 
g CPA REGISTER 02A 3 

4-BITS 
03A 10 

6 MRA 

15 DB 0 os 13 

SHIFT 018 12 
1 CPB REGISTER 02s 11 

4-BITS 
03s 2 

14 MRs 

7Z69526.2 

Dual 4-bit static 
shift register 

15 MR 

5 4 6 11 13 

7Z69527,3 

Presettable divide-by-n counter. 



10 CP T 

11 MR 

7Z73680.3 

9 PL 

6 

9 

7 
Po 

So/co 
D 

CP 

7269530.4 

4 

HEF4019B 
5 

Quadruple 2-input multiplexer. 

HEF4020B 

12·STAGE COUNTER 

15 

7Z69542.3 

4 6 13 12 14 15 3 

14-stage binary counter. 

HEF4021B 
HEF4024B 

6 5 4 13 14 15 1 
P1 P2 P3 P4 P5 P5 P7 

SHIFT REGISTER 
8- BITS 

2 12 3 

8-bit static shift register. 

7Z69565.2 

HEF4022B 

4-STAGE JOHNSON COUNTER 

....--~--"'-----'---"'----'---. 04-7 12 
DECOOING AND OUTPUT CIRCUITRY 

2 11 4 10 

4-stage divide-by-8 Johnson counter. 

1 CP T 

2 MR 

7269531.4 

FUNCTIONAL 
DIAGRAMS 

HEF4023B 

Triple 3-input NANO gate. 

HEF4025B 

Triple 3-input NOR gate. 

7-STAGE COUNTER 

12 11 9 6 5 4 3 

7-stage binary counter. 

HEF4027B 
501 

10 
J1 o, 15 

13 CP1 FF 

11 
Ki o, 14 

Co1 
12 

So2 
J2 02 

3 CP2 FF 

K2 02 
2 

Co2 

7Z69532.1 

Dual JK flip-flop. 
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FUNCTIONAL 
DIAGRAMS 

HEF4028B 
10 13 12 11 

DE CD DER 

HEF4029B 
4 12 13 3 

9 BIN/DEC fC 1 

10 UP/Di'ii 
COUNTER 

3 14 2 15 1 6 7 4 9 5 

1-of-10 decoder. 

HEF4030B 

Quadruple EXCLUSIVE-OR gate. 

7 PE 

4 J 

3 R 

6 CP 

5 MR 

2 T/C 

7Z69536.3 

42 October 1980 I 

7Z73681.1 

6 11 14 2 
7273683.2 

Synchronous up/down counter, 
binary/decade counter. 

HEF4031B 
10 
A/B 

64-STAGE 

STATIC SHIFT 

REGISTER 

64-stage static shift register. 

HEF4035B 

9 10 11 12 

PARALLEL ENABLE CIRCUITRY 

SHIFT REGISTER 4-BITS 

TRUE I COMPLEMENT Cl RCUITRY 

01 
15 14 13 

4-bit universal shift register. 

co 9 

7269534.2 



10 GP T 

11 MR 

77t;;9536 ::i 

HEF4041B 

HEF4040B 

12-STAGE COUNTER 

6 5 3 2 4 13 12 14 15 

12-stage binary counter. 

FUNCTIONAL 
DIAGRAMS 

HEF4042B 

_4+-Do ____ ---f D 0 Do 2 

7 D1 0 1 10 

FF 
2 

01 9 

0 2 11 

FF 
3 02 12 

03 1 

04 12 Quadruple D-latch. 

3 Ro 

D4 11 Quadruple true/complement 
buffer. 

7Z75422.1 

HEF4043B 

3-STATE 
OUTPUTS 

Do 2 

01 9 

7Z73687.3 

HEF4044B 

3-STATE 
OUTPUTS 

Do 13 

01 9 

7Z73689.3 

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

5 

4 -

6 

8 

d 
',' VCOouT 4 

C1A 6 

C1 

R1 

INH 

AST ABLE AST ABLE 

AST ABLE GATE 

CONTROL 

·-TRIGGER 
MONOSTABLE 

+TRIGG§B._ CONTROL 

vco 

HEF4046B 

PC1ouT 

·: ::::J :: .. = 1---·---.-------1---:r Fl L TER 
C2 

10 SFouT T SOURCE 
FOLLOWER Vss 

Vss +--IM-1-5+- ZENER 

7Z7369L2 

Phase-locked loop. 

HEF4047B 

c t 

AST ABLE 

MULTI

VIBRATOR 

OSGI LLATOR 
OUTPUT 

13 

RETRIGGER RETRIGGER 12 
CONTROL 

FREQUENCY 
DIVIDER 

1.;-21 

0 10 

0 ,, 

MR 9 

7Z74558.1 

Monostable/astable multivibrator. 

Ootob" 1980 I 



HEF4049B 

Hex inverting buffers. 

11 Ao 

e E 

16 

vDD 

LOGIC 
LEVEL 

CONVERSION 

Vss 
8 

HEF4051B 

1-of-8 
DECODER 

FUNCTIONAL 
DIAGRAMS 

HE:F4050B 

Hex non-inverting buffers. 

7Z69537.4 

8-channel analogue multiplexer/demultiplexer. 

' (October 1980 45 



~ 

0 
(') .-.. 
0 
C" 
~ 

tD 
00 
0 

10IAQ 

9IA1 

61E 

LOGIC 

LEVEL 
CONVERSION 

i 
Vss 
8 

HEF4052B 

- of-4 

DECODER 

'VEE 

ZAl13 

Zsl3 

7Z69538A 

Dual 4-channel analogue multiplexer/demultiplexer. 

gjSc 

61E 

HEF4053B 

16 

I I I I 
I 

LOGIC 
LEVEL 

CONVERSION 

Vss 
,8 

DECODER 

VEE 

J 

iy I 

t~VJ 

~ I , zci4 

7Z69539A 

Triple 2-channel analogue multiplexer/demultiplexer. 

0,, _c 
)> z 
G>O :a --! 
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~~ 
(/) )> 

r 



1 CP 

3 4 5 6 

1 st 
COUNTING 
SECTION 

+ 10, 8, 5, 4, 2 

MODE 

SELECTION 

24 12 

FUNCTIONAL 
DIAGRAMS 

HEF4059B 

22 21 20 19 18 17 16 15 10 9 

+ 10 

preset enable 

---, 
--+--, 

-----l-t-1 

INTERMEDIATE COUNTING SECTION 

+ 10 + 10 

5th 
COUNTING 
SECTION 

+ 1, 2, 2, 4, 8 

t 
I 

__________ _J 

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

PRESET 

ENABLE 

Programmable divide-by-n counter. 

HEF4060B 

EL 

2 

OUTPUT 

STAGE 

10 9 

14-STAGE BINARY COUNTER 

4 6 14 13 15 1 2 3 
7Z84437 

14-stage ripple-carry binary counter/divider and oscillator. 

HEF4066B 

7Z69571.2 

Quadruple bilateral switches. 

7Z84351 

0 

23 
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FUNCTIONAL 
DIAGRAMS 

HEF4067B 

10 Ao 

I 
11 Ai I 

I 
I 
I 

14 A2 
I 
I 

HEF4068B HEF4069UB 

2 lo 

Y4 5 

Y5 4 

Y5 3 

;'7 2 

I Yg 23 8-input NANO gate. 

48 

1-of-16 I Yg 22 

DECODER 
I Y10 21 

13 A3 I 
I Y11 20 

I Y12 _!g_ 
I 

Y13 I 18 

I Y14 17 

·~ z 1 

15 E 

7Z73694.3 

16-channel analogue 
multiplexer/demultiplexer. 

HEF4071B 

HEF4070B 

HEF4072B 

Dual 4-input OR gate. 

Quadruple 2-input 
OR gate 

HEF4073B HEF4075B 

3 11 3 !1 

Triple 3-input AND gate. Triple 3-input OR gate. 

October 1980] 

Hex inverter; 
unbuffered. 

Quadruple EXCLUSIVE-OR 
gate. 

HEF4076B 

2 w, 

Quadruple D-type register 
with 3-state outputs. 



HEF4077B HEF4078B 

2 Io 

8-input NOR gate. 

HEF4081B 

FUNCTIONAL 
DIAGRAMS 

HEF4082B 

Dual 4-input AND 
gate. 

Quadruple EXCLUSIVE-NOR gate. Quadruple 2-input AND gate. 

HEF4085B 

Dual 2-wide 2-input 
AND-OR-INVERT gate. 

HEF4094B 

2 D 

HEF4086B 

1 1o 

7Z73702.1 

4-wide 2-input 
AND-OR-INVERT gate. 

8-STAGESHIFT 05 10 

3 CP 

1 STR 

15 EO 

REGISTER 

8-BIT STORAGE 

REGISTER 

3-STATE OUTPUTS 

4 5 6 7 14 13 12 11 

o, 9 

7274614.1 

8-stage shift-and-store 
bus register. 

HEF4093B 

Quadruple 2-input NAN D 
Schmitt trigger. 
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FUNCTIONAL 
DIAGRAMS 

HEF4104B 

4 1o 

11 12 LEVEL 
CONVERTER 

15 EO 

7274574.1 

1 Ao 

2 A1 ROW 

3 A2 DECODER 

5 ST 

READ/ 
WRITE 

CONTROL 

10 Dour 

50 October 1980 l 

Quadruple low-to-high 
voltage translator 
with 3-state outputs. 

HEF4505B 

8x8 MEMORY 

CELL ARRAY 

HEF4502B 

4 EO 

7Z75372.2 

Strobed hex inverter/buffer. 

64-bit, 1-bit per word random 
access read/write memory. 

A4 11 
COLUMN 
DECODER As 12 

7Z74630.2 



FUNCTIONAL 
DIAGRAMS 

HEF4508B 

.-----·--·-------·-·-

I.ii TCll 

1 to 4 

OoA 

01A 7 

02A 9 

11 

16 D 10 r-·-1 [J 17 

18 D~;- - LllTCH ~ ()~; 19 

2.Q ['...£.ll. 1 to 4 Ll2.13 21 

2_2_ o_}[3 _ D3_s 2 3 

~~:. _TJ 
7 ;-14605.7 

Dual 4·bit latch. 

HEF4511B 

14 15 9 10 11 12 13 

/;'/3717 2 

BCD lo 7 segment latch/decoder/driver. 

HEF4514B 

-~ Pl 

15 CP 

cf' 

10 u.~@::i 

9 Mfl 

4 
HEF4510B 

17 1J 

!JP UOWN 

rou'HCf 

_ -~ToL~.-1.:2~--
~'11 14 '; !~ :·n:ng_:; 

BCD up/down counter. 

HEF4512B 

8-input multiplexer with :!-state output 

---------- ---~jd~Jitlt·-~--~---
1 El ' ____ J 

23 E 

o0 o1 o2 

11 g 111 

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

LATCHES 

DECODER 

6 4 18 17 20 19 14 13 16 15 

7Z84275 

1 of 16 decoder/demultiplexer with input latches. 

HEF4516B 

counter. 

13 PE/Eos 

HEF451SB 

ot .. ·-L)o-

9 SA 

14 SB 

10 Ci510 

03s 14 

7 Z59556. 1 7Z69528.3 

Dual BCD counter. 

52 October~ 

HEF4517B 

INPUT/3-STATE -OUTPUT CIRCUITRY 

64-BIT STATIC SHIFT REGISTER 

INPUT /3-STATE - OUTPUT CIRCUITRY 

__ 0_64B 11 

04as 14 

7Z74569.1 

Dual 64-bit static shift register. 

HEF4519B 

6 7 4 15 1 

Ao Bo Al 81 A2 82 A3 83 

MULTIPLEXER 

INH OUTPUTS 

01 

10 11 12 13 

Quadruple 2-input multiplexer. 



HEF4520B 

03s 14 

15 MRs 

7Z69556.1 

Dual binary counter. 

HEF4521B 

4 

STAGES~to8 
Os 

~-----

·-------+-----· 

---~>--+-<CP 

CP 
STAGES 9to 16 

STAGES 17 to 24 

7Zl4562.1 10 11 12 13 14 15 

24-stage frequency divider. 

FUNCTIONAL 
DIAGRAMS 
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FUNCTIONAL 
DIAGRAMS 

10 MR 

13 CF 

HEF4522B 
3 5 11 14 2 
PL Po P1 P2 P3 

PARALLEL LOAD 

CIRCUITRY 

Ca/So 
BCD 

CP DOWN 

Co 
COUNTER 

03 1 
02 15 
01 9 
Oo 7 

ZERO TC 12 
DETECTOR 

7Z74612.2 

10 MR 

13 CF 

HEF4526B 
3 
PL Po 

Co/So 
BINARY 

DOWN CP 

COUNTER 

ZERO 

DETECTOR 

03 1 
02 15 
01 9 
Oo 7 

TC 12 

7Z84109.1 

Programmable 4-bit BCD down counter. Programmable 4-bit binary down counter. 

54 

9 CP 

4 PL 

13 CL 

11 CE 

+ 10 

COUNTER 

HEF4527B 

10 12 14 15 

RATE SELECTOR 

BCD rate multiplier. 

HEF4531B 

01 6 

51 

TC 1 

TC 7 

7284386 

6 5 4 15 14 13 12 11 10 

0 is HIGH if any odd number of inputs is HIGH 

0 

9 

13-input parity checker/generator. 

o:tober 1980 ~ 

7Z74619. 1 

HEF4528B 

15 

Os 10 

12 

7Z82336. 1 

Dual monostable multivibrator. 



5 Ein 

4 17 

3 15 

2 15 

1 14 

13 13 

12 12 

11 11 

10 lo 

HEF4532B 

~ 
~ 

~ 
.------' 

_C 
enable 

02 6 

PRIORITY 01 7 
ENCODER 

Oo 9 

7275371.1 

8-input priority encoder. 

FUNCTIONAL 
DIAGRAMS 
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FUNCTIONAL 
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HEF4534B 

CPE 

CPA 

PULSE 
SHAPER 

.,.._,,__ __ _,CDCPOot------1 

102 o, 
02t-----1 

~ 
J 

D3 o3 t------1 

SB ---+---ij CARRY CONTROL 
l 

.l 
-----tCD CP_ Ool------1 

103 o, t------1 

021------1 

D4 0 31----t 

~---~CDCPOot------1 

104 0,1-----t 

02t-----1 

D5 0 31-----t 

I 
TC 

l 

MUX 

l 

MUX 

l 

MUX 

OER MR 5c CPS 

f

l--

I--

Real time 5-decade counter. 

October 1980 l 
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HEF4538B 

2 RCTCA 

4 

14 RCTCB 

15 

11 lo B 
12 

Dual precision monostable 
multivibrator. 

HEF4543B 
3 

DA DB De 

1 LD 
LATCHES 

7 Bl 
DECODER 

6 PH 
DRIVERS 

og Ot Oe od QC 

14 15 13 12 11 

BCD to 7-segment 

Do 

ob o. 
1a 9 

7Z72880.2 

I atch/ decoder Id river. 

6 MR 

9 PH 

2 AaA 

RESET 

HEF4539B 
10 

FUNCTIONAL 
DIAGRAMS 

12 

E8 15 

7Z69543.3 

Dual 4-input multiplexer. 

HEF4541B 

12 113 10 

Ao Ai MODE 

CP control inputs 
OUTPUT 0 8 BINARY 

Co COUNTER STAGE 

7283068.2 

Programmable timer. 

HEF4555B HEF4556B 

OoA 4 

01A 5 
2 AaA 

3 A1A 
DECODER 02A 

3 A1A 
DECODER 

03A 

1 EA 1 EA 

0 as 12 
14 AaB 

01B 
14 

11 
Aas 

DECODER 02B 1a A1B 
DECODER 

13 A1B 13 
03s g 

15 Es 15 Es 

7Z69544.2 7285105 

Dual 1-of-4 decoder/ Dual 1-of-4 decoder/ 
demultiplexer. demultiplexer. 
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15 w 

12 D 

i Ao 

Ai 

3 A2 

14 E 
i5 CL 
i3 D 

HEF4557B 
9 i2 i3 14 15 i 

A/B MR L32 L15 Ls L4 L2 

Co 

D SHIFT REGISTER 

GP 64-81TS 

1-to-16 bit variable length shift register. 

HEF4720B; V 

IN:UT t-+-1 x H 16 x 16 
BUFFERS DECODER MATRIX 

I I 
y y 

INPUT 
BUFFERS 

DECODER 1----+------1 
READ/ 

WRITE 
CIRCUIT 

I 
INPUT 

BUFFER 

CHIP 

SELECT 

T16 

256-bit, 1-bit per word RAM. 

HEF4724B 

Oo 4 

Oi 5 

1-of-8 02 6 
DECODER 

03 7 
8 

LATCHES 04 9 

05 io 

05 i1 

07 i2 

7Z73721.2 

8-bit addressable latch. 
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Li 

0 

6 

7Z72875.2 

Js 
Voo 

OUTPUT 

BUFFER 

Vss 

10 

ii 

9 

10 

i2 

i3 

6 

5 

4 

3 

HEF4585B 

io Ao 

ii Bo 

7 Ai 

9 8i DA>B i3 

2 A2 

i 82 QA= 8 3 

i5 A3 

i4 83 DA< 8 i2 

4 IA> 8 

5 

6 

DA 

-
CPA 

08 

Ci'a 

De 

Ci'c 

Do 

Ci'o..n 

IA<8 

IA= 8 

7272885.2 

4-bit magnitude 
comparator. 

HEF4731B; V 

64-81T 

STATIC SHIFT 
063A 

REGISTER 

64-81T 
STATIC SHIFT 

0 638 

REGISTER 

64-81T 
053c 

STATIC SHIFT 
REGISTER 

64-BIT 
0530 

STATIC SHIFT 
REGISTER 

7274633.1 

ii 

8 

i 

2 

Quadruple 64-bit static shift register. 



HEF4737B; V 

MULTIPLEXER 

11 EO 

o, o, 
10 4 18 

Quadruple static decade counter. 

FUNCTIONAL 
DIAGRAMS 
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2l 

0 
n .... 
0 
C" 
~ 

co 
00 
0 

Oded 

lnba 

lea ts 

Ota 

Osp 

OROS 

OSRO 

22 

25 nba 

27 ca is 

30 

29 

21 

19 

lRFD lDAC 0DAV 

24 26 23 

RFD DAC 

DAV 

dcd 

SOURCE 
HANDSHAKE 

/ 
/ 

/ 
/ 

/ --------< 
' ' ' ' ' 

ta 
TALKER 

sp 

SPAS 

ton, MLA,MTA, 
It OTA,SPE, 

2 5 SPD 

SPAS 

ROS SERVICE REQUEST 

SRO 

iTFC 1ATN 

11 18 

IFC IFC 

ATN ATN 

2 2 

CP, CP, 
pon pon 

2 

~ 2 
CP, pon CP,pon 

2 2 2 

~ 

31 12 

CP lpon 

HEF4738V 

lOAV ORFD ODAC Odvd I rdy lsr bred Otct Otrg 

13 15 16 17 14 9 
HEF4738V 

10 34 35 

DAV ray 
RFD DAC dvd 

~ IDENTIFY SHIFT REGISTER ref!! j-+-J 
ACCEPTOR .~tE~.2£ :< N "' ... "' 1-+-----i " " " " I', HANDSHAKE CVD 

TIIlif 1 JA2 A~JA5 AVD 1---1 
' ' tct "9 ' )--------- 2 6 

/ 
/ 

/ CVD, 
MESSAGE DECODING 

/ AVD 
AND 

LISTENER ADDRESS COMPARISON 

L.UOU..J<Cu~oLU....JO-l<(<(<( 
a..a..OUUa..a...a..o...t-_1Zt-l-...J 
ti) tr.I VJ 0 Cl.. a... CL Q.. CL(!) .....l :::> 0 :E :JE 

MLA,MTA.UNL lon,lt ill Il ill I 3 2 

1 3 

l 1.'" 
5 2 

MLA,LLO, }rtl PPE,PPD,PPU, 
GTL ;., PPC,PCA 

0101 to 0104 4 

CP,pon DCL,SDC 

REMOTE/LOCAL PARALLEL POLL 

~ l DEVICE CLEAR 

loc P1 P2 P3 pp cl< 

REN 
28 132 4 1 1 6 15 33 

+ t t t t t t 
IREN Oloc llDY OP1 OP2 OP3 OPP Oclr 

I EC/IEEE bus interface. 

40 r-

20 r-

3 

2 

1 

39 

38 

37 

36 

7Z7H23 

voo 

vss 

10107 

10106 

10105 

IDI04 

!0103 

10102 

!0101 

o~ -z 
)>() 
G> -i 
::D -)>Q 
s:: z 
(f) )> 

r 



0 
(") ..... 
0 
0-
~ 

co 
00 
0 

Cl ... 

REFERENCE 

OSCILLATOR H 
& BUFFER 

t 

I 

osc XTAL 

22 21 

Fi 
crystal standard 

HEF4750V 

14 28 

Vss Voo 

71, 2, 10 
or 100 

PROGRAMr 
LOGIC 

NSo NS 1 Ao Ag 

23 24 26 

10 I 12 I 15 I 11 I 19 
11 13 16 18 20 

'- -,,-- j LJ 
programming inputs 

reference divider 

Frequency synthesizer. 

OL 14 

P-MOS 
PHASE 

COMPARATOR 

PC2 

~l"._12:~~~ 
N-MOS 
SWITCH 

PHASE COMPARATOR 
!SAMPLE & HOLD TYPO 

PC1 

TRA TCA TCC 

6 ;5 

'"± 'fi c,± c,± 
DD 

external circuitry . z 844 7 3 

"Tl oc -z 
)>() 
G') -i JJ_ 
)>Q 
s:: z 
(./) )> 

r 



FUNCTIONAL 
DIAGRAMS 

4 3 2 1 15 

SI 

HEF4751V 

11 10 9 8 7 6 5 13 12 
OD0 ----- ---- ---- ---- --- OD6 PC PE 

17 s, SUBTRACTOR c I~ ----
PROGRAMME DECODER 

- -----_t ii l+t-
PROGRAMME 

COUNTER 

20 IN 

21 6SY 

24 OFB3 

22 OFB1 

D 0 
CARRY FF 

I 
2 I 

r------ _J 

LATCH 
LATCH 

nrns 
1-------- -------

cob I-++ c1 
PRESCALER 

-Cl,2,5,10/11 l+-t- +nm 5/nm 5+1 

0 } __ 9 __ j __ ~_} l 
RS 

switches 

~ 
C2 

~10 

LATCH 

M 

C3 C4 
OFS 25 
~ 

ll 
l +M t----j--+-

d 4 '------r---.---,--.----' ~-,.----~OFF 2 7 

RS4 

11 
RS3 

ll 
RS2 

JJ 
RSl 

+ 
: LATCHJ 
J n4 

d 14 
-: LATCH] 

J n3 

d 1 4 

i LATCH I 
l "2 J 

4 

RSO l+-t-

LATCH LATCH 

"1 +ci, do+ "o 

RSH 

LATCH 

nh 

RI 26 
j--+-t--

7284471 

Universal divider. 
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HEF4753B 

PREDIVIDERS 

_12_ 

~9Pi:G?i 16:1 256:1 4096·1 

kl I MULi lt-'Ll:Xl:H 

EVENT 

Jg 
Vss 

]_ 
8-BIT 

118 

VDD 

1 

FUNCTIONAL 
DIAGRAMS 

w 16 

x 15 

~l """"~'""°' AND 
~ N I---+ FLIP- 1- PROGRAMMABLE 

EDGE-DETECTION FLOPS COUNTER 

~ 

~[ 
I J 

_f 

E MODE SWITCH 
OUTPUT MULTIPLEXER 

_!.!__ 
JouT A B c D E F G H 

110 1 2 3 4 5 6 7 8 
7Z83573 

Universal timer module. 

HEF4754V 

27 Vref max 

01 6 

02 7 

03 8 

04 9 

05 10 

05 11 

07 12 

LATCH 03 13 

26 Vref min AND Og 14 
DIVIDER 

010 
25 Ve CIRCUITRY 15 

VDD 
011 16 

r1, 012 17 

'' 013 'I 18 y Vose 
0 14 OSCILLATOR CP 19 

.l... 
015 T 20 

w 015 21 
Vss 

4 11 017 22 

3 12 MODE 018 23 

2 13 SE LE CT OR OR 24 

7Z85217 

18-element bargraph LCD driver. 
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FUNCTIONAL 
DIAGRAMS 

1 

AS 

TTO, TT 

RX, TR, 

START, 
CLK,R 
BUSY, 
DP, ERR 

} 
} 

HD 

l1 

2 

3 

3 

3 

2 
MLO, M 

DIDO 
to 
Dl07 

/l__ ~ 8 /1 
~ v 

D-' 

s __.. 

T-' 

CONTROL 

& 
STATUS 

REGISTER 

r: 
_f_ 

Ill START 

CODE 

GENERATOR 

1 

HEF4755V 

j l 
~ 

(1) (1) 

START 
BIT CHECK l+------1 CODE 

RECOGNITION 

t 
j_ l L f4-+ 

~ 
SHIFT 

REGISTER REDUNDANCY 

FOR BYTE 
FORMAT CALCULATOR 

PROTECTION & 
& CHECKER 

CHECKING 

1 1 

7284756 

(1) Only used in the asynchronous mode. 

Transceiver for serial data communication. 
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HEF40097B 

01 3 

3-state hex non-inverting 
buffer. 

HEF40160B 

4 

9 PE 

HEF40098B 

01 3 

15 E02 

7284403 

3-state hex inverting 
buffer. 

-+-----<l PARALLEL LOAD CIRCUITRY 

10 CET 

D 

DECADE COUNTER 

14 13 12 11 

4-bit synchronous decade counter 
with asynchronous reset. 

7Z75109.2 

FUNCTIONAL 
DIAGRAMS 

HEF40106B 

Hex Schmitt trigger. 

65 



FUNCTIONAL 
DIAGRAMS 

HEF40161B 

9 PE 
--+-----<>PARALLEL LOAD CIRCUITRY 

INH D 

BINARY COUNTER 

14 13 12 11 

4-bit synchronous binary counter 
with asynchronous reset. 

HEF40162B 

4 

_9_,__PE ____ --ui PARALLEL LOAD CIRCUITRY 

1 SR 
10 CET 

D 
INH 

DECADE COUNTER 

14 13 12 11 

4-bit synchronous decade counter 
with synchronous reset. 

HEF40163B 

3 4 6 

~9-1-'-PE~----Cll PARALLEL LOAD CIRCUITRY 

1 SR 
10 CET 

D 

BINARY COUNTER 

14 13 12 11 

4-bit synchronous binary counter 
with synchronous reset. 
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4 CPo 

3 4 

Do D1 

D 0 

CP ~F FF 
2 

Co 

9 CP 

1 MR 

7273706.2 

4 

9 CP 

1 MR 

7Z73708.2 

Oo 

2 

CP ~F 

5 
CD 

3 2 

HEF40192B 

UP/DOWN 

COUNTER Tco 13 

7Z69546.3 

4-bit up/down decade counter. 

D1 

HEF40174B 

6 11 13 

D2 D3 D4 

FF FF 
3 4 

01 02 03 

5 10 

Hex D-type flip-flop. 

FF 
2 

HEF40175B 

12 

6 

FF 
3 

11 10 

FF 
5 

13 

Quadruple D-type flip-flop. 

4 CPD 

14 MR 

FUNCTIONAL 
DIAGRAMS 

14 

D5 

FF 
6 

04 05 

FF 
4 

12 15 

14 15 

HEF40193B 

UP/DOWN 

COUNTER 

3 2 6 7 

Tco 13 

7Z69546.3 

4-bit up/down binary counter. 
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FUNCTIONAL 
DIAGRAMS 

HEF40194B 

10 51 
CONTROL LOGIC 

13 

9 i'E 

2 J 

3 i< 

10 CP 

1 MR 

HEF402408 2 1A1 

4 1A2 

6 1A3 

8 1A4 

1 EOA 

11 101 

13 102 

15 183 

17 184 

19 E1'is 

12 

4-bit bidirectional universal shift register. 

4 5 6 

HEF40195B 

PARALLEL ENABLE CIRCUITRY 

D1 D2 D3 

SHIFT REGISTER 4-BITS 

4-bit universal 

Oo o, 02 03 03 shift register. 

15 14 13 12 11 
7Z69626.3 

OA1 18 HEF40244B 
2~~~- 18 

OA2 16 4 1A2 OA2 16 

OA3 14 6 1A3 OA3 14 

OA4 12 8 1A4 OA4 12 

1 EOA 

091 9 11 1B1 091 9 

092 7 13 102 032 7 

003 5 15 183 093 5 

Os4 3 17 1B4 094 

19 E09 

7286699 7283579.1 

Octal buffers with 3-state outputs. Octal buffers with 3-state outputs. 
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HEF40245B 

19 EO 

1 DR 

5 A3 B3 15 

e A4 B4 14 

7 As B5 13 

8 A5 B5 12 

9 A7 87 11 

7Z83581 

Octal bus transceiver with 
3-state outputs. 

4 Dl 

7 D2 

8 D3 

11 D4 

14 Ds 

17 De 

18 D7 

1 EO 

HEF40373B 

LATCH 
1 to 8 

FUNCTIONAL 
DIAGRAMS 

Do 2 

01 5 

02 e 

03 9 
3-STATE 

04 OUTPUTS 12 

05 15 

De 1e 

07 19 

7Z83575 

Octal transparent latch with 3-state outputs. 

HEF40374B 

3 Do Do 2 

4 D1 01 5 

7-. D2 02 e 

_8 D3 .03 9 
FF 1 3-STATE 

13 D4 to OUTPUTS 04 12 

14 Ds FF8 
05 15 

17 D5 05 16 

18 D7 07 19 

11 CP 

1 EO 

7283577 

Octal 0-type flip-flop with 3-state outputs. 
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PIN DESIGNATIONS 





HEF4000B 

7273672 

HEF4001UB 

7283059 

HEF4006B 

n.c. CP De Da Do Vss 

7273674 

HEF4008B 

B, A, Bo Ao Vss 

7273678-1 

HEF4011UB 

7283058 

HEF4013B 

0 1 01 CP1 C01 0 1 5 0 1 Yss 

7269481 

HEF4001B 

PIN 
DESIGNATIONS 

! 1 12 0 1 0 2 13 !4 Yss 

7Z69477 

HEF4002B 

7Z69478 

HEF4007UB 

?Z73676 

HEF4011B 

7269479 

HEF4012B 

7Z69480 

HEF4014B 

P7 Os 07 P3 P2 P1 Po Vss 

7269482 
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PIN 
DESIGNATIONS 

HEF4015B 

HEF40178 

HEF40198 

HEF4021B 

HEF4023B 

HEF4025B 

74 Octobec 1980 I 

7269483 

7Z694BS 

/Z6948/ 1 

7 z 69489 

7269491 

7269493 

HEF4016B 

7269484 

V00 MR 

HEF401BB 

D P0 P1 01 0 0 02 P2 Vss 

7269486 

07 Os MR CP 

HEF4020B 

011 012 On Os 04 05 03 Vss 

7269488 

HEF4022B 

7Z69490 

HEF4024B 

CP MR 0 6 0 5 0 4 0 3 Vss 

7269492 

7269494 



HEF4028B 

04 02 Oo 07 Og Os 05 Vss 

7Z69495 

HEF4030B 

1, 0 1 0 2 13 14 Vss 

7Z69496 

HEF4035B 

0 0 T/C K J MR CP PE Vss 

7Z69498 

HEF4041B 

7Z73684.1 

7Z73686.2 

HEF4029B 

PL 03 P3 Po CE 

HEF4031B 

PIN 
DESIGNATIONS 

o, UP/ BIN/ 
ON DEC 

Do fC 

7Z73682.1 

CP n.c. n.c. n.c. 053 053 Vss 

7Z69497.1 

HEF4040B 

7Z69499 

HEF4042B 

03 Oo 5a Do Ea E, D1 Vss 

7Z69500 

7Z73688.2 

75 



PIN 
DESIGNATIONS 

HEF4049B 

V00 0 1 11 02 12 0 3 13 V55 

7Z69501 

HEF4051B 

Y4 Y6 Z Y7 Y5 E Vee V55 

7Z69503 

HEF4053B 

7Z69505 

HEF4060B 

HEF4050B 

Voo 
OSCILLATOR 
OUTPUT 

RETRIGGER 

V00 01 11 0 2 12 0 3 13 V55 

7269502 

HEF4052B 

Yas Y2s Zs Y3s Y19 E Vee Vss 

7Z69504 

HEF4059B 

7Z84353 

HEF4066B 

Ya Z0 Z1 Y1 E, E2 Vss 

7Z69712 



HEF4067B 

z Y7 Ys Ys Y4 Y3 Y2 v, Yo 

7Z73693.1 

7273695 

HEF4071B 

I 1 I 2 0 1 0 2 I 3 Ii.. Vss 

7Z69507 

HEF4073B 

7Z73697 

HEF4076B 

7Z72868.2 

HEF4078B 

7Z69509.1 

PIN 
DESIGNATIONS 

HEF4068B 

7Z69506 

HEF4070B 

7Z73473 

HEF4072B 

7Z69508 

HEF40758 

14 Is I1 I2 !3 o, Vss 

A4 

HEF4077B 

7Z73699 

A, B1 o, 02 A2 Bz Vss 

7273901.1 

HEF4081B 

I 1 I 2 0 1 0 2 I 3 Ii.. V55 

7269510 



PIN l 
DESIGNATIONS --------------------

HEF4082B HEF4085B 

7269511 7Z74258.1 

H-Ef 40938 

7Z73701.1 7Z73703 

Voo EO 04 05 05 07 O' s o, 13 12 02 

HEf 40948 HEF4104B 

STR D CP Oo o, 02. 03 V55 Vooo 0o lo o, 
1 

7Z74613.1 7Z73709.1 

HEF4502B 
HEF4505B 

7Z75366.2 

7Z 74627 

HEF4508B HEF4510B 

CE Oo TC Vss 

7Z74604.2 
7273713 

7273716.1 7Z72871.1 

78 



HEF4514B 

EL Ao A1 07 05 Os 04 03 O, 0 2 0 0 Vss 

7269512.1 

HEF4515B 

7Z69513. 2 

HEF451BB 

CPaA CP1A OaA o,A 02A 03A MRA Vss 83 A2 B2 

7Z69514 

VDD D;!3 D22 

HEF4520B 

CPaA CP1AOOA 01A 02A 03A MRA Vss 

7Z69516 

VDD 02 

HEF4522B 

PL PL 

1114611 

HEF4527B 

7Z84383 

PIN 
DESIGNATIONS 

7273714 

HEF4517B 

03 

HEF4519B 

Ai 81 Ao Ba Vss 

7Z69515.1 

021 020 019 018 11 

HEF4521 B 

7274563 

TC P1 MR 01 

HEF4526B 

7Z74610 

7Z84349 
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PIN 
DESIGNATIONS 

Voo 17 lg lg 110 

HEF4531B 

15 12 

111 112 0 

7<"74618 

l-IEF4534B 

80 

Cext1 MR OER CPA 

HEF4539B 

EA S1 I3A I2A I1A 

HEF4543B 

Aas A,s 

HEF4556B 

EA AoA A1A OoA o,A 

Ootobe< 1980 I 

Ios 

IaA OA Vss 

7269517 

72"12881.1 

7269519 

7272886 

7Z74602.1 

Voo Eout 12 

HEF4532B 

17 Ejn 02 

7Z75365.1 

7ZB2335.1 

Voo A1 n.c. MODE 

HEF4541B 

RS n.c. AR MR Vss 

7Z83067.1 

HEF4555B 

EA AaA A,A OaA o,A 02A 03A Vss 

7Z69518 

7 z 72876.1 

w 0 0 D A1 As As 

HEF4720B 
HEF4720V 

Ao A, A2 A3 A4 Vss 

7Z74260.2 



CL E D 07 05 Os 04 

HEF4724B 

7Z73720 

Sc SA CP MR PL EO Voo 

HEF4 7378 
HEF4737V 

7Z69203.2 

10106 

10107 

OPP 

OP3 

lsr 

Ored 

llFC 

lpon 

IOAV 

lrdy 

ORFO 

OOAC 

Odvd 

IATN 

OSRQ 

vss 

voo 

10104 

10103 

IDI02 

10101 

Otrg 

Otct 

Oclr 

Oloc 

CP 

HEF4738V 
Ota 

Osp 

fRffi 

I cats 

IDAC 

lnba 

IRFO 

ODi\V 

Oded 

ORQS 

PIN 
DESIGNATIONS 

I i4G3 1 

81 



PIN 
DESIGNATIONS 

v vDD 

STB MOD 
HEF4751V 

TCB OUT OD 1 PE 

OL R 

TCA NS1 

TRA NSo 

TCC osc 
HEF4750V 

PC1 XTAL 

PC2 Ag 

Ao Ag VDo CP w x IN LFC y z 

Al A7 
HEF47538 

A2 A5 
A 8 c D G H 

A3 A5 7Z83563 

Vss A4 

7Z84472 

OBC1 vDD Vose vDD TST VDD 

DBM2 OBC2 13 Vref max MLO TTO 

OBM1 VAY 12 Vref min ML1 TT1 

11 Ve DIOO CLK 

CW L Vss OR DI01 ERR 

OCT RSYN o, 018 Dl02 DP 

K HEF4 752V OYM1 02 017 Dl03 Ml 

HEF4754V HEF4755V 
ORM1 OYM2 03 015 DI04 MO 

ORM2 OYC1 04 0 15 DI05 MOS 

ORC1 OYC2 05 0 14 DI06 HD 

ORC2 CSP 05 013 Dl07 BUSY 

FCT VCT 07 0 12 RX START 

A c Og 0 11 TX R 

Vss 8 Og 010 Vss AS 

7Z75992 
7Z84751 
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7Z69520.2 

HEF401068 

7? 74609 

7Z74566 

7274572 

HEF401758 

7273707 

HEF40193B 

P1 0 1 0 0 CPo CPu 02 03 Vss 

7269523.1 

PIN 
DESIGNATIONS 

HEF 400988 

7Z69521 7 

7Z7<i112. T 

HEF401748 

7Z73705 

HEF40192B 

P1 01 Oa CPo CPu 02 03 Vss 

7Z69522.1 

HEF401948 

7Z74253 
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PIN 
DESIGNATIONS 

1A1 

HEF40240B 

Vss 

7Z86700 

MR 

VDD 

EDB 

0A1 

184 

OA2 

1B3 

OA3 

102 

OA4 

101 

VDD 

07 

D1 

De 

Oe 
HEF40373B 

05 

D5 

D4 

04 

V55 

7Z83574 

84 May 1983 ~ 
- ' - - --

14 

Oo o, 

J R 

1A1 

Vss 

02 03 CP PE 

HEF40195B 

Po P, P2 P3 Vss 

7Z69B27 

VDD VDD 

E08 E6 

OA1 Bo 

1B4 B1 

OA2 B2 
HEF40244B HEF40245B 

1B3 83 

OA3 84 

102 A5 85 

OA4 85 

101 V55 87 

7283578.1 7Z83580 

VDD 

07 

D1 

De 

Oe 
HEF40374B 

05 

D5 

D3 D4 

04 

V55 CP 

7Z83576 
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INTRODUCTION 

INTRODUCTION TO THE HE40008 FAMILY DA TA SHEETS 

The LOCMOS HE4000B range is a fully buffered digital integratP.rl circuit family which meets the 
Jedec-B specification. The members of this family are pin-compatible 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: 

• low 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 MSl/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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INTRODUCTION 

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. 

A 0-----.-~1--+-+----<..------aVoo 

Fig. 1 Two-input NOR gate with fully buffered 
output; a typical LOCMOS circuit. 
In an unbuffered device the output would be 
taken from the point marked*. 

4 

0,2 0,4 0,6 0,8 1,0 
time ( µsl 

(a) 

15 

output 

Vo 
(V) 

10 

5 

7Z73740, 1 

unbuffered 
C·MOS 

tu 11 y buffered 
LO CMOS 

0 '----'-"'---+-3oo..._J'---=::;:..--~---' 

logic 
level 
IV) 

4 

0 5 10 15 
input v1 (V) 

Fig. 2 Typical transfer characteristic 
showing improvement in buffered 
LOCMOS device as compared with 
unbuffered C-MOS device. 

0,2 0,4 0,6 0,8 1,0 
time lµs) 

(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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Introduction to the HE4000B family data sheets INTRODUCTION 

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 LO CMOS 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 LSI complexity, and perform logic functions that have been 
available in TTL for !"nay years. Therefore, it :s both helptu; and practicctl Lu curnpare 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 LO CMOS LO CMOS 

5V 10 v 15 v 

propagation delay 
I 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 10mW 2 rnW 10 nW 10 nW 10 nW 

noise immunity 1 v 0,8 v 2,25 v 4,5 v 6,75 v 
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 Vis 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. 

I 
I 
I 
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Power consumption 

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

Pgate 

(mW) 

10 
2 

10- 4 .._..~'--~'--~'--~'--~'--~'----' 
102 103 104 105 106 107 108 109 

f i (Hz) 

Fig. 4 Typical power dissipation per 
gate as a function of input frequency 
for several logic families. 

1 Schottky TTL 
2 Standard TTL 
3 Low-power Schottky 
4 LOCMOS (Voo = 15 V) 
5 LOCMOS (Voo = 10 V) 
6 LOCMOS (Voo = 5 V) 



Introduction to the HE4000B family data sheets INTRODUCTION 

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. 1,5 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. 

drain 
current 

(lol 

7Z83561 

VT Voo-VT 

1/2Voo Voo 

input voltage (VI ) 

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

This drain current reaches a maximum at Y2 Voo and the peak value depends on the geometrics of the 
transistors used. This current is proportional to Vo on, 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. 

5 7Z73750 

>- Tamb =25°C C-MOS 
E V00 :5V cu 
'O 

'O 
cu 
N 

Ci LOCMOS 
E 
0 3 --·--~ c: 

1 ~--~-~~~--''--~~~~~--' 
0 100 200 

Capacitive loading effect 

Fig. 6 Normalized propagation delay as a function 
of load capacitance for TTL, C-MOS and LOCMOS. 

Historically, semiconductor manufacturers have always specified the propagation delay at an output 
load of 15 p F, 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 n is little 
affected by an increase in capacitive loading. LOCMOS, however, with an output impedance of typi
cally 250 n (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. 
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tPHL 
tPLH 
(ns) 

t·rnL 
tTLH 
(ns) 

7Z73736.1 
200 ..----.---....-----....... 

0 '----'---~----'---' 
0 100 200 

CL (pF) 

7Z73751.1 

100 200 
CL(pF) 

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

Fig. 8 Output transition times as functions 
of load capacitance. 

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). 

tPHL 
150 

tPLH 
(ns) 100 

50 

0 
0 

CL= 
200pF 

100pF 

50pF 

20pF 

5 

7Z73734.1 

10 15 
Voo!Vl 

Fig. 9 Propagation delays (symmetrical) 
as functions of power supply voltage for 
the HEF4011 B. 
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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 

1PHL 
v 00 =1ov 

1PLH 40 

( ns) 
30 

20 

10 -20pF-· ----

0 
-75 -50 -25 0 25 50 75 100 125 

Tarnb (°C) 

Fig. 10 Propagation delays as functions of ambient temperature, with VD D = 10 V for HE F4011 B. 

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 Vin a 5 V system, 4,5 Vin a 10 V system and 6,75 Vin a 15 V system. 
Compare this with the TTL transfer curve in Fig. 11 and its resultant 1 V noise immunity in a lightly 
loaded system and only 0,4 V worst case. Fig. 12 shows the transfer characteristic between -55 and 
+125 °c. 

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 Yoo drops and noise on these supply lines of more than 1 V, 
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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6 

Vo 
(V) 

3 

0 

1~400TTL 

' 
0 2 

7Z73743 

I o 
Tamb= 25 C 
v00 = 5 V 

LOCMOS 

4 

Fig. 11 Typical transfer characteristic 
for TTL and LOCMOS. 

LOCMOS/TTL (normalized to TTL) 

Voo 5V 15 v 

factor 0,5 2 

6 

15 

Vo 
(V) 

10 

5 

0 
0 

I 
v00=15V 

V00=10V 

Voo=5V 

I~ V1 

7273747 

17+125°C 
.l .l 

~ p-r55oc1 
~ .l .l 

5 10 15 

Fig. 12 Voltage transfer characteristic 
over -55 to + 125 oc range. 

LOCMOS/LS-TTL (normalized to LS-TTL) 

Voo 5V 10V 15 v 
factor 3 5 

From the tables can be seen that LOCMOS operating at Voo = 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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INTRODUCTION 

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 n, and two diodes, one to VDD' and the other to Vss (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 n under all biasing conditions, even when VDD is short-circuited to Vss- A parasitic 
substrate diode would represent a poorly defined shunt to Vss 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. 

input 
400fi 

nominal 

Vss 

01 

to logic 
transistors 

7273746 

Fig. 13 Standard HE tam ily LO CMOS 
input protection circuit. 

input 6 to logic 

D1 

Vss 
7Z83562 

Fig. 14 The input protection for the 
HEF4049B and HEF4050B. 

Figure 14 shows the input protection for the types HE F4049B and HE F4050B. Diode D 1 is the 
inherent drain to Vss diode of the protection device. Under operational conditions, this input may 
exceed the supply voltage VDD· 

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 11and12) 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 µF per 10 devices is sufficient. However, some circuits require special attention: 
1. HEF4511 B: BCD to 7-segment latch/decoder/driver; an electrolytic capacitor of 3 µF should be 

added to each device to avoid excessive voltage spikes due to high di/dt. 
2. HEF4528B: 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 recornmmended. 
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3-state outputs 

1--t:?-o 
EO ___J 7Z83559 

Fig. 15 Logic symbol of a 
3-state output. 

Function table 

inputs 

I I EO 
I 

P4 

output 

0 

z 
L 
H 

INTRODUCTION 

H =HIGH state (the more positive 
voltage) 

L = LOW state (the less positive 
voltage\ 

X = state is immaterial 
Z =high impedance OFF-state 

P5 

N4 }a 
N5 

7Z83560 

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 OFF-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 Voo power supply range of 
3 to 15 V, as referenced to Vss (usually ground). Parametric limits are guaranteed for Voo 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 Voo, Vss 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 (I EC 134) 

Supply voltage Voo 

Voltage on any input 

D.C. current into any input or output 

Power dissipation per package (for plastic and ceramic DI L) 
for T amb = -40 to + 70 oc 

for T amb = + 70 to + 85 oc 

Power dissipation per package (for plastic SO mini-pack) 
for T amb = --40 to + 70 oc 

for Tamb = + 70 to + 85 oc 

Power dissipation per output 

Storage temperature 

Operating ambient temperature 

Ptot 

p 

Tstg 

Tamb 

-0,5to+18 V 

-0,5tov 00 +o,5 v 
max. 10 mA 

max. 500mW 

derate linearly with 
8 mW/K 

max. 400mW 

derate I inearly with 
6 mW/K 

max. 100 mW 

-65 to + 150 oc 

-40 to +85 °c 

( M"l 198<l 

-------

101 
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D.C. CHARACTERISTICS Vss = 0 V; for all devices unless otherwise specified 

Tamb (OC) 

parameter Voo symbol 
v -40 + 25 

min. max. min. max. 

Quiescent device current 
5 - 1,0 - 1,0 

gates 10 loo - 2,0 - 2,0 
15 - 4,0 - 4,0 

5 - 4,0 - 4,0 
buffers, flip-flops 10 loo - 8,0 - 8,0 

·15 - 16,0 - 16,0 

5 - 20 - 20 
MSI 10 loo - 40 - 40 

15 - 80 - 80 

5 - 50 - 50 
LSI 10 loo - 100 - 100 

15 - 200 - 200 

5 - 0,05 - 0,05 
Output voltage LOW 10 Vol - 0,05 - 0,05 

15 - 0,05 - 0,05 

5 4,95 - 4,95 -
Output voltage HIGH 10 VoH 9,95 - 9,95 -

15 14,95 - 14,95 -

5 - 1,5 - 1,5 
Input voltage LOW 10 V1L - 3,0 - 3,0 

(buffered stages only) 15 - 4,0 - 4,0 

5 3,5 - 3,5 -
Input voltage HIGH 10 V1H 7,0 - 7,0 -

(buffered stages only) 15 11,0 - 11,0 -

+85 

min. max. 

- 7,5 
- 15,0 
- 30,0 

- 30 
- 60 
- 120 

- 150 
- 300 
- 600 

- 375 
- 750 
- 1500 

- 0,05 
- 0,05 
- 0,05 

4,95 -
9,95 -

14,95 -

- 1,5 
- 3,0 
- 4,0 

3,5 -
7,0 -

11,0 -

unit 

µA 
µA 
µA 

µA 
µA 
µA 

µA 
µA 
µA 

µA 
µA 
µA 

v 
v 
v 

v 
v 
v 

v 
v 
v 

v 
v 
v 

conditions 

all valid input combinations; 
V1 = Vss or Voo 

} Vi= Vss or Voo; 110I<1 µA 

) Vi= Vss or Voo; l'o I< 1 µA 

Vo=0,5Vor 4,5V I 
v 0 =1,ovor 9,0V fl'ol <1µA 
Vo=1,5Vor13,5V 

v 0 = 0,5 V or 4,5 V I 
v 0 = 1,0 v or 9,0 v JI lo I< 1 µA 
Vo= 1,5 V or 13,5 V 

en 
""C m 
(") "Tl 
"Tl )> 
-~ (")_ 
l>r 
-i -< 
0 z 
(J) 



D.C. CHARACTERISTICS (continued) Vss = 0 V; for all devices unless otherwise specified 

Tamb (OC) j --1 
Voo . . . 

parameter V symbol __ 40 _+ 25 . + 85 unit cond1t1ons 

min. max. min. max. min. max. 1 

Input voltage LOW 5 - 1 - 1 - 1 V Vo= 0,5 V or 4,5 V \ I 
(unbufferedstages 10 V1L - 2 - 2 - 2 V Vo=1,0Vor 9,0V l!loi<1µA i' 

only) 15 - 2,5 - 2,5 - 2,5 V Vo=1,5Vor13,5V 

Input voltage HIGH 5 4 - 4 - 4 - V Vo= 0,5 V or 4,5 V \ I 

(unbufferedstages 10 V1H 8 - 8 - 8 - V Vo=1,0Vor 9,0V l!loi<1µA 1 
only) 15 12,5 - 12,5 - 12,5 - V Vo= 1,5 V or 13,5 V ' 

Output (sink) 5 0,52 - 0,44 - 0,36 - mA Vo= 0,4 V; V 1 = 0 or 5 V 1

1 current LOW 10 loL 1,3 - 1,1 - 0,9 - mA Vo= 0,5V;V 1=0or10V 
15 3,6 - 3,0 - 2,4 - mA Vo= 1,5V;V1=0or15V I 

Output (source) I 5 0,52 - 0,44 - 0,36 - mA Vo= 4,6 V; VI= 0 or 5 V I 
current HIGH 10 -loH 1,3 - 1,1 - 0,9 - mA Vo= 9,5 V; v 1=0 or 10 V 

15 3,6 - 3,0 - 2,4 - mA Vo=13,5V;V 1=0or15V i 
Output (source) I 

currentHIGH 5 -loH 1,7 - 1,4 - 1,1 - mA Vo= 2,5V;V 1=0or 5V I 

lnputleakagecurrent 15 ±l1N - 0,3 - 0,3 - 1,0 µA V1=0or15V 

3-state output 
leakage current; HIGH 15 lozH - 1,6 - 1;6 - 12,0 µA output returned to Voo 

3-state output 
leakage current; LOW 15 -lozL - 1,6 - 1,6 - 12,0 µA output returned to Vss 
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N-channel drain characteristics (sink) 
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A.C. CHARACTERISTICS 

Clock input rise and fall times (tr, tf) 

The upper limits on tr 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 
15 µs for Voo = 5 V; 4 µs for Voo = 10 V; 1 µs for Voo = 15 v. 

Output transition times (tTLH• tTH L) 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times.,;;; 20 ns 

Voo symbol min. v 

Output transition 
times 5 

HIGH to LOW 10 tTHL 
15 

5 
LOW to HIGH 10 tTLH 

15 

Temperature coefficient (typical values) 

Propagation delays +0,35%/0C 
Output transition times +0,35%/0C 

Input capacitance (digital inputs) 

Maximum input capacitance C1 = 7,5 pF. 

typ. max. 

60 120 ns 
30 60 ns 
20 40 ns 

60 120 ns 
30 60 ns 
20 40 ns 

typical extrapolation 
formula 

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

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

tr - -
90% 

50% 

10% 

_tf_ 

- twcPH---- -- twcPL -
1----- thold ----1~1 

50% 

tsu -

10% 

Voo 

'----+----------- Vss 
- tsu - -

lr----------+----.j--+-------- VoH 
90% 

50% 

-------- Vol 
- tPLH -l tR 

Voo 

~50_% ________________________ _ 

-

7Z75375 

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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FAMILY 
SPECIFICATIONS 

Propagation delays of 3-·state outputs. 

-- -2ons 

OUTPUT 
ENABLE 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7Z75376.1 

50% 

Test circuit of 3-state output I Cs. 
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3-state 
outputs rCL=50pF 
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FAMILY 
SPECIFICATIONS 

DEFINITION OF SYMBOLS AND TERMS USED IN DATA SHEETS 

Currents 

Positive current is defined as conventional current flow into a device. Negative current 1s defined as 
conventional current flow out of a device. 

loo 

'oz 

'ooH 

lz 

Voltages 

Input current; the current flowing into a device at specified input voltage and Voo· 
Output current HIGH; the drive current flowing out of the device at specified HIGH output 
voltage and V DD· 
Output current LOW; the drive current flowing into a device at specified LOW output voltage 
and VDD· 
Quiescent power supply current; the current flowing into the V DD lead at specified input 
and VDD conditions. 
Output 0 FF 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 VDD or Vss· 
Input current LOW; the current flowing into a device at a specified LOW level input voltage 
and a specified VDD· 
Input current HIGH;thecurrentflowing into a device at a specified HIGH level input voltage 
and a specified VoD· 
Quiescent power supply current LOW; the current flowing into the VDD leild with a specified 
LOW level input voltage on all inputs and specified VDD conditions. 
Quiescent power supply current HIGH; the current flowing into the Voo lead with a specified 
HIGH level input voltage on all inputs and specified VDD conditions. 
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 VDD· 

All voltages are referenced to V55, which is thG m0st negative potential applied to the device. 

Voo Supply voltage; the most positive riotential on the device. 
Vss Supply voltage; for a device with a single negative power supply, the rnost negative power 

supply, used as the refernnce level for other voltages; typically ground. 
VEE Supply voltage; one of two (Vss and VEE) negative power supplies. For a device with dual 

negative power supply, the most negative power supply as a reference level for other voltages. 
V1H Input voltage HIGH; the range of input voltages that represents a logic HIGH level in the 

system. 
V1 L Input voltage LOW; the range of input voltages that represents a logic LOW level in the 

system. 
Vo H 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 VDD· 

~RON ~ON resistance; the difference in effective ON resistance between any two transmission 
gates of an analogue device at specified input voltage, output load and VoD· 

( M,y 1983 109 
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SPECIFICATIONS 

110 

A.C. switching parameters 

ti 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

fo 
fmax 

tw 

tpzH 

tpzL 

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% Voo to 90% Voo 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 recognized 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 Vo H drop on the output voltage waveform of a 3-state device, with the output 
changing from the output HIGH level (VoH) to a high impedance OFF-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
ing a 0, 1 (V oo-Vo L) rise on the output voltage waveform of a 3-state device, with the 
output changing from the output LOW level (Vol) to a high impedance OFF-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 VoH voltage rise on the output voltage waveform of a 3-state device, with the output 
changing from a high impedance OFF-state to the output HIGH level (VoH). 
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 (V oo-Vo L) voltage drop on the output voltage waveform of a 3-state device, with 
the output changing from a high impedance OFF-state to the output LOW level (Vol). 
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 
gates 

DUAL 3-INPUT NOR GA TE AND INVERTER 

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. 

01 6 

02 10 
HEF4000B 

7Z73672 

Fig. 2 Pinning diagram. 

m3sn HEF4000BP: 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4000BD: 14-lead OIL; ceramic (cerdip) (SOT-73). 

Fig. 1 Functional diagram. HEF4000BT: 14-lead mini-pack; plastic 

17 -----[>o----- 03 
7Z74501 

Fig. 3 Logic diagram. 

S Products approved to CECC 90 104-001. 

(S0-14; SOT-1 OBA). 

FAMILY DATA 

loo LIMITS category GATES 
} 

see Family 
Specifications 
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HEF40008 
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 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times.;;; 20 ns 
- -

Voo symbol typ. max. 
typical extrapolation 

v formula 

Propagation delays 5 
1 

70 140 43 ns + (0,55 ns/pF) CL I ns 
11 to1a- 01,02 10 tpHL;tPLH 35 70 ns 24 ns + (0,23 ns/pF) CL 

15 30 55 ns 22 ns + (0,16 ns/pF) CL 

5 45 90 ns 18 ns + (0,55 ns/pF) CL 

17-03 10 tpHL; tpLH 25 50 ns 14 ns + (0,23 ns/pF) CL 
(unbuffered output) 15 20 40 ns 12 ns+ (0,16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 1 ooo fi + ~(f0CLl x v002 CL= load capacitance (pF) 
dissipation per 10 7100 fi + ~(f0CLl x v0 0 2 ~(f0CLl =sum of outputs 
package (P) 15 28100 fi + ~(f0CLl x v0 0 2 Voo =supply voltage (V) 



Dual 3-input NOR gate and inverter HEF40008 
gates 

APPLICATION INFORMATION 

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

7 Z84251.1 

501--~--1-+---.-i--+--+--+--+-+--t-+-+-t 

t--1·-t-·+--t--t.-+-·1--1--<·-+-+-i--+--+--I 

typ 

t--t--· --+-+·-+--+-\J'k-~-1-+-+-+--+---+-+--l 

25 ~ 
.......,--+--+-- t-+-t-t-+-·t~--""'M--t--t-+-t 
~ -1---1 "'j-..J r-r--t-+-t---+-·l--l>--1---+-+--+--+--+--+---+--+--1 

--++--1 -+--t--1f-+-t---+--+--+--+-+-t---l 

1--- -- ---I -·- f--1 -------+--;--+-+--~-1--_,---+-+·-1 

t-+-+--t--t--+-- j- t--t-- - ..... -+----+-+-~ 

o.__ ......... __...__.._...~~~~~~~~~ 
0 5 10 Voo (VJ 15 

Fig. 4 Voltage gain (Vo!V1l as a function of 
supply voltage. 

330kn 

17~03 
7Z84357 

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. 

20 
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(mA) 
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10 
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0 
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vi 
~ 
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5 

7Z84257.1 

I 

1 

V-
.1 
L 

typ 
-

;;--
.1 v 

-) 
L 

--t--1 

10 Voo (V) 15 

Fig. 5 Supply current as a function of 
supply voltage. 
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HEF40008 
gates 

11 

R bias= 560 kn 

0.47 µF input 
~.._.....--n-_ 

vi "' 
(f=1kHz) 

0 

output 

Fig. 7 Test set-up for measuring forward transconductance gfs = di0 /dvi at v0 is constant (see also 
graph Fig. 8). 

7Z84364 

~-·-4--+-+-+-1-t-+-+--+-+-+--l--+......j 

1--· ... +- -+-+--+-+-1-t-+-+--+-+-+-I 
101-+-·- ··-+--+-+-+-l-+-+-+-+-+-1--1 

7,5 

I7 v 
2'5 1-1---1--1--11-+::_f:f:~A:f71~V=:~=:~=:-_:~ 

ft_rz_ 

0......_.'-L__.__._....__,_ .......... ___.___.__.__._......_L.....J 
0 5 10 Voo (V) 15 

Fig. 8 Typical forward transconductance gfs as 
a function of the supply voltage at T amb = 25 °c. 

116 <Jcto"" 1980 J 

Curves in Fig. 8: 

A: average 
B : average + 2 s, 
C: average -2 s, in where: 

's' is the observed standard 
deviation. 



HEF4001B 
gates 

QUADRUPLE 2-INPUT NOR GA TE 

The HEF4001 B provides the positive quadruple 2-input NOR function. The outputs are fully buffered 
for highest noise immunity and pattern insensitivity of output impedance. 

01 3 

7Z69554 

Fig. 1 Functional diagram. 

7Z75424.2 

Fig. 3 Logic diagram (one gate). 

FAMILY DATA 

HEF4001B 

7Z69477 

Fig. 2 Pinning diagram. 

HEF4001BP: 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4001BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HEF4001 BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

see Family Specifications 
loo LIMITS category GATES 

G Products approved to CECC 90 104002. I ( M•y1983 117 



HEF4001B 
gates 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times~ 20 ns 

Voo symbol typ max 
typical extrapolation 

v formula 

Propagation delays 
In -on 5 60 120 ns 33 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 25 50 ns 14 ns + (0,23 ns/pF) CL 
15 20 40 ns 12 ns+ (0,16 ns/pF) CL 

5 50 100 ns 23 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 25 45 ns 14 ns + (0,23 ns/pF) CL 

15 20 35 ns 12 ns + (0, 16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 

i 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

l 5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f 0 =output freq. (MHz) 

Dynamic power 5 1100 fi + L(foCL) x Voo 2 CL= load capacitance (pF) 
dissipation per 10 5000 fi + L(foCL) x Voo 2 L(f0 CL) =sum of outputs 
package (P) 15 14200 fi + L(foCL) x Voo 2 Voo =supply voltage (V) 
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HEF4001UB 
gates 

QUADRUPLE 2-INPUT NOR GATE 

The HEF4001 UB 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. 

01 3 

01,. 11 

7Z69554 

Fig. 1 Functional diagram. 

HEF4001 UB 

7Z83059 

Fig. 2 Pinning diagram. 

HEF4001UBP:14-lead OIL; plastic (SOT-27K, M, T). 
HEF4001UBD: 14-lead DIL;ceramic(cerdipl (SOT-73). 
HEF4001 UBT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

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

FAMILY DATA 
see Family Specifications for V1HIV1L unbuffered stages ..., 

loo LIMITS category GATES 

~ Products 1;ppr0ved to CECC 90 104-003. 1W 



HEF4001UB 
gates 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times< 20 ns 
r---· 

~~ical extrapolation Voo symbol typ. max. 
v 1 formula 

··----1---
I 

Propagation delays 
I 

In - On 5 65 130 ns 30 ns + (0,70 ns/pF) CL 
HIGH to LOW 10 tPHL 30 60 ns 17 ns + (0,27 ns/pF) CL 

15 25 50 ns 15 ns + (0,20 ns/pF) CL 

5 40 80 ns 13 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 20 40 ns 9 ns + (0,23 ns/pF) CL 

15 15 30 ns 7 ns + (0,16 ns/pF) CL 

Output transition 5 75 150 ns 15 ns + (1,20 ns/pF) CL 
times 10 tTHL 30 60 ns 6 ns + (0,48 ns/pF) CL 

HIGH to LOW 15 20 40 ns 4 ns + (0,32 ns/pF) CL 

5 60 110 ns 10 ns + (1,00 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns l 6 ns + (0,28 ns/pF) CL 

Input capacitance C\N - 10 pF 

~--------·------~-·-·----·····--------·-------·--- ------·----·----

Dynamic power 
dissipation per 
package (P) 

Voo 
v 

5 
10 
15 

typical formula for P (µW) 

500 fi + L(foCL) x Voo 2 

5000 fi + L(foCL) x Voo2 

30 000 fi + L(foCL) x Voo 2 

where 
fi =input freq. (MHz) 
f 0 = output freq. (MHz) 
CL= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 

~---··--- __ ._L ___ J__ -·---------------'-----·-···-~--·---------' 
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Quadruple 2-input NOR gate 

Vo 

(V) 

5 

~ll 
\ 
r 

7Z84255 
500 

lo 

(µA) 

2,5 l 1 250 

0 
0 

_L 
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I 
I 
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2,5 
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l 
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~I~ 0 
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7Z84254 
10 ;--;--,-.....:;i::-,---.-,-,---,-r---, 10 

~ 
Vo 

(V) IL'f. 
lo 

(mA) 
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I 1i 
Ji \ 

1 \ 

~/ l"-.~\J 0 L---'----""'C--'---'-·--'--"---=--...__, 0 
0 5 VI (V) 10 

20 7Z84253 2 0 
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li 
v ' 11. 
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\ 
T 

l 
\ 

HEF4001UB 
gates 

Fig. 4 Typical transfer characteristics; 
one input, the other input connected to V55; 
- Vo; - - - lo(drain current); lo= O; 
v00 =5V. 

Fig. 5 Typical transfer characteristics; 
one input, the other input connected to V55; 
- Vo;- - - lo(drain current); lo= O; 
v00 = 10 v. 

Fig. 6 Typical transfer characteristics; 
one input, the other input connected to V55; 
- Vo; - - - lo(drain current); lo= O; 
v 00 =15v. 
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HEF4001UB 
gates 

Rbias = 560k.Q 

Fig. 7 Test set-up for measuring foward transconductance 
gfs = di 0 /dvi at v0 is constant (see also graph Fig. 8). 

7Z84364 

101--1--+-+-+--+--+--t--+-t--1--+-+-+--+--i 

gfs ~ 
( mA /V ) t--t--+--+-<~--+-+-+~-+~---k".j-+--t-+-----< 

1 ,5 1-+-+----+--+--lf--+-JL-A.lL--+--+-+A ~ 
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L_JJ v v 
1 .1 IZ 2 ,5 t-+--+-+-t--ij_'+.llH-_j_f--+--+--+--t-+--+-+-t 
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0 5 10 Voo (V) 15 

Fig. 8 Typical forward transconductance gfs as a 
function of the supply voltage at T amb = 25 oc. 

122 Octobo• 1980 I 

Curves in Fig. 8: 

A : average, 
B : average + 2 s, 
C : average -2 s, in where: 

's' is the observed standard 
deviation. 



Quadruple 2-input NOR gate HEF4001UB 
gates 

APPLICATION INFORMATION 

Some examples of applications for the HEF4001 UB are shown below. 

Because of the fact that this circuit is unbuffered, it is suitable for use in (partly) analogue circuits. 

1/4 HEF4001UB 1/4 HEF4001UB 
INH--<-----~ 

D 
B 

C2 

---Vss I 
R2 

c 7Z84264 

c 

D 

(a) 

---- Voo 
- O,SVoo 

- - - - - - - - - - ov 
- -0,SVoo 

---...._ - - - Voo 

t forward voltage 
clamping diode 

(b) 

- O,SVoo 
ov 

7Z71571 

INH 0 

H L 
L osc 

C1 

Fig. 9(a) Astable relaxation oscillator using two HEF4001 UB 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 R 1 C1, provided R 1 < < 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 T Pis given by T p = T 1 + T 2· in which 

Voo + Vsr 2 Voo - Vsr 
T1 = R1C1 In and T2 = R1C1 In where 

Vsr Voo-Vsr 

Vsr is the signal threshold level of the gate. The period is fairly independent of Voo. Vsr and 
temperature. The duty factor, however, is influenced by VsT· 
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HEF4001UB 
gates l __ _ 

1 Mil 
t---o 

INH 0 

H L 
L osc 

7Z84266 

Fig. 10 Example of a crystal oscillator using one HEF4001 UB gate. 

7Z84252 
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5 _L 
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1--1-+--+--~17~-+-+-+-+-+-+---+--+-+-

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

NOTES 

330 k.Q 

4D=J 
1/4 HEF4001UB 

7Z84268 

Fig. 12 Test set-up for measuring graph of 
Fig. 11. Condition: all other inputs 
connected to ground. 

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 Vss will give the device a symmetrical output. 
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Quadruple 2-input NOR gate 

gain 

(Vo/V1) 

7Z84251 1 

l 
-j---·+ +··~+· •··-+-+ ··+·+-1 

!----+--' -+-+---+---+--+--+--+---+---+---+·- -1--+--l 
[\_WP 

,........,r--t----+-+--+--+--+- +-I .. t---+--+---+--r--t 

>-->---+---"I--- ~· 1·-t--

t--<---+-+--+-. t-+-- --+-1 ---- -t---1 ··-+-
0 ·--t--1---+--[-y--- ·--

0 5 10 Voo (V) 15 

Fig. 13 Voltage gain (Vo!V1) as a function 
of supply voltage. 

330kD 

G[;J 
1/4 HEF4001UB 

7Z84268 

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

330kD 

input 

INH 7Z84270 

Fig. 16 Example of an analogue amplifier 
with inhibit using one HEF4001 UB gate. 

100 

(mA) 

5 

HEF4001UB 
gates 

7Z84257 1 

-- -+---+----+--+-----" - --- --+-- ·-- +--
1--.... -1--1--if----~--+-----' --+-+--+--+----l---+----1-----l 

5 10 Voo \Vl 5 

Fig. 14 Supply current as a function 
of supply voltage. 
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HEF40028 
gates 

DUAL 4-INPUT NOR GATE 

The HEF4002B provides the positive dual 4-input NOR function. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 

7269555 

Fig. 1 Functional diagram. 

0- o, 

7Z74511 

Fig. 3 Logic diagram (one gate). 

FAMILY DATA 

HEF4002B 

7Z69478 

Fig. 2 Pinning diagram. 

HE F4002BP : 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4002BD: 14-lead DI L; ceramic (cerdip) (SOT-73). 
HEF4002BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

see Family Specifications 

loo LIMITS category GATES 

G Products approved to CECC 90 104-004. 127 



HEF40028 
gates 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times,,;;;; 2o ns 

Voo symbol typ. max. 
typical extrapolation 

v formula 

Propagation delays 5 60 120 ns 33 ns + (0,55 ns/pF) CL 
1n-On 10 tfiHL; tPLH 25 50 ns 14 ns + (0,23 ns/pF) CL 

15 20 40 ns 12 ns + (0, 16 ns/pF) CL 

Output transition times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 
HIGH to LOW 10 lTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 1050 fi + L(foCLl x Voo 2 CL= load capacitance (pF) 
dissipation per 10 4300 fi + L(foCL) x Voo 2 L(f0 CLl =sum of outputs 
package (P) 15 11 700 fi + L(foCLl x Voo 2 Voo =supply voltage (V) 
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18-ST AGE STATIC SHIFT REGISTER 

HEF40068 
MSI 

The HEF4006B 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, DB) and a data 
output (03A, 03B); the two 5-stage shift registers each have a data input (De, Do) and data outputs 
from the fourth and fifth stages (03e. 04e. 030, 040). 

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 (DA to Do) 
and all the data in each register are shifted one position to the right on the HIGH to LOW transition 
of eP. 

1 DA 
SHIFT REGISTER 03A 13 

HEF4006B 

rO 4-BITS 

7Z73674 

DB 5 03B 10 SHIFT REGISTER Fig. 2 Pinning diagram. 

t--0 4-BITS 

4 De 
SHIFT REGISTER 04e 12 

HEF4006BP: 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4006BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HE F4006BT: 14-lead mini-pack; plastic 

t--0 5-BITS 

l 03e 

6 Do 
SHIFT REGISTER 040 

t--0 5-BITS 
- l 030 3 eP 

7Z73675.2 

Fig. 1 Functional diagram. 

PINNING 

DA to Do data inputs 

11 

9 

8 

(S0-14; SOT-108A). 

FUNCTION TABLE 

Dn ep On * 

D1 \_ 01 
x f no change 

X =state is immaterial 
f = positive-going transition 
\._ = negative-going transition 
D1 =either HIGH or LOW 
* The moment D1 appears at 0 depends on 

the register length. 

ep clock input (HIGH to LOW; edge-triggered) 

03A to 030; 04e; 040 data outputs 

FAMILY DATA 
J see Family Specifications 

loo LIMITS category MSI 
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HEF40068 
MSI 

Do 

CP 

>------<D 0 

>--+---ID 

CP FF 
1 

>--+---< D 0 

D 0 

CP FF 
1 
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Fig. 3 Logic diagram. 

FF 
4 

FF 
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FF 
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030 
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18-stage static shift register 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times,,;;; 20 ns 
-

Voo symbol min typ v max 

Propagation delays 

CP - On 5 90 180 ns 
HIGH to LOW 10 tPHL 40 80 ns 

15 30 60 ns 

5 90 180 ns 
LOW to HIGH 10 tPLH 40 85 ns 

15 35 70 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 

Minimum clock 5 60 30 ns 
pulse width; HIGH 10 twcPH 40 20 ns 

15 30 15 ns 

Set-up time 5 20 10 ns 

Dn - CP 10 tsu 10 5 ns 
15 5 0 ns 

Hold time 5 5 -5 ns 

Dn - CP 10 tho Id 5 0 ns 
15 5 0 ns 

Maximum clock 5 9 18 MHz 
pulse frequency 10 fmax 15 30 MHz 

15 18 36 MHz 

Voo typical formula for P (µW) v 

Dynamic power 5 600 fi + L(foCL) x Voo 2 

dissipation per 10 3200 fi + L(foCL) x Voo 2 

package (P) 15 11 600 fi + L(foCL) x Voo 2 

HEF4006B 
MSI 

typical extrapolation 
formula 

63 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22 ns + (0,16 ns/pF) CL 

63 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
27 ns + (0,16 ns/pF) CL 

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

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

see also waveforms 
Fig. 4 

--
where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 
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HEF4006B 
MSI 

CP INPUT 

00 INPUT 

-twcPH- - tsu 

?273905.1 

Fig. 4 Waveforms showing minimum clock pulse width, and set-up and hold-times for Dn to CP. 
Set-up and hold times are shown as positive values but may be specified as negative values. 
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HEF4007UB 
gates 

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. 

PINNING 

Sn Sp3 

Dp1, Dp2 

DN1, DN2 

SN2,SN3 

DN/P3 

G1 to G3 

6 G1 

13 2 

8 3 4 5 10 

Fig. 1 Schematic diagram. 

14 1RJill.jill~_ 8 

Voo Df'1 DN/P3 Sr··3 G, SN3 DN1 

HFF4007UB 

?Z73676 

Fig. 2 Pinning diagram. 

11 

9 
72736?? 

HEF4007UBP. 14 lead OIL; plastic (SOT-27K, M, T). 
HEF4007UBD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HEF4007UBT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

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

drain connections from the 1st and 2nd µ-channel transistors 

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

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

common connection to the 3rd p-channel and n-channel transistor drains 

gate connections ton-channel and p-channel of the three transistor pairs 

FAMILY DATA 
l see Family Specifications for Vi HIV IL unbuffered stages 

loo LIMITS category GATES J 

8 Products approved to CECC 90 104-006. 
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HEF4007UB 
gates 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times~ 20 ns 

Voo symbol typ. max. 
typical extrapolation 

v formula 

Propagation delays 

Gn - ON; Dp 5 40 80 ns 13 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 20 40 ns 9 ns + (0,23 ns/pF) CL 

15 15 30 ns 7 ns + (0,16 ns/pF) CL 

5 40 75 ns 13 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 20 40 ns 9 ns + (0,23 ns/pF) CL 

15 15 30 ns 7 ns + (0,16 ns/pF) CL 
Output transition 

times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 I 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 

LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

·-

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 4500 fi + ~(f0CL) x Voo 2 CL= load capacitance (pF) 
dissipation per 10 20000 fi + ~(f0CL) x Vo 0 2 ~(f0CL) =sum of outputs 
package (P) 15 50000 fi + ~(f0CL) x Voo2 Voo =supply voltage (V) 
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Dual complementary pair and inverter 
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HEF4007UB 
gates 

Fig. 3 Typical drain current ID and output 
voltage Vo as functions of input voltage; 
Voo = 5 V; Tamb = 25 oc . 

Fig. 4 Typical drain current lo and output 
voltage Vo as functions of input voltage; 
Voo= 10V;Tamb=25oc. 

Fig. 5 Typical drain current Io and output 
voltage Vo as functions of input voltage; 
Voo = 15 V; Tamb = 25 °c. 
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HEF4007UB 
gates 

APPLICATION INFORMATION 

Some examples of applications for the HEF4007UB are: 

• High input impedance amplifiers 

• Linear amplifiers 

• (Crystal) oscillators 

• High-current sink and source drivers 

• High impedance buffers. 

7Z84251.1 

50 

I 
' [lWP 

~ 
25 ~ 

~ 
~ 

~ H 

0 
0 5 10 Voo (V) 15 

Fig. 6 Voltage gain (V0 /Vi) as a function of 
supply voltage. 

330k.11 

~ 
1/3 HEF4007UB 

7Z84358 

Fig. 8 Test set-up for measuring graphs of Figs 
6 and 7. 
This is also an example of an analogue amplifier 
using one HEF4007UB gate. 
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7Z84257 1 

20t-+-+-+--+--+-+--l-+-+-+--+-+-+-<l-l 

100 

(mA) 1/ 
'rf-

15 t-1r---t-+-t--+-+--+-+--~1-+-+-+--I-~ 
J_ 

1 
typ 

10r--t--1--t--t--t---+--t--+--+--+--+-+-+-+-l 

rf 
I-

5t-t--+-+-t-+--+-+-+~~-+-+-+_,_-+--I 
~ 

10 Voo (V) 15 

Fig. 7 Supply current as a function of supply 
voltage. 



Dual complementary pair and inverter HEF4007UB 
gates 

R bias= 560 kn 

Fig. 9 Test set-up for measuring forward transconductance 
gfs = di 0 /dvi at v0 is constant (see also graph Fig. 10). 

7 284364 

101-t-1-+-+-+--+--+--+-+-~---+-I--+--~ 

gfs BV" 

(mA/V)t-1-+-l--+-+-+-+--+-+---ihol'.k-'.~r+-+-+~ v 
7,5 IZV A~ 

VL 
if v 

117 v 

'_J_ 

O'--......... '-'--'---'---'--'--'--'--'--'-..L_.l-J......J 
0 5 10 Voo (V) 15 

Fig. 10 Typical forward transconductance gfs as 
a function of the supply voltage at Tamb = 25 °c. 

Curves in Fig. 10; 

A: average, 
B: average + 2 s, 
C: average - 2 s, in where 's' is the 

observed standard deviation. 
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HEF4007UB 
gates 

APPLICATION INFORMATION (continued) 

Figures 11 to 14 show some applications in which the HEF4007UB is used. 

25 
pF 

Vss 
7Z84359 

Fig. 11 4 MHz crystal oscillator. 

Voo 

input 5 12 
output 

N 
N 
9 

Vss 

3 10 7Z84360 

Fig. 12 High current sink driver. 

Voo 

13 

6 
output 

input 12 

3 
10 

Vss 
7Z84361 

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

Fig. 14 High impedance buffer. 

NOTE 

HEF4007UB 
gates 

FUNCTION TABLE for Fig. 14. 

input disable output 

H L L 

L L H 

x H 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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HEF40088 
MSI 

4-BIT BINARY FULL ADDER 

The HE F4008B is a 4 bit binary full adder with two 4-bit data inputs (J',o ;,:; Aj, Bo tu B3), a Ldrry 
input (C1N), four sum outputs (So to S3), and a carry output (CouT). The IC uses full look-ahead 
across 4-bits to generate CoLJT· This minimizes the necessity for extensive look-ahead and carry
cascading circuits. 

HIGH-SPEED CouT .......... t----
PARALLEL CARRY 

l 15 83 
ADDER S3 --

4 
t--

-~----

1 A3 

? B2 ==t!ER I ~ ···---

3 A2 

] 
4 B1 ===lAD~ER S1 --

I--·-.. -~ 
5 Al 

J 
6 BQ 

ADDER so 

-· 1 
7 Ao 

9 C1N J -·-

7 Z74548.1 

Fig. 1 Functional diagram. 

HEF4008BP : 16-lead DI L; plastic (SOT-38Z). 
HEF4008BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4008BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

FAMILY DATA 
J see Family Specifications 

loo LIMITS category MSI 

G Products approved to CECC 90 104-007. 

14 

13 

12 

11 -

10 

HEF40088 

Fig. 2 Pinning diagram. 

PINNING 

Ao to A 3 

Bo to s3 

s0 to S3 

Cll\J 

Cou1 

data inputs 

data mputs 

sum outputs 

1::arry ir.put 

carry output 

72736761 

TRUTH TABLE (one udder) 

B 

L 
H 

iH L L H 
L H H H L 
H L L L H 
H L H H L 
H H l H L 
H H H H H 
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HEf 40088 
MSI 
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Fig. 3 Logic diagram. 

Cour 

o-so 

s, 
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4-bit binary full adder 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times~ 20 ns 

HEF4008B 
MSI 

1---------·---+-v-~_-_;-1--1 s_v_m~b~o_l _-+--_m_i_n_. _typ. <:~+~cal f:r~~~~ 
Propagation delays I =-1 

sum in --- sum out 5 150 300 ns I 123 ns + (0,55 ns/p F) CL 
HIGHtoLOW 10 tPHL 55 110ns 44ns+(0,23ns/pF)CL 

15 40 80 ns 32ns+(0,16ns/pF)CL 

5 
LOW to HIGH 10 tpu-1 

15 

sum in --- Gour 5 
HIGH to LOW 10 tPHL 

15 

5 
LOW to HIGH 10 tPLH 

15 

C1N - sum out 
HIGH to LOW 

LOW to HIGH 

c1N --- Cour 
HIGH to LOW 

LOW to HIGH 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 trHL 
15 

5 
10 trLH 
15 

135 
55 
40 

125 
50 
35 

100 
45 
30 

130 
50 
35 

115 
50 
35 

90 
35 
25 

75 
35 
25 

270 ns 
110 ns 
80 ns 

250 ns 
100 ns 
70 ns 

200 ns 
90 ns 
60 ns 

260 ns 
100 ns 
70 ns 

230 ns 
100 ns 
70 ns 

180 ns 
70 ns 
50 ns 

150 ns 
70 ns 
50 ns 

60 120 ns 
30 60 ns 
20 40 ns 

60 120 ns 
30 60 ns 
20 40 ns 

Voo typical formula for P (µW) v 

Dynamic power 5 1 500 fi + L(foCL) x Voo 2 

dissipation per 10 6000 fi + L(foCL) x Voo 2 

package (P) 15 13500 fi + L(foCL) x Voo 2 

108 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns+ (0,16 ns/pF) CL 

98 ns + (0,55 ns/pF) CL 
39 ns + (0,23 ns/pF) CL 
27 ns + (0,16 ns/pF) CL 

73 ns + (0,55 ns/pF) CL 
34 ns + (0,23 ns/pF) CL 
22 ns + (0, 16 ns/pF) CL 

103 ns + (0,55 ns/pF) CL 
39 ns + (0,23 ns/pF) C1_ 
27 ns + (0, 16 ns/pF) CL 

88 ns + (0,55 ns/pF) CL 
39 ns + (0,23 ns/pF) CL 
27 ns + (0,16 ns/pF) CL 

63 ns + (0,55 ns/pF) CL 
24 ns + (0,23 ns/pF) CL 
17 ns + (0, 16 ns/pF) CL 

48 ns + (0,55 ns/pF) CL 
24 ns + (0,23 ns/pF) CL 
17 ns + (0,16 ns/pF) CL 

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

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

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 
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HEF4008B 
MSI 

APPLICATION INFORMATION 

S1----S4 

word A + B inputs 

Ag----B12 

sum outputs 

Fig. 4 Example of a 16-bit full adder using 4 HEF4008B I Cs. 
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HEF40118 
gates 

QUADRUPLE 2-INPUT NANO GATE 

The HEF4011 B provides the positive quadruple 2-input NANO function. The outputs are fully 
buffered for highest noise immunity and pattern insensitivity of output impedance. 

7Z69S62 

Fig. 1 Functional diagram. 

7Z74510.1 

Fig. 3 Logic diagram (one gate). 

HEF4011B 

Fig. 2 Pinning diagram. 

HE F4011 BP : 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4011BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HEF4011 BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

FAMILY DATA I see Family Specifications 
loo LIMITS category GATES 

: Products approved to CECC 90 1~~-008. "') ( Mav 1983 1AC 



HEF40118 
gates 

A.C. CHARACTERISTICS 

V55 =OV; Tamb = 25 °C; CL= 50 pF; input transition times E;; 20 ns 

Voo symbol typ max 
typical extrapolation 

v formula 

Propagation delays 5 55 110 ns 28 ns + (0,55 ns/pF) CL 
In-On 10 tpHL; tPLH 25 45 ns 14 ns + (0,23 ns/pF) CL 

15 20 35 ns 12~+(~16n~pF)CL 

Output transition I 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

Voo where 

v typical formula for P (µW) fi =input freq. (MHz) 

2 f0 =output freq. (MHz) 
Dynamic power 5 1300 fi + L(foCL) x Voo 2 CL= load capacitance (pF) 

dissipation per 10 6000 fi + L(foCL) x Voo L(f0 CL) =sum of outputs 
package (P) 15 20100 fi + L(foCL) x Voo 2 Voo =supply voltage (V) 
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HEF4011UB 
gates 

QUADRUPLE 2-INPUT NANO GA TE 

The HEF4011 UB is a quadruple 2-input NANO gate. This unbuffered single stage version provides 
a direct implementation of the NANO function. The output impedance and output transition time 
depends on the input voltage and input rise and fall times applied. 

o, 3 

7Z69562 

Fig. 1 Functional diagram. 

7283058 

Fig. 2 Pinning diagram. 

HE F4011 UBP : 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4011UBD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HEF4011UBT:14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

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

FAMILY DATA 
see Family Specifications for VI HIV IL unbuffered stages 

loo LIMITS category GATES 

G Products approved to CECC 90 104-009. 1 (May 1986 
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HEF4011UB 
gates 

A.C. CHARACTERISTICS 

~ 50 pF; input transition times~ 20 ns 
--------,--

HIGH to LOW 

--

15 

5 -

LOW to HIGH '10 
15 

Output transition !) 

times 10 
HIGH to LOW 15 

5 
LOW to HIGH 1 0 

15 

Input capaGitunce 

Dynamic power 
dissipation per 
package (P) 

October 1980) 

5 
10 
15 

D symbol typ. max. 

60 120 
tPHL 25 50 

20 40 

35 70 
tPLH 20 40 

17 35 

75 150 
tTHL 30 60 

20 40 

60 110 
tn_H 30 60 

20 40 

'_11',J__ 10 

typical formula for P (µW) 

500 fi + 2:(f0 CLl x v00 2 

5 ooo fi + ~(f0CLl x Voo' 
25 ooo fi + ~(f0CL) x Voo' 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

typical extrapolation 
formula 

25 ns + ( 0,70 ns/pF) CL 
12 ns + (0,27 ns/pF) CL 
10 ns + (0,20 ns/pF) CL 

8 ns + (0,55 ns/pF) CL 
9 ns + (0,23 ns/pF) CL 
9 ns + (0, 16 ns/pF) CL 

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

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

where 
fi =input freq. (MHz) 
f 0 ~output freq. (MHz) 
CL= load capacitance (pF) 
~(f0CL) 0= sum of outputs 
Voo =supply voltage (V) 



Quadruple 2-input NANO gate 

7Z84261 
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HEF4011UB 
gates 

Fig. 4 Typical transfer characteristics; 
one input, the other input connected to Voo; 
- Vo; - - - lo(drain current); lo= O; 
v00 =5V. 

Fig. 5 Typical transfer characteristics; 
one input, the other input connected to Voo; 
- Vo: - - - lo(drain current); lo= 0; 
v00 = 10 v. 

Fig. 6 Typical transfer characteristics; 
one input, the other input connected to Voo: 
- Vo; - - - lo(drain current); lo= O; 
v 00 =15v. 
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HEF4011UB 
gates 

R bias= 560 kn 

Fig. 7 Test set-up for measuring forward transconductance 
gfs = di0 /dvi at v0 is constant (see also graph Fig. 8). 

7Z84364 

101--1--+-+-+--+-+-+-+--l--l-+-+-+--t--i 

9fs B~ 
(mA/V)1--+--1-+-1----1---+-+--+-+-~~-----kd-+-1-t-~ 

7,5 iC y 

1111_ v 
v 

2. 5 l-+--+-+--l1-_j-r}+-LL__u-+-+-+-+-+--+-!---i 
.J. y 

[ZJL 

O'--'--'---'---'-__.__-'-..__.__.....__.__,_--'---'---'---' 
0 10 Voo (Vl 15 

Fig. 8 Typical forward transconductance gfs as a 
function of the supply voltage at T amb = 25 °c. 

5 

October 1980' 

Curves in Fig. 8: 

A: average, 
B : average + 2 s, 
C : average -2 s, in where: 

's' is the observed standard 
deviation. 



HEF4011UB 
gates 

APPLICATION INFORMATION 

Some examples of applications for the HEF4011 UB are shown below. 

Because of the fact that this circuit is unbuffered, it is suitable for use in (partly) analogue circuits. 

1/4 HEF4011 UB 1/4 HEF4011 UB 
INH ---------, 

D 

C2 

----Vss I 
R2 

c 7 Z84265 

c 

D 

(a) 

---- Voo 
- O,SVoo 

- - - - - - - - - - ov 
- -0,5Voo 

-----.. - - - Voo 

j_ 

t forward voltage 
clamping diode 

(b) 

- O,SVoo 
ov 

7Z71571 

INH 0 

L H 

C1 
H osc 

Fig. 9 (a) Astable relaxation oscillator using two HE F4011 UB 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 R 1 C1, provided R 1 < < 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 T P is given by T P = T 1 + T 2, in which 

I Voo + VsT 2Voo - VsT 
T1 = R1C1 n and T2 = R1C1 In where 

VsT Voo - VsT 

VsT is the signal threshold level of the gate. The period is fairly independent of Voo, VsT and 
temperature. The duty factor, however, is influenced by VsT· 
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gates 

1MD 

INH 0 

INH -+--~ 
4MHz 

D...____..., L H 
H osc 

7Z84267 

Fig. 10 Example of a crystal oscillator using one HEF4011 UB gate. 

7Z84258 

] 

1 0 1--t--l-+-+--+--+--+--+--+--t--t--t--T-t-1 

Vo 

(V) .L 

l--lf--1-+--+-+-+--+--+typ~.L.i"-t--t--+--t-, 
A' 

v 

lL 

IZ 

0 """"''--'--'--'--L-..J......_._.._.___.'--L.....J..-'--'---' 
0 5 10 Voo(Vl15 

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

NOTES 

330kD 

GOJ 
1/4 HEF4011UB 

7Z84269 

Fig. 12 Test set-up for measuring 
graph of Fig. 11. Condition: all other 
inputs connected to ground. 

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 Voo will give the device a symmetrical output. 

October 1980) 



Quadruple 2-input NANO gate 

7Z84251 1 

500-->-+---+--+--+--+---+--+---->-+---+--+--+-~ 

\ 
l 

J\WP 
\ 

25>-+--+-+-+--+-+-+-~~-NI--+-_._.._.___._. 

~ 

o ......... .___.,__.,_.__.__.__.__.__..__..___.,_.__.__._~ 
0 5 10 VDD (V) 15 

Fig. 13 Voltage gain (Vo/V1) as a function 
of supply voltage. 

330kD 

COJ 
1/4 HEF4011UB 

7Z84269 

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

330kD 

input 

INH 7Z84271 

Fig. 16 Example of an analogue amplifier 
with inhibit using one HEF4011 UB gate. 

HEF4011UB 
gates 

7Z84257. 1 

201--1--4--1--+-+--+--+-+-+-11--4--I--+-+-~ 

100 
(mA) 

151---41--4--1--+-+--+--+-+-+-1--+--I--+-+-~ 

-I 
typ 

101--1--4--1--+-+--+--+-+-+-l--+-4-+-+-~ 
) 

lZ 
-I 

51-+-+-+-+--+--+-+-+-i+f--+-1-+-+--+-t 

~ 

0 L....L--L.-l..,Ol!J.....1::::::..J..P""_J__.,L__j_.L....JL....l--L.--L__L...J 

0 5 10 VDD (V) 15 

Fig. 14 Supply current as a function 
of supply voltage. 
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HEF4012B 
gates 

DUAL 4-INPUT NANO GATE 

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

2 11 

o, 1 

7Z69563 

Fig. 1 Functional diagram. 

Fig. 3 Logic diagram (one gate). 

FAMILY DATA 

loo LIMITS category GATES 

HEF4012B 

7Z69480 

Fig. 2 Pinning diagram. 

HEF4012BP: 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4012BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HE F4012BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

see Family Specifications 

G Products approved to CECC 90 104-010. 1 (May 1983 155 



HEF40128 
gates 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °C; CL = 50 pF; input transition times.;;; 20 ns 

Propagation delays 
In-on 

HIGH to LOW 

LOW to HIGH 

Output transition 
times 

HIGH to L.OW 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
LOW to HIGH 10 

15 
L.-.--~--~-·----·-------~··-L~--

~-------

.r tynamic power 
dissipation pe 
package (P) 

----

--·-

Vpo 
v 

5 
10 
15 

typ max 
typical extrapolation 

formula 

70 
25 
20 

70 
30 
25 

60 
30 
20 

135 ns 43 ns + (0,55 ns/pF) CL 
50 ns 14 ns + (0,23 ns/pF) CL 
35 ns 12 ns+ (0,16 ns/pF) CL 

140 ns 43 ns + (0,55 ns/pF) CL 
60 ns 19 ns + (0,23 ns/pF) CL 
50 ns 17ns+(0,16ns/pF)CL 

120 ns 10ns+(1,0ns/pF)CL 
60 ns 9 ns + (0,42 ns/pF) CL 
40 ns 6 ns + (0,28 ns/pF) CL 

60 120 ns 10 ns + (1,0 ns/pF) CL 
30 60 ns 9 ns + (0,42 ns/pF) CL 

_______________ --~ _________ 2 ___ 0 _____________ 4 ___ o _________ n_s ___ ···---~-':1~-~--(Cl_,_?~_~!P FL~b._J 

typical formula for P (µW) 

1100fi+ L(f0 CL) xv00 2 

4400 ti+ L(f0 C1 l x v 002 
- 2 

12900 fi + L(foCL) x Voo 

where ------~---------·1 
fi =input freq. (MHz) 
f0 =output freq. (MHz) I 
CL= load capacitance (pF) 
L(f0 CL)=sumofoutputs 1 

Voo =supply voltage (V)j 
-·--------.-···---------------



HEF40138 
flip-flops 

DUAL D-TYPE FLIP-FLOP 

The HEF4013B is a dual D-type flip-flop which features independent set direct (Sol. clear direct (Co), 
clock inputs (CP) 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 (Co) and set-direct (Sol 
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. 

6 

5 
S01 _l o, o, 

! 
CP 1 FF I 

o, ~~-
Co1 I 

3 

4 

8 

So2 
9 D2 02 

·13 

11 CP2 FF 

02 - 12 

Co2 

10 

7Z69524.1 

Fig. 1 Functional diagram. 

502 

HEF4013B 

7Z69461 

Fig. 2 Pinning diagram. 

FAMILY DATA 

loo LIMITS category FLIP-FLOPS 

FUNCTION TABLES 

H =HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
.! = positive-going transition 
On + 1 ,= state after clock positive transition 

PINNING 

D data inputs 
CP clock input ( L to H edge-triggered) 
So asynchronous set-direct input (active HIGH) 
Co asynchronous clear-direct input (active HIGH) 
0 true output 
0 complement outpu:; 

HEF4013BP: 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4013BD: 14-lead DI L; ceramic (cerdip) (SOT-73). 
HEF4013BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

} see Family Specifications 

& Products approved to CECC 90 104-011. 
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flip-flops 
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Dual D-type flip-flop HEF40138 
flip-flops 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times< 20 ns 
·.----

Voo symbol min. typ. max. 
typical extrapolation 

v formula 
--

Propagation delays 
CP-O, 0 5 I 110 220 ns 83 ns + (0,55 ns/pF)CL 

HIGH to LOW 10 tPHL 45 90 ns 34 ns + (0,23 ns/pF)CL 
15 30 60 ns 22 ns + (0, 16 ns/pF)CL 

5 95 190 ns 68 ns + (0,55 ns/pF)CL 
LOW to HIGH 10 tpLH 40 80 ns 29 ns + (0,23 ns/pF)CL 

15 30 60 ns 22 ns + (0, 16 ns/pF)CL 

so-o 5 100 200 ns 73 ns + (0,55 ns/pF)CL 
HIGH to LOW 10 tPHL 40 80 ns 29 ns + (0,23 ns/pF)CL 

15 30 60 ns 22 ns + (0, 16 ns/pF)CL 

so-o 5 75 150 ns 48 ns + (0,55 ns/pF)CL 
LOW to HIGH 10 tPLH 35 70 ns 24 ns + (0,23 ns/pF)CL 

15 25 50 ns 17 ns + (0,16 ns/pF)CL 

co-o 5 100 200 ns 73 ns + (0,55 ns/pF)CL 
HIGH to LOW 10 tPHL 40 80 ns 29 ns + (0,23 ns/pF)CL 

15 30 60 ns 22 ns + (0, 16 ns/pF)CL 

c0 -o 5 60 120 ns 33 ns + (0,55 ns/pF)CL 
LOW to HIGH 10 tPLH 30 60 ns 19 ns + (0,23 ns/pF)CL 

15 20 40 ns 12 ns + (0,16 ns/pF)CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 
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HEF40138 
flip-flops 

A.C. CHARACTERISTICS 

Y55 = 0 Y; T amb = 25 °c; CL= 50 pF; input transition times<; 20 ns 

Yoo symbol min. typ. max. y 

Set-up time 5 40 20 ns 
o-cP 10 tsu 25 10 ns 

15 15 5 ns 

Hold time 5 20 0 ns 
o-cP 10 tho Id 20 0 ns 

15 15 0 ns 

Minimum clock 5 60 30 ns 
pulse width; LOW 10 twcPL 30 15 ns 

15 20 10 ns 

Minimum So pulse 5 50 25 ns 
see also waveforms 

width; HIGH 10 twsoH 24 12 ns 
Figs 4 and 5 

15 20 10 ns 

Minimum Co pulse 5 50 25 ns 
width; HIGH 10 twcoH 24 12 ns 

15 20 10 ns 

Recovery time 5 15 -5 ns 
for s 0 10 tRSD 15 0 ns 

15 15 0 ns 

Recovery time 5 40 25 ns 
for c 0 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 

Yoo typical formula for P (µW) where 
y fi =input freq. (MHz) 

f 0 =output freq. (MHz) 
Dynamic power 5 850 fi + L(foCL) x Yoo 2 CL= total load cap. (pF) 

dissipation per 10 3600 fi + L(foCL) x Yoo 2 L(f0 CL) =sum of outputs 
package (P) 15 9000 fi + L(foCU x Yoo 2 Yoo= supply voltage (Y) 

160 May 1983 l 



Dual D-type flip-flop J 
----

HEF40138 
flip-flops 

------ 1 /fmax I 
-- 1WCPL --

CP INPUT 50% 

- !hold -

D INPUT 

7269573.2 

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. 

So INPUT 50% 

-- 1wsDH --

Co INPUT 50% 

CP INPUT 50% 

0 OUTPUT 

7Z69577.2 

Fig. 5 Waveforms showing recovery times for So and Co; minimum So and Co pulse widths. 
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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 0 .... D Qi-- D 0 0 

,-+---- CP FF ,-+----
FF 

1 CP 2 

Qt- Qt-

clock 
7282332 

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

D 0 D 0 D 0 0 

clock CP FF CP FF CP FF 
1 2 n 

0 0 Q 

'-------v------ 7Z82333 

T-type flip-flop 

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

0 1-----+---1 D 0 

CP FF 
1 

0 

CP FF 
2 

0 

clock --+-------+----<--------+-

---1~0 01----

CP FF 
n 

7Z82334 

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

HEF40148 
MSI 

The HEF4014B is a fully synchronous edge-triggered 8-bit static shift register with eight synchronous 
parallel inputs (Po to P7), a synchronous serial data input (Ds), a synchronous parallel enable input 
(PE), a LOW to HIGH edge-triggered clock input (CP) and buffered parallel outputs from the last three 
stages (05 to 07). 

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 
Po to P7 on the LOW to HIGH transition of CP. When PE is LOW, data is shifted to the first position 
from Ds, 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 13 14 15 

9 PE 

11 Ds 

10 CP Do D1 
SHIFT REGISTER -1------------1 CP 

7Z69525.3 

HEF4014B 

7Z694B2 

Fig. 2 Pinning diagram. 

8-BITS 

Fig. 1 Functional diagram. 

HEF4014BP: 16-lead DIL;plastic (SOT-38Z). 
HEF4014BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4014BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

FAMILY DATA 
} see Family Specifications 

loo LIMITS category MSI 

G Products approved to CECC 90 104-012. 163 



HEF40148 
MSI 

/,°-I>---------

164 Moy 1983 ~ 

"' 0.. 0 c..l 

"' 0 

"' 0 

E 
"' .... 
Ol 

.!!! 
"'O 

c..l ·;;;, 
0 

_J 

M 

.~ 
u.. 



8-bit static shift reg,ister J 
---

PINNING 

PE 

Po to P7 

Ds 

CP 

parallel enable input 

parallel data inputs 

serial data input 

clock input (LOW to HIGH edge-triggered) 

05 to 07 buffered parallel outputs from the last three stages 

FUNCTION TABLES 

Serial operation Parallel operation 
---

inputs outputs inputs 

n CP Ds PE 05 05 07 n CP Ds PE 
----

1 .f D1 L x x x .f x H 
2 .f D2 L x x x \_ x x 
3 .f D3 L x x x 

outputs 

05 05 07 

P5 P5 P7 
no change 

HEF40148 
MSI 

6 .f x L 
7 .f x L 

D1 x 
D2 D1 

x 
x 

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

8 .f x L 
\_ x x 

'---· 

D3 D2 D1 
no change 

X = state is immaterial 
.f = positive-going transition 
\_ = negative-going transition 
Dn =either HIGH or LOW 
n = number of clock pulse transitions 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 oc; CL= 50 pF; input transition times,..;; 20 ns 
------ ----·------- -----·-··-·-r--·--·---·--------------------~-----------

Voo where typical formula for P (µW) 
V fi = input freq. (MHz) 

------------------·-··-·--+---------···--+----------- f0 =output freq. (MHz) 

Dynamic power 5 900 fi + ~(f0CLl x Voo2 CL= load cap. (pF) 
dissipation per 10 4300 fj + ~(f0CLl x Voo 2 ~(f0CL) =sum of outputs 
package (P) 15 12 000 fi + ~(f0CLl x Voo2 Voo =supply voltage (V) 
-------------~-----~----------------'---------------
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HEF4014B 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times,;;;;; 20 ns 

Voo symbol min. typ. max. v 

Propagation delays 
Cp -on 5 130 260 ns 

HIGH to LOW 10 tpHL 55 110 ns 
15 40 80 ns 

5 115 230 ns 
LOW to HIGH 10 tPLH 50 100 ns 

15 40 80 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 

Set-up times 5 40 10 ns 
PE - CP 10 tsu 25 5 ns 

15 15 0 ns 

5 35 -5 ns 
o 5 -cP 10 tsu 25 -5 ns 

I 

15 25 0 ns 

5 35 -5 ns 

Pn - CP 10 tsu 25 -5 ns 
15 25 0 ns 

Hold times 5 25 -5 ns 
PE- CP 10 tho Id 20 0 ns 

15 15 0 ns 

5 30 15 ns 
Ds-CP 10 tho Id 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 twcPL 30 15 ns 

15 24 12 ns 

Maximum clock 5 6 13 MHz 
pulse frequency 10 fmax 15 30 MHz 

15 20 40 MHz 

M•y 19831 

typical extrapolation 
formula 

103 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns+ (0,16 ns/pF) CL 

88 ns + (0,55 ns/pF) CL 
39 ns + (0,23 ns/pF) CL 
32 ns+ (0,16 ns/pF) CL 

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

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

see also waveforms 
Fig. 4 



CPINPUT 50°/o 50°/o 50°/o 50°/o 

--...1 tsu thold 1..- .--twcPL -

P INPUT 

PE INPUT $ 
50% 50%-f//~ 

Ds INPUT ~t'"H""-50% 50%~ 
7269725 

Fig. 4 Waveforms showing minimum clock pulse width, and set-up and hold times for PE to CP, 05 to CP, and P to CP. Set-up and hold times are 
0 I shown as positive values but may be specified as negative values. 
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HEF40148 
MSI 

APPLICATION INFORMATION 

Some examples of applications for the HEF4014B are: 

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

/ 



DUAL 4-BIT STATIC SHIFT REGISTER 

HEF4015B 
MSI 

The HEF4015B 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 (Oo to 03) 
and an overriding asynchronous master reset input (MR). Information present on Dis 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 Oo to 03 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.· 

7 DA OOA 5 HEF4015B 

SHIFT 01A 4 

9 CPA 
REGISTER 02A 3 7Z694B3 

4-BITS 
03A 10 Fig. 2 Pinning diagram. 

6 MRA 

15 Ds 

J 
0 os 13 

HEF4015BP: 16-lead OIL; plastic (SOT-38Z). 
HEF4015BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4015BT: 16-lead mini-pack; plastic 

Orn 
(S0-16; SOT-109A). 

SHIFT 12 

1 CPB REGISTER 0 2s 11 
4-BITS 

03s 2 

14 MRB J 
Fig. 1 Functional diagram. 

7Z69526,2 

serial data input 

PINNING 

DA,DB 

MRA,MRs 

CPA,CPs 

master reset input (active HIGH) 

OoA, 01A. 02A, 03A 

Oos, orn. 0 28, 03s 

clock input (LOW-to-HIGH edge-triggered) 

para I lel outputs 

para I lel outputs 

APPLICATION INFORMATION 

Some examples of applications for the HEF4015B are: 

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

FAMILY DATA 
} see Far.iily Specifications 

loo LIMITS category MSI 

G Products approved to CECC 90 104-013. I ( M'Y 1983 169 
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HEF40158 
MSI l __ _ 

LOGIC DIAGRAM (one register) 

o, 

D D 0 

CP FF FF FF FF 
1 2 3 4 

Co 

CP ff 

MR 

FUNCTION TABLE 

inputs 

n CP D MR 

1 f o, L 
2 f D2 L 
3 f D3 L 
4 f D4 L 

I. x L 
x x H 

outputs 

Oo 01 02 

o, x x 
D2 o, x 
D3 D2 D1 
D4 D3 D2 

no change 

7 Z69696.3 

Fig. 3 Logic diagram. 

03 

x 
x 
x 
o, 

H =HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
.! = positive-going transition 
\_ = negative-going transition 
Dn =either HIGH or LOW 

LjLJLJL n = number of clock pulse transitions 



Dual 4-bit static shift register 

A.C. CHARACTERISTICS 

HEF40158 
MSI 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times.;;; 20 ns 

Voo symbol min. typ. max. typical extrapolation 
v formula 

Propagation delays 
CP-On 5 130 260 ns 103 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 55 110 ns 44 ns + (0,23 ns/pF) CL 
15 40 80 ns 32 ns + (0, 16 ns/pF) CL 

5 120 240 ns 93 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 55 110 ns 44 ns + (0,23 ns/pF) CL 

15 40 80 ns 32 ns + (0,16 ns/pF) CL 

MR -on 5 105 210 ns 78 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 45 90 ns 34 ns + (0,23 ns/pF) CL 

15 35 70 ns 27 ns + (0,16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns+ (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

Set-up time 5 25 -15 ns 
o-cP 10 tsu 25 -10 ns 

15 20 -5 ns 

Hold time 5 40 20 ns 
D -cP 10 tho Id 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 twMRH 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 fmax 15 30 MHz 

15 22 44 MHz 

Voo typical formula for P (µW) where 
v fi = input freq. (MHz) 

f0 =output freq. (MHz) 
Dynamic power 5 1500fi + ~(f0CLl x Voo2 CL= load capacitance (pF) 

dissipation per 10 6300fi + ~(f0CLl x v002 ~(f0CL) =sum of outputs 
package (P) 15 17000fi + ~(f0CLl x Voo 2 Voo =supply voltage (V) 
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MSI 

CP INPUT 

D INPUT 

-+- thold .-

-+- tsu -+- 7Z69697 .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 

OUTPUT .. 

7Z69695 

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



___ J gates 

HEF4016B 

QUADRUPLE BILATERAL SWITCHES 

The HEF4016B 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 Voo a low 
impedance bidirectional path between Y and Z is established (ON condition). When E is connected to 
Vss the switch is disabled and a high impedance between Y and Z is established (OFF condition). 
Current through a switch will not cause additional Voo current provided the voltage at the terminals 
of the switch is maintained within the supply voltage range; Voo ~(Vy, Vz) ~ V55. Inputs Y and Z 
are electrically equivalent terminals. 

13 5 4 6 8 
Eo Yo El Y1 E2 Y2 

Zo Z1 Z2 

2 3 9 

Fig. 1 Functional diagram. 

PINNING 

Eo to E3 enable inputs 

Yo to Y3 input/output terminals 

Zo to Z3 input/output terminals 

12 11 

E3 Y3 

HEF4016B 
Z3 

E2 Vss 
10 

Ya Zo Z1 Y1 E1 

7Z69484 
7Z69571.2 

Fig. 2 Pinning diagram. 

HEF4016BP: 14-lead DI L.; plastic (SOT-27K, M, T). 
HEF4016BD: 14-lead DI L; ceramic (cerdip) (SOT-73). 
HEF4016BT: 14-lead mini-pack; plastic (S0-14;SOT-108A). 

APPLICATION INFORMATION 

Some examples of applications for the HEF4016B are: 

• Signal gating 

• Modulation 

• Demodulation 

• Chopper 

7Z69694.3 

Fig. 3 Schematic diagram (one switch). 
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HEF4016B 
gates 

RATINGS 

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

Power dissipation per switch 

For other RATINGS see Family Specifications 

D.C. CHARACTERISTICS 

Tamb = 25 °C; Vss = 0 V (unless otherwise specified) 

parameter Voo symbol typ. max. unit v 
r-------

5 8000 - n 
ON resistance 10 RoN 230 690 n 

15 115 350 n 
5 140 425 n 

ON resistance I 10 RoN 65 195 n 
15 

I 
50 145 n 

5 170 515 n 
ON resistance 10 I RoN I 

95 285 n I 

15 75 220 n 
'!:,.' ON resistance 5 200 - n 
between any two 10 L1RoN 15 - n 
channels 15 10 - n 

l 
J 

l 
J 

l 
J 

\ 
j 

Voo 
parameter V symbol -40 

Tamb (OC) 
+ 25 + 85 unit 1 

Quiescent 
device 
current 

Input leakage 
current at En 

OFF-state 

5 
I 10 

15 

15 

leakage 5 
current, any 10 
channel 0 FF 15 

En input 5 
voltage LOW 10 

15 

En input 5 
voltage HIGH 10 

15 

loo 

'oz 

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

l,O -
2,0 ~ 

4,0 -

1,0 -
2,0 -
4,0 -

7,5 µA 
15,0 µA 
30,0 µA 

1,5 
3,0 
4,0 

3,5-
7,0-

11,0 -

300 - 1000 nA 

200 -

- 1,5 
- 3,0 
- 4,0 

3,5-
7,0-

11,0 -

- 1,5 
- 3,0 
- 4,0 

3,5-
7,0-

11,0 -

nA 
nA 
nA 

v 
v 
v 
v 
v 
v 

p max. 100 mW 

-~ 

conditions 

EnatV1H 
Vis= Oto Voo 
see Fig. 4 

En at V1H 
Vis= Vss 
see Fig. 4 

EnatV1H 
Vis= Voo 

·~'•• ~ En at V1H 
Vis= o to Voo 
see Fig. 4 

condition 

1 Vss = O; all 
valid input 

f combinations; 
V1 = Vss or Voo 

En at Vss or Voo 

l En at V1L; 

J Vis= Vss or Voo; 
Vos= Voo or Vss 

l switch OFF; 

J see Fig. 9 
for toz 

l low-impedance 
between Y and 

J Z (ON condition) 
see RoN switch 

'----·--~~~-~L-~-'-~~-'-~~~-~-~~~-~~~~~~~~~~~~~~---' 
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Quadruple bilateral switches 

1; 5 = 100µA 

1zs4149.1 Vss 

Fig. 4 Test set-up for measuring RQN· 

7284150 1 

1'1\ 
200f---+-7~~\--l---+-~+----l~--+--I 

\ VD D =. t----+----+----+-----1 7 \ 10; 
RDN f---+11+-+-~~l\---+-~+----i~-+--I 
in 1 f---+1-l /---+---1-I-->. \.'\-+---+---+---+-~ 

100 1 ~ 7 / ~15V 

00o---~~i4~_[_~sl..___J_~~,2~--'-__J,6 

V;5 IVI 

Fig. 5 Typical RoN as a function of input voltage. 

En> V1H 
lis = 100 µA 
Vss = o v 

HEF4016B 
gates 

175 



HEF40168 
gates 

A.C. CHARACTERISTICS Vss =O V; Tamb = 25 °c; input transition times~ 20 ns 

VDD symbol 
v 

typ. max. 

Propagation delays 

Vis - Vos 5 25 50 ns l HIGH to LOW 10 tPHL 10 20 ns note 1 
15 5 10 ns J 
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 
\ 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 - Vos 5 40 80 ns l HIGH 10 tpzH 20 40 ns 
J 

note 2 
15 15 30 ns 

5 40 80 ns 
\ LOW 10 tpzL 20 40 ns note 2 

15 15 30 ns J 

Distortion, sine-wave 5 - 0/ ,o l response 10 0,08 % note 3 

15 0,04 01 J 10 

Crosstalk between 5 - MHz 
\ any two channels 10 1 MHz 
J 

note 4 

15 - MHz 

Crosstalk; enable 5 - mV 1 
input to output 10 50 mV \ note 5 

15 - mV J 

OFF-state 5 - MHz 

} feed-through 10 1 MHz note 6 

15 - MHz 

ON-state frequency 5 - MHz 
\ response 10 90 MHz note 7 

15 - MHz J 

vDD typical formula for P (µW) where 
v fi =input freq. (MHz) 

f0 =output freq. (MHz) 
Dy namic power 5 550 fj + L(foCL) x VDD 2 CL= load capacitance (pF) 

dissipation per 10 2 600 fj + L(foCL) x VDD 2 L(f0 CL) =sum of outputs 
package (P)* 15 6 500 fi + L(foCL) x VDD 2 VDD =supply voltage (V) 

--

*All enable inputs switching. 
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Quadruple bilateral switches HEF4016B 

NOTES 

Vis is the input voltage at a Y or Z terminal, whichever is assigned as input. 
V0s is the output voltage at a Y or Z terminal, whichever is assigned as output. 

gates 

1. RL = 10 k.Q to V55; CL= 50 pF to Vss; En= Voo; Vis= Voo (square-wave); see Figs 6 and 10. 
2. RL = 10 k.Q; CL= 50 pF to V55; En= Voo (square-wave); 

Vis= Voo and RL to Vss for tpHz and tpzH; 
Vis = Vss and R L to Voo for tpLz and tpzL; see Figs 6 and 11. 

3. RL = 10 kS1; CL= 15 pF; En= Voo; Vis= %Voo(p-p) (sine-wave, symmetrical about %Voo); 
fis= 1 kHz; see Fig. 7. 

4. RL = 1 k.Q; Vis= %Voo(p-p) (sine-wave, symmetrical about YNoo); 
Vos (B) 

20 log--) = -50dB; En (A)= Vss; En (B) = Voo; see Fig. 8. 
Vis (A 

5. R L = 10 k.Q to V55; CL= 15 pF to V55; En = Voo (square-wave); crosstalk is IV 0sl (peak value); 
see Fig. 6. 

6. RL = 1 kS1; CL= 5 pF; En= V55; Vis= %VoD(p-p) (sine-wave, symmetrical about YNool; 

Vos 
20 log-= -50dB; see Fig. 7. 

Vis 
7. RL = 1 k.Q; CL= 5 pF; En= Voo; Vis= YNoo(p-p) (sine-wave, symmetrical about %Voo); 

Vos 
20 log - = -3 dB; see Fig. 7. 

Vis 
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HEf4016B 
gates 

vis------+------{" 

7Z84146.1 

Fig. 6. 

V; 5 (A) ------+---~ 

(a) 

Vss 

Fig. 8. 

Vis------+------< 

7284147.1 

Fig. 7. 

-------Vss 
7274580.2 

(b) 

Vss------+---~ 

Fig. 9. 



Quadruple bilateral switches HEF4016B 
gates 

20 ns 20 ns - -
50% 

10% ------Vss 

- ---- 1PHL -
7Z79897 

Fig. 10 Waveforms showing propagation delays from Vis to V 0 5. 

20ns 20ns --1 --- -1~-
--------------- ·--------------VDo 

90% 
I 

En INPUT 50% 

Vos ( 1) 

- - tpHz -

Vos (2) 

- - tpzL 7Z79898 

( 1) Vis at Voo; (2) Vis at Vss· 

Fig. 11 Waveforms showing output disable and enable times. 
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5-STAGE JOHNSON COUNTER 

HEF40178 
MSI 

The HEF4017B is a 5-stage Johnson decade counter with ten spike-free decoded active HIGH outputs 
(Oo to 09), an active LOW output from the most significant flip-flop {05_9), active HIGH and active 
LOW clock inputs (CPo,CP1) and an overriding asynchronous master reset input (MR). 

The counter is advanced by either a LOW to HIGH transition at CPo while CP1 is LOW or a HIGH to 
LOW transition at CP1 while CPo is HIGH (see also function table). 

When cascading counters, the 05_9 output, which is LOW while the counter is in states 5, 6, 7, 8 and 
9, can be used to drive the CPo input of the next counter. 

A HIGH on MR resets the counter to zero (Oo = 05_9 =HIGH; 01 to 09 = LOW) independent of the 
clock inputs (CPo. 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. 

14 CPo 
5-STAGE JOHNSON COUNTER 

15 MR 

DECODING AND OUTPUT CIRCUITRY 
05_9 12 

7Z69564.3 3 2 4 7 10 5 6 9 11 

Fig. 1 Functional diagram. 

HEF4017B 

Os 0 1 0 0 0 2 Os 0 7 03 ~s HEF4017BP: 16-lead DIL;plastic (SOT-38Z). 

7269485 

HEF4017BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4017BT: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

Fig. 2 Pinning diagram. 

PINNING 

CPo 
CP1 
MR 
o0 to o9 
05_9 

clock input (LOW to HIGH triggered) 
clock input (HIGH to LOW triggered) 
master reset input 
decoded outputs 
carry output (active LOW) 

FAMILY DATA 
) see Family Specifications 

loo LIMITS category MSI 

ct Products approved to CECC 90 104-015. 181 
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MSI 
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5-stage Johnson counter 

FUNCTION TABLE 

MR CPo 
t-----+--~---+---~-~------

CP1 operatioH 

H 
L 
L 

x 
H 
_f 

x Oo = 05_9 = H; 01 to 09 = L 
\_ Counter advances 
L Counter advances 

I 
L I L I X I No change 

~ ~ . { ~:m::: 
~-~-----'------'-- --------~ 

A.C. CHARACTERISTICS 

HEF4017B 
MSI 

H =HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X =state is immaterial 
.! = positive-going transition 
\_ = negative-going transition 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times,-;;;; 20 ns 

----,------

Voo symbol min. typ. max. 
typical extrapolation 

v formula 

i Propagation delays 
I 

CPo, CP1-oo to 09 5 140 280 113 ns+ (0,55 ns/pF) CL I ns 
HIGH to LOW 10 tPHL 55 110 ns 44 ns + (0,23 ns/pF) CL 

15 40 80 ns 32 ns + (0, 16 ns/pF) CL 

5 125 250 ns 98 ns + (0,55 ns/pF) CL 
I LOW to HIGH 10 tPLH 50 100 ns 39 ns + (0,23 ns/pF) CL i 

15 40 80 ns 32 ns+ (0,16 ns/pF) CL 
- -

CPo, CP1 - 05_9 5 145 290 ns 118 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 55 110 ns 44 ns + (0,23 ns/pF) CL 

15 40 80 ns 32 ns + (0,16 ns/pF) CL 

5 125 250 ns 98 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 50 100 ns 39 ns + (0,23 ns/pF) CL 

15 40 80 ns 32 ns + (0, 16 ns/pF) CL_ 

MR - 01to09 5 115 230 ns 88 ns + (0,55 ns/pF) CL 
! HIGH to LOW 10 tPHL 50 100 ns 39 ns + (0,23 ns/pF) CL 

15 35 70 ns 27 ns + (0,16 ns/pF) CL 

MR - 05_9 5 110 220 ns 83 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpL_H 45 90 ns 34 ns + (0,23 ns/pF) CL_ 

15 35 70 ns 27 ns + (0,16 ns/pF) CL 

MR - Oo 5 130 260 ns 103 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 55 105 ns 44 ns + (0,23 ns/pF) CL 

15 40 75 ns 32 ns + (0,16 ns/pF) CL_ 

Output transition 
times 5 60 120 ns 10 ns + ( 1,0 ns/pF) CL 
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL_ 

15 20 40 ns 6 ns + (0,28 ns/pF) CL_ 

5 60 120 ns 10 ns + ( 1,0 ns/pF) CL_ 
LOW to HIGH 10 tTL_H 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL_ 
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HEF40178 
MSI 

A.G. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times,,;:; 20 ns 

Voo symbol min. typ. max. v 

I Hold times 5 90 45 ns 

I CPo - CP1 10 tho Id 40 20 ns 
15 20 10 ns 

5 80 40 ns 
CP1 - CPo 10 tho Id 40 20 ns 

15 30 10 ns 

Minimum clock 
pulse width: 5 

twCPL = 80 40 ns 
CPo= LOW; 10 40 20 ns see also waveforms 

CP1 =HIGH 15 twCPH 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 

Meximom clock J 5 6 12 MHz 
pulse frequency 10 fmax 12 24 MHz 

15 15 30 MHz 
'------------

---.----
Voo typical formula for P (µW) 

where 
v fi =input freq. (MHz) 

1-- -- f0 =output freq. (MHz) 
Dynamic power 5 500 fi + L(foCL) x Voo 2 CL= load cap. (pF) 

dissipation per 10 2200 fi + L(foCL) x Voo 2 L(f0 CL) =sum of outputs 
package (P) 15 6000 fi + L(foCL) x Voo 2 Voo =supply voltage (V) 

~-
_ ______,___ 
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5-stage Johnson counter J HEF40178 

CPo INPUT I lQOfu 

t•oM + --
CP1 INPUT 

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

-twcPL-

CPa INPUT 

MR INPUT 

-tWMRH-

000UTPUT - • 7Z69574.2 

MSI 

7Z6957B.1 

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

Conditions: CP1 = LOW while CPo is triggered on a LOW to HIGH transition. 
twcp and tRMR also apply when CPo =HIGH and CP1 is triggered on a 
HIGH to LOW transition. 
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MSI 

CPo INPUT _JrLfGfGrLfVU\I'uf\J 
CP1 INPUT 

MR INPUT 

--, 
Oo OUTPUT 

I\ j 

o 1 OUTPUT ~ 
--I 

,.---.... 

o 2 OUTPUT 

v---i 
o 3 OUTPUT 

~ 
o 4 OUTPUT 

1,--, 
05 OUTPUT 

1,----, 
0 6 OUTPUT 

\r-1 
0 7 OUTPUT 

\r-1 
Og OUTPUT 

1,----, 
Og OUTPUT 

0 5 _g OUTPUT 

Fig. 6 Timing diagram. 
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5-stage Johnson counter 

APPLICATION INFORMATION 

Some examples of applications for the HEF4017B are: 

• Decade counter with decimal decoding 
• 1 out of n decoding counter (when cascaded) 
• Sequential controller 
• Timer. 

HEF40178 
MSI 

Figure 7 shows a technique for extending the number of decoded output states for the HE F4017B. 
Decoded outputs are sequential within each stage and from stage to stage, with no dead time (except 
propagation delay). 

Note 

MR 
CPo 
CPl HEF4017B 

oo 01----oa o 9 

'----v----' 
9 decoded 

outputs 

first stage 

MR 
CPo 
CPl HEF4017B 

o0 0 1----08 o9 

~ 
8 decoded 

outputs 

intermediate stages 

Fig. 7 Counter expansion. 

MR 
CPo 
CPl HEF40178 

01------0a Og 

8 decoded 
outputs 

7Z84127 

last stage 

It is essential not to enable the counter on CP1 when CPo is HIGH, or on CPo when CP1 is LOW, as the 
this would cause an extra count. 
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HEF40188 
MSI 

PRESETIABLE DIVIDE-BY-N COUNTER 

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 (Po to P4), five active LOW buffered outputs (Oo to 
04), and an overriding asynchronous master reset input (MR). 
Information on Po to P4 is asynchronously loaded into the counter while PL is HIGH, independent of 
CP and D inputs. When PL is LOW, the counter advances on the LOW to HIGH transition of CP. By 
connecting Oo to 04 to D, the counter operates as a divide-by-n counter (n = 2 to 1 O; 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 !Ooto 04 =HIGH) independent of all other inputs. 

2 3 7 9 12 

Po P1 P2 P3 P4 

10 PL PARALLEL LOAD 

CIRCUITRY 

D Co/So 
14 CP 

COUNTER 
15 MR 

5 4 6 11 13 

7Z69527.3 

Fig. 1 Functional diagram. 

FUNCTION SELECTION 

counter connect 
mode; D input remarks 

divide by to 

10 Q4 no external 
8 Q3 components 
6 02 needed 

4 Q1 
2 Oo 

9 Q3•Q4 AND gate 
7 Q2·Q3 needed; 
5 Q1·Q2 counter 
3 Oo·01 skips all 

HIGH states 

= Products approved to CECC 90 104-016. 

HEF4018B 

D P0 P1 01 50 02 P2 Vss 

7Z69486 

Fig. 2 Pinning diagram. 

HEF4018BP: 16-lead DIL;plastic(SOT-38Z). 
HEF4018BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4018BT: 16-lead mini-pack; plastic 

PINNING 

PL 
Po to P4 
D 
CP 
MR 
Bo to 64 

(S0-16; SOT-109A). 

parallel load input 
parallel inputs 
data input 
clock input (LOW to HIGH edge triggered) 
master reset input 
buffered output (active LOW) 

APPLICATION INFORMATION 

Some examples of applications for the 
HEF4018B are: 

• Programmable divide-by-n counter 
• Programmable frequency division 
• Timers 

FAMILY DATA l 
j see Family Specifications 

loo LIMITS category MSI 
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Presettable divide-by-n counter 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; input transition times,,;; 20 ns 
--

I 
Voo typical formula for P (µW) v 

Dynamic power 5 700 fi + L(foCL) x Voo 2 

dissipation per 10 3450 fj + L(foCL) x Voo 2 

package (P) 15 10300 fi + L(foCL) x Voo 2 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times.;;; 20 ns 

Voo symbol min. typ. max. v 

Propagation delays 

CP - 0 5 185 370 ns 
HIGH to LOW 10 tPHL 65 135 ns 

15 50 95 ns 

5 145 295 ns 
LOW to HIGH 10 tpLl-J 55 110 ns 

I 15 40 85 ns 

i PL -o 5 205 415 ns 
I HIGH to LOW 10 tPHL 70 140 ns 

15 50 105 ns 

5 175 350 ns 
LOW to HIGH 10 tPLH 65 125 ns 

15 50 95 ns 

MR-o 5 140 280 ns 
LOW to HIGH 10 tPLH 55 105 ns 

15 40 80 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 

where 

HEF40188 
MSI 

fi =input freq. (MHz) 
f 0 =output freq. (MHz) 
CL= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 

typical extrapolation 
formula 

158 ns + (0,55 ns/pF) CL 
54 ns + (0,23 ns/pF) CL 
42 ns + (0, 16 ns/pF) CL 

118 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns + (0, 16 ns/pF) CL 

178 ns + (0,55 ns/pF) CL 
59 ns + (0,23 ns/pF) CL 
42 ns + (0,16 ns/pF) CL 

148 ns + (0,55 ns/pF) CL 
54 ns + (0,23 ns/pF) CL 
42 ns + (0, 16 ns/pF) CL 

113 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns + (0, 16 ns/pF) CL 

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

10 ns + (1,0 ns/pF) CL 
9 ns + (0,42 ns/pF) CL 
6 ns + (0,28 ns/pF) CL 
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A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °G; G L = 50 pF; input transition times< 20 ns 

Voo symbol min. typ. v max. 

Set-up time 
I 5 130 65 ns 

D - GP 
I 

10 I tsu 
40 20 ns 

15 30 15 ns 

Hold time 5 20 -45 ns 
D - GP 10 tho Id 5 -15 ns 

I 
15 5 -10 ns 

Minimum clock 5 140 70 ns 
pulse width; LOW 10 twGPL 50 25 ns 

15 40 20 ns 

Minimum MR pulse 5 100 50 ns 
width; HIGH 10 twMRH 35 20 ns 

15 25 15 ns 

Minimum PL pulse 5 145 75 ns 
width; HIGH 10 twPLH 50 25 ns 

15 35 20 ns 
i Recovery time 5 135 70 ns 

forMR 10 tRMR 40 20 ns 
15 25 15 ns 

Recovery time 5 170 85 ns 

I 
for PL 10 tRPL 55 30 ns 

! 
15 40 20 ns 

i Maximum clock 5 2 4 MHz 
I 

pulse frequency 10 

I 
fmax 6 11 MHz 

15 8 16 MHz 

CP INPUT 

MR INPUT 

typical extrapolation 
formula 

I see also waveforms 
Figs 4, 5 and 6 

7269633.1 

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

CP INPUT 50°/o 

D INPUT 

50°/o 50°/o 

7275393 

HEF4018B 
MSI 

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

CP INPUT 

PL INPUT 

1----- tsu ----1• 1thold -

Pn INPUT 

7269662.1 

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

state is immaterial until PL input goes HIGH 

P2 INPUT 

P3 INPUT 

~ I~ I I I 

P4 INPUT 

J ~ 
-+ 

Oo OUTPUT I 
I 

-l 
01 OUTPUT l IJ 
02 OUTPUT If ~ 

03 OUTPUT 
ti. 

Ch. OUTPUT 

Fig. 7 Timing diagram. 

Note 

D input connected to 04 for decade counter configuration. 
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HEF40198 
MSI 

QUADRUPLE 2-INPUT MULTIPLEXER 

The HEF4019B provides four multiplexing circuits with common select inputs (SA, Ss); each circuit 
contains two inputs (An, Bnl and one output (On). It may be used to select four bits of information 
from one of two sources. 

The A inputs are selected when SA is HIGH, the B inputs when SB is HIGH. When SA and SB are 
HIGH, output (On) is the logical OR of the An and Bn inputs (On= An+ Bn). When SA and SB are 
LOW, output (On) is LOW independent of the multiplexer inputs. 

6 7 4 

14 SB 

01 

10 11 

5 2 

12 

3 15 

13 
7269542.3 

Fig. 1 Functional diagram. 

16 15 14 13 12 11 10 9 

HEF4019B 

Bo Vss 
7 8 

7269487.1 

Fig. 2 Pinning diagram. 

PINNING 

SA, SB select inputs (active HIGH) 

Ao to A3 multiplexer inputs 

HEF4019BP: 16-lead OIL; plastic (SOT-38Z). 
HEF4019BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HE F4019BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

multiplexer inputs 

multiplexer outputs 

FAMILY DATA 
) see Fa:nily Specifications 

loo LIMITS category MSI 

e Products approved to CECC 90 104-017. 195 
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Bo Ao 

S9~....--r-~~-r-~--.--1~~--1~~-.--r-~~-r-~--, 

SA~-+--+-~-+--+-~---'f.-lf--___,~f--~-+--t-~-+--t-~~f--f---, 

TRUTH TABLE 

select inputs 

SA S9 An Bn 

L L x x 
H L L x 
H L H x 
L H x L 
L H x H 
H H H x 
H H x H 
H H L L 

196 Ootobe• 1980 I 

? 
Oo 7269822.1 

Fig. 3 Logic diagram. 

output 

On 

L 
L 
H 
L 
H 
H 
H 
L 

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



Quadruple 2-input multiplexer 

A.C. CHARACTERISTICS 

HEF40198 
MSI 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times.;;;; 20 ns 

Veo symbol ·r typ. max. 
typical extrapolation 

formula 

Propagation delays -- ---+-------i-----·------+------------1 

43 ns + (0,55 ns/pF) CL 
19 ns + (0,23 ns/pF) CL 
17 ns + (0, 16 ns/pF) CL 

An. Bn. SA, Ss - On 5 70 145 
60 
50 

HIGH to LOW 10 tPHL 30 
15 25 

5 60 
LOW to HIGH 10 tPLH 25 

130 
50 
35 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

15 15 

5 60 120 
10 tTHL 30 60 
15 20 40 

5 60 120 
10 tTLH 30 60 
15 20 40 

--,---- -·--·---··· 

ns 
ns 
ns 

ns 
ns 
ns 

33 ns + (0,55 ns/pF) CL 
14 ns + (0,23 ns/pF) CL 
7 ns + (0, 16 ns/pF) CL 

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

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

Voo typical formula for P (µ.W) 
where 

v fi = input freq. (MHz) 

Dynamic power 5 1200 fi + ~(f0CLl x v002 

dissipation per 10 5100 fi + ~(f0CLl x Voo2 

package (P) 15 18 700 fi + ~(f0CLl x v00 2 
-~--

APPLICATION INFORMATION 

An example of an application for the HEF4019B is: 

• True/complement selection. 

f0 =output freq. (MHz) 
CL= load capacitance (pF) 
~(f0CL) =sum of outputs 
Voo =supply voltage (V) 

(Moy 1983 197 





14-STAGE BINARY COUNTER 

HEF40208 
MSI 

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 (Oo, 03 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 
HEF4020B is: high speed (typ. 35 MHz at Voo = 15 V). 

10 CP,.. ..., 

11 MR 

7Z73680.3 

PINNING 

CP 

MR 

Oo, 03 to 013 

FAMILY DATA 

T 
12-STAGE COUNTER 

Co 

Oo 03 04 05 05 07 Os 09 010 011 0 12 
9 7 5 4 6 13 12 14 15 1 2 

Fig. 1 Functional diagram. 

HEF4020B 

011 012 013 Os 04 05 03 Vss 

7Z69488 

Fig. 2 Pinning diagram. 

HEF4020BP: 16-lead DI L; plastic (SOT-38Z). 
HEF4020BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HEF4020BT: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

clock input (HIGH to LOW edge triggered) 

master reset input (active HIGH) 

parallel outputs 

loo LIMITS category MSI 
} see Family Specifications 

0 13 
3 

8 Products approved to CECC 90 104-018. May 1983 199 
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14-stage binary counter J 
---

HEF4020B 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °C; CL= 50 pF; input transition times< 20 ns; see also waveforms Fig. 4 

t~D symbol min. typ. 
typical extrapolation 

max. 
formula 

Propagation delays 

CP - Oo 5 105 210 ns 
I 

78 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 45 90 ns 34 ns + (0,23 ns/pF) CL 

15 30 65 ns 22 ns + (0,16 ns/pF) CL 

5 105 210 ns 78 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 50 95 ns 39 ns + (0,23 ns/pF) CL 

15 35 70 ns 27 ns+ (0,16 ns/pF) CL 

On - On+ 1 5 80 160 ns 53 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 

I 
30 60 ns 19 ns + (0,23 ns/pF) CL 

15 20 40 ns 12 ns + (0,16 ns/pF) CL 

5 70 140 ns 43 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 25 50 ns 14 ns+ (0,23 ns/pF) CL 

15 20 40 ns 12 ns + (0,16 ns/pF) CL 

MR-On 5 180 360 ns 153 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 90 180 ns 79 ns + (0,23 ns/pF) CL 

15 70 140 ns 62 ns+ (0,16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

Minimum clock 5 50 25 ns 
I 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 tRMR 65 35 ns 

15 55 25 ns 

Maximum clock 5 5 10 MHz 
pulse frequency 10 fmax 13 25 MHz 

15 18 35 MHz 

Voo typical formula for P (µW) 
where 

v fi = input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 600 fi + L(foCL) x Voo 2 CL= load cap. (pF) 
dissipation per 10 2800 fi + L(foCL) x Voo 2 L(f0 CL) =sum ofoutputs 
package (P) 15 8200 fi + L(foCL) x Voo 2 Voo =supply voltage (V) 

( Oototw' 1980 201 



HEF40208 
MSI 

MR INPUT 50% 

twMRH 

- -tRMR 

CP INPUT 50% 

tpHiL--

Oo or On 
OUTPUT 50% 

-- --twcPH ----

7Z75389 

Fig. 4 Waveforms showing propagation delays for MR to On and CP to Oo, minimum MR and CP 
pulse widths. 
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08 OUTPUT IL_ L l__ L L L 
09 OUTPUT IL_ L L L L 
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0 11 OUTPUT l_ 1__ 

012 OUTPUT L 
013 OUTPUT --------------------------' 
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Fig. 5 Timing diagram. 
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8-BIT STATIC SHIFT REGISTER 

HEF4021B 
MSI 

The HE F4021 B is an 8-bit static shift register (parallel-to-serial converter) with a synchronous serial 
data input (Os), a clock input (CP), an asynchronous active HIGH parallel load input (PL), eight 
asynchronous parallel data inputs (Po to P7) and buffered parallel outputs from the last three stages 
(05 to 07). 

Each register stage is a D-type master-slave flip-flop with a set direct/clear direct input. Information on 
Po to P7 is asynchronously loaded into the register while PL is HIGH, independent of GP and DS. When 
PL is LOW, data on Os 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. 

HEF4021 B 

7 6 5 4 13 14 15 

9 PL 

11 Os so/Co 
0 SHIFT REGISTER 

8-BITS 
10 CP CP 

7Z69530.4 2 12 3 

7Z694B9 

Fig. 1 Functional diagram. 

H EF4021 BP : 16-lead DI L; plastic (SOT-38Z). 
HEF4021BO:16-lead DI L; ceramic (cerdip) (SOT-74). 
HE F4021 BT: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

Fig. 2 Pinning diagram. 

PINNING 

PL 

Po to P7 

Ds 

CP 

05 to 07 

parallel load input 

parallel data inputs 

serial data input 

clock input (LOW to HIGH edge-triggered) 

buffered parallel outputs from the last three stages 

FAMILY DATA J 
see Family Specifications 

loo LIMITS category MSI 

G Products approved to CECC 90 104-019. 205 
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8-bit static shift register 

FUNCTION TABLES 

Serial operation 

inputs outputs 

n CP Os PL 05 05 07 

1 .r 01 L x x x 
2 f 02 L x x x 
3 .r 03 L x x x 
6 f x L D1 x x 
7 f x L D2 01 x 
8 f x L D3 02 01 

l x L no change 

A.C. CHARACTERISTICS 

Parallel operation 

inputs outputs 

n CP Os PL 05 05 07 

x x H P5 P5 P7 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
J = positive-going transition 
"\. = negative-going transition 
On =either HIGH or LOW 
n =number of clock pulse transitions 

HEF40218 
MSI 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times..;; 20 ns 

Voo symbol min. typ. max. 
typical extrapolation 

v formula 

Propagation delays 
CP-On 5 125 250 ns 98 ns + (0,55 ns/pF)CL 

HIGH to LOW 10 tPHL 55 110 ns 44 ns + (0,23 ns/pF)CL 
15 40 80 ns 32 ns + (0,16 ns/pF)CL 

5 115 230 ns 88 ns + (0,55 ns/pF)CL 
LOW to HIGH 10 tPLH 50 100 ns 39 ns + (0,23 ns/pF)CL 

15 40 80 ns 32 ns + (0, 16 ns/pF)CL 

PL-On 5 120 240 ns 93 ns + (0,55 ns/pF)CL 
HIGH to LOW 10 tPHL 55 110 ns 44 ns + (0,23 ns/pF)CL 

15 40 80 ns 32 ns + (0,16 ns/pF)CL 

5 105 210 ns 78 ns + (0,55 ns/pF)CL 
LOW to HIGH 10 tPLH 50 100 ns 39 ns + (0,23 ns/pF)CL 

15 40 80 ns 32 ns + (0, 16 ns/pF)CL 

Output transition 5 60 120 ns 10 ns + (1,0 ns/pF) CL 
times 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 

HIGH to LOW 15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

( MoY 1983 207 
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HEF4021B 
MSI 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times< 20 ns 

I 

Set-up times 
D5-CP 

Pn-PL 

Hold times 
D5-CP 

Pn-PL 

Minimum clock 
pulse width; LOW 

Minimum PL 
pulse width; HIGH 

Recovery time 
for PL 

Maximum clock 
pulse frequency 

-

----~---

power Dynamic 
dissipat 
packag 

ion per 
e (P) 

M'Y 19831 

Voo 
v 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 
5 

10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

Voo 
v 

5 
10 
15 

symbol min. typ. max. 

25 -15 
tsu 25 -10 

15 -5 

50 25 
tsu 30 10 

20 5 

40 20 
tho Id 20 10 

15 8 

15 -10 
tho Id 15 0 

15 0 

70 35 
twcPL 30 15 

24 12 

70 35 
twPLH 30 15 

24 12 

50 10 
tRPL 40 5 

35 5 

6 13 
fmax 15 30 

20 40 

typical formula for P (µW) 

900 fi + L(f0 CL) x Voo2 
4300 fi + L(f0 CL) x Voo2 

12000 fi + L:(f0 CL) x Voo2 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns see also waveforms 
ns Figs 4 and 5 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

MHz 
MHz 
MHz 

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
L: (f0 CL) =sum ofoutputs 
Voo =supply voltage (V) 



8-bit static shift register 

CP INPUT 50% 

Ds INPUT 

twcPL-

7Z69661 

HEF4021B 
MSI 

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

CP INPUT 

PL INPUT 

Pn INPUT 

7Z69662.1 

Fig. 5 Waveforms showing minimum PL pulse width, recovery time for PL, and set-up and hold times 
for Pn to PL. Set-up and hold times are shown as positive values but may be specified as negative values. 
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4-STAGE DIVIDE-BY-8 JOHNSON COUNTER 

HEF40228 
MSI 

The HEF4022B is a 4-stage divide-by-8 Johnson counter with eight spike-free decoded active HIGH 
outputs (Oo to 07}, an active LOW output from the most significant flip-flop (04_7), active HIGH and 
active LOW clock inputs (CPo, CP1) and an overriding asynchronous master reset input (MR). 

The counter is advanced by either a LOW to HIGH transition at CPo while CP1 is LOW or a HIGH to 
LOW transition at CP1 while CPo is HIGH (see also function table). Either CPo or CP1 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 04_7 output, which is LOW while the counter is in states, 4, 5, 6 and 7, 
can be used to drive the CPo input of the next counter. 

A HIGH on MR resets the counter to zero (Oo = 04.7 =HIGH; 01 to 07 =LOW) independent of the 
clock inputs (CPo, 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. 

13 ci>, 
-~ 4-STAGE JOHNSON COUNTER 

14 ~-J---.----.---~---------' 
15 Mn 

7Z69565.2 

HEF4022B 

?Z691.o9\J 

DECODING AND OUTPUT CIRCUITRY 

2 3 7 11 4 5 10 

Fig. 1 Functional diagram. 

HEF4022BP: 16-lead DI L; plastic (SOT-38Z). 
HEF4022BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4022BT: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

Fig. 2 Pinning diagram. 

PINNING 

CPo 

c"P1 

MR 

Oo to o7 

04_7 

clock input (LOW to HIGH; edge-triggered) 

clock input (HIGH to LOW; edge-triggered) 

master reset input 

decoded outputs 

carry output (active LOW) 

FAMILY DATA l see Family Specifications 
loo LIMITS category MSI 
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4-stage divide-by-8 Johnson counter 

FUNCTION TABLE 

MR CPo CP1 operation 

H x x Oo = 04.7 = H; 01 to 07 = L 
L H \. Counter advances 
L f L Counter advances 
L L x No change 
L x H No change 
L H f No change 
L \. L No change 

A.C. CHARACTERISTICS 

HEF40228 
MSI 

H =HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X =state is immaterial 
f = positive-going transition 
\. = negative-going transition 

Vss = 0 V; T amb = 25 °c; CL= 50 pf; input transition times.;;; 20 ns 

Voo symbol min. typ. max. 
typical extrapolation 

v formula 

Propagation delays 
CPo. CP1 - On 5 195 390 ns 168 ns + (0,55 ns/pf) CL 

HIGH to LOW 10 tPHL 75 145 ns 64 ns + (0,23 ns/pf) CL 
15 50 100 ns 42 ns + (0, 16 ns/pf) CL 

5 245 485 ns 218 ns + (0,55 ns/pf) CL 
LOW to HIGH 10 tPLH 95 195 ns 84 ns + (0,23 ns/pf) CL 

15 60 125 ns 52 ns + (0, 16 ns/pf) CL 

CPo, CP1 - 04.7 5 245 485 ns 218 ns + (0,55 ns/pf) CL 
HIGH to LOW 10 tPHL 90 185 ns 79 ns + (0,23 ns/pf) CL 

15 60 120 ns 52 hs + (0, 16 ns/pf) CL 

5 190 380 ns 163 ns + (0,55 ns/pf) CL 
LOW to HIGH 10 tPLH 75 145 ns 64 ns + (0,23 ns/pf) CL 

15 50 105 ns 42 ns + (0, 16 ns/pf) CL 

MR - 01 to07 5 130 260 ns 103 ns + (0,55 ns/pf) CL 
HIGH to LOW 10 tPHL 55 105 ns 44 ns + (0,23 ns/pf) CL 

15 40 75 ns 32 ns + (0;16 ns/pf) CL 

MR- Oo 5 130 260 ns 103 ns + (0,55 ns/pf) CL 
LOW to HIGH 10 tPLH 55 105 ns 44 ns + (0,23 ns/pf) CL 

15 40 75 ns 32 ns + (0,16 ns/pf) CL 
-

MR - 04.7 5 110 220 ns 83 ns + (0,55 ns/pf) CL 
LOW to HIGH 10 tPLH 45 90 ns 34 ns + (0,23 ns/pf) CL 

15 35 70 ns 27 ns + (0, 16 ns/pf) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGHto LOW 10 !THL 30 60 ns 9 ns + (0,42 ns/pf) CL 
15 20 40 n.s 6 ns + (0,28 ns/pf) CL 

5 60 120 ns 10 ns + (1,0 ns/pf) CL 
LOW to HIGH 10 !TLH 30 60 ns 9 ns + (0,42 ns/pf) CL 

15 20 40 ns 6 ns + (0,28 ns/pf) CL 

( Octobo'1980 213 
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MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times,;;:; 20 ns 

Voo symbol min. typ. max. v 

Hold times 5 140 70 ns 

CPo - CP1 10 thold 50 25 ns 
15 30 15 ns 

5 1110 85 ns 
CP1 - CPo 10 thold I 60 30 ns 

15 I 40 20 ns 

Minimum clock 5 75 35 ns 
pulse width 10 twcP 30 15 ns 

15 20 10 ns 

Minimum MR 5 70 35 ns 
pulse width; HIGH 10 twMRH 30 15 ns 

15 20 10 ns 

Recovery time 5 30 10 ns 
for MR 10 tRMR 15 5 ns 

15 10 5 ns 

Maximum clock 5 3 6 MHz 
pulse frequency 10 fmax 8 16 MHz 

15 12 24 MHz 

Voo typical formula for P (µW) v 

Dynamic power 5 475 fi + L(foCL) x Voo2 

dissipation per 10 2400 fi + L(foCL) x Voo2 

package (P) 15 6700 fi + L(foCL) x Voo2 

214 Octob" , •• a I 

see also waveforms 
Figs 4 and 5 

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pf) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 



4-stage divide-by-8 Johnson counter 

CP0 INPUT 

CP1 INPUT 

HEF40228 
MSI 

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

-twcPL-

CPa INPUT 

MR INPUT 

-tWMRH-

000UTPUT - • 7Z69574.2 

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

Conditions: CP1 = LOW while CPo is triggered on a LOW to HIGH transition. 
twcP and tRMR also apply when CPo =HIGH and CP1 is triggered on 
a HIGH to LOW transition. 
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CPo INPUT 

CP1 INPUT 

MR INPUT 

Oo OUTPUT 

o1 OUTPUT 

02 OUTPUT 

03 OUTPUT 

o4 OUTPUT 

o5 OUTPUT 

05 OUTPUT 

0 7 OUTPUT 

216 OctoOOc 19801 

7Z69803.2 

Fig. 6 Timing diagram. 



4-stage divide-by-8 Johnson counter 

APPLICATION INFORMATION 

Some of the features of the HEF4022B are: 

• High speed 

• Spike-free decoded outputs 

• Carry output for cascading 

HEF40228 
MSI 

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). 

MR 
CPo 
CP1 HEF4022 B 

Oo 01----05 07 

~ 
7 decoded 

outputs 

first stage 

MR 
CPo 
CPl HEF4022 B 

Oo 01----05 07 

~ 
6 decoded 

outputs 

intermediate stages 

Fig. 7 Counter expansion. 

MR 

HEF4022B 

6 decoded 
outputs 

7Z85101 

last stage 

(October 1980 217 





HEF40238 
gates 

TRIPLE 3-INPUT NANO GA TE 

The HEF4023B provides the positive triple 3-input NANO function. The outputs are fully buffered 
for highest noise immunity and pattern insensitivity of omµut impedance. 

3 
o, 6 

02 9 

7269566 

Fig. 1 Functional diagram. 

I 1 

12 ~ ~o-[>o-o1 
13~ 

7Z74507.1 

Fig. 3 Logic diagram (one gate). 

72594-91 

Fig. 2 Pinning diagram. 

HEF4023BP: 14-lead DI L; plastic (SOT-27K, M, T). 
HE:r4023BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HEF40238T: 14-lead mini-pack; plastic 

(S0-14; SOT-1 OBA). 

FAMILY DATA l see Famiiy Specifications 
loo LIMITS category GATES 

~ Products approved to CECC 90 104-021. 219 



HEF4023B 

I' 

L_ gates 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times< 20 ns 

typical extrapolation 
formula 

-- ----------r---- -- ---------

In-On 5 
HIGH to LOW 10 

15 

LOW to HIGH 11~ 
15 

Output transition I 
times 

11 

5 
HIGH to LOW 10 

15 

LOW to HIGH 

220 October 

5 
10 
15 

Voo 
v 

5 
10 
15 

trHL 

65 
25 
15 

65 
30 
25 

60 
30 
20 

135 
50 
30 

130 
60 
45 

120 
60 
40 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

60 
30 
20 

120 ns 

formula for P (µW) 

60 ns 
40 ns 

1200 ti+ L:{f0 CLl x v 00 2 

5500 fj + L(foCL) x Voo 2 

16400 fi + l:(f0 Ci_) x Vo0 2 

38 ns + (0,55 ns/pF) CL 
14 ns + (0,23 ns/pF) Ci_ 
7 ns + (0, 16 ns/pF) Ci_ 

38 ns + (0,55 ns/pF) CL 
19 ns + (0,23 ns/pF) CL 
17 ns + (0, 16 ns/pF) CL 

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

ns + ( 1,0 ns/pF) CL 
9 ns + (0,42 ns/pF) CL 
6 ns + {0,28 ns/pF) CL 

w here 
f· I =input freq. (MHz) 
f 0 =output freq. (MHz) 
c 
L 
v 

L = load capacitance (pF) 
(f0 CL) =sum of outputs 

OD= sup!'.~~~oltage ~~__, 



7 -ST AGE BINARY COUNTER 

HEF40248 
MSI 

The HEF4024B is a 7-stage binary ripple counter with a clock input (CP), and overriding asynchronous 
master reset input (MH) and seven tully buffered parallel outputs (Oo to 05). The counter advances on 
tile 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. 

T 

2 MR 
Co 

Oo 

7Z69531.4 

HEF4024B 

CP MR 0 6 0 5 0 4 0 3 Vss 

.2. 
7269492 

Fig. 2 Pinning diagram. 

PINNING 

Fig. 1 Functional diagram. 

HEF4024BP: 14-lead OIL; plastic (SOT-27K, M, T). 
HEF40248D: 14-lead DIL,ceramic(cerdip) (SOT-73) . 
HEF4024BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

CP clock input (HIGH to LOW triggered) 

MR master reset input 

Oo to 05 buffered parallel outputs 

APPLICATION INFORMATION 

Some examples of applications for the HE F4024B are: 

• Frequency dividers 
• Time delay circuits 

FAMILY DATA 

loo LIMITS category MSI 

l 
J 

see Family Specifications 

Products approved to CECC 90 104-022. 221 



HEF40248 
MSI 
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7-stage binary counter 

A.C. CHARACTERISTICS 

HEF40248 
MSI 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times< 20 ns; see also waveforms Fig. 4 
----·--- ------,------

Voo symbol min. v 

5 

~---------f ~r Propagation delays 
CP -oo 

HIGH to LOW 

typ. max. 

100 200 

i 

LOW to HIGH 

On - On+ 1 
HIGH to LOW 

LOW to HIGH 

MR-On 
HIGH to LOW 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

Minimum clock 
pulse width; HIGH 

Minimum MR 
pulse width; HIGH 

Recovery time 
for MR 

/ Ma:,i
1
mum clock 

Lise frequency 

!---------------

Dynamic power 
dissipation per 
package (P) 

10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

I 5 
! 10 

15 

5 
10 
15 

5 
10 
15 

Voo 
v 

5 
10 
15 

tpHL 40 75 
25 50 

105 210 

tPLH 45 85 
30 60 

60 120 

tPHL 25 50 
20 40 

50 100 

tPLH 20 40 
15 30 

120 240 

tPHL 45 90 
30 60 

60 120 

tTHL 30 60 
20 40 

60 120 

tTLH 30 60 
20 40 

60 30 

twcPH 30 15 
20 10 

80 40 

twMRH 35 20 
25 15 

20 10 

tRMR 15 5 
15 5 

5 10 

fmax 13 25 
18 35 

-·-~-·-----·---·----

typical formula for P (µW) 

500 fi + L(foCL) x Voo 2 

2100 fi + L(foCL) x Voo 2 

520G fi + L(foCL) x Voo 2 

typical extrapolation 
formula 

ns 73 ns + (0,55 ns/rF) CL 
ns 29 ns + (0,23 ns/pF) CL 
ns 17 ns + (0, 16 ns/pF).CL 

ns 78 ns + (0,55 ns/pF) CL 
ns 34 ns + (0,23 ns/pF) CL 
ns 22 ns + (0, 16 ns/pF) CL 

ns 33 ns + (0,55 ns/pF) CL 
ns 14 ns + (0,23 ns/pF) CL 
ns 12 ns + (0,16 ns/pF) CL 

ns 23 ns + (0,55 ns/pF) CL 
ns 9 ns + (0,23 ns/pF) CL 
ns 7 ns + (0, 16 ns/pF) CL 

ns 93 ns + (0,55 ns/pF) CL 
ns 34 ns + (0,23 ns/pF) CL 
ns 22 ns + (0, 16 ns/pF) CL 

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

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

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

MHz 
MHz 
MHz 

where 
fi =input freq. (MHz) 
f 0 =output freq. (MHz) 
CL= load cap. (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 

(October 1980 223 
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HEf 40248 
MSI 

MR INPUT 50% 

CP INPUT 

o0 or On 

OUTPUT 

50% 

--- twcPH---

7269741.2 

Fig. 4 Waveforms showing propagation delays for MR to On and CP to Oo, minimum MR and CP 
pulse widths and recovery time for MR. 

May 1983~ 



HEf 40258 
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. 

11 b 

7Z69548 

Fig. 1 Functional diagram. 

1 , 

12 30o-C>o-{:>cr-- 01 

13 7Z74506.1 

Fig. 3 Logic diagram (one gate). 

HEF4025B 

7259493 

Fig. 2 Pinning diagram. 

HEF4025BP: 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4025BD: 14-lead DI L; ceramic (cerdip) (SOT-73). 
HE F4025BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

FAMILY DATA 
) see Family Specifications 

loo LIMITS category GATES 

$ Products approved to CECC 90 104-023. 225 



HEf 40258 
gates 

A.C. CHARACTERISTICS 

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

~--:-m~:;·1 typ. max. 

,,~:'-"!'.;~:;;:-'.·.. I . ~ - . . "'._j~~o ~ ::- "' 

typical extrapolation 
formula 

HIGH to LOW 10 tPHL 25 55 ns 

43 ns + (0,55 ns/pF) CL 
14 ns + (0,23 ns/pF) CL 
12ns+(0,16ns/pF) CL 

LOW to HIGH 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

15 20 40 ns 

5 
10 
15 

5 
10 
15 

5 
10 
15 

tpLH 

60 
25 
15 

120 ns 33 ns + (0,55 ns/pF) CL 
50 ns 14 ns + (0,23 ns/pF) CL 
35 ns 7 ns + (0,16 ns/pF) CL 

60 120 ns 10ns+(1,0ns/pF)CL 
30 60 ns j 9 ns + (0,42 ns/pF) CL 
20 40 ns I 6 ns + (0,28 ns/pF) CL 

60 120 ns I 10 ns + (1,0 ns/pF) CL 

20 40 ns 6 ns + (0,28 ns/pF) CL 
30 60 ns~ns + (0,42 ns/pF) CL 

___ _,__ __ _.__ ____ ___, ----------

vDD 
v 

typical formula for P (µW) j 

Dynamic power 5 900 fi + ~(f0CL) x VDD 2 I 
dissipation per 10 4000 fi + ~ (f 0 C L) x V DD 2 1 

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
~(f0CL) =sum of outputs 
VDD =supply voltage (V) package (P) 15 10 900 fi + ~(f0CL) x VDD 2 j! 

'------------'-------'-------------J----------------' 



HEF40278 
flip-flops 

DUAL JK FLIP-FLOP 

The HEF4027B is a dual JK flip-flop which is edge-triggered and features indepedent set direct (Sol. 
clear direct (Col. clock (CP) inputs and outputs (0,0). Data is accepted when CP is LOW, and transferred 
tu the output on the positive-going edge of the clock. The active HIGH asynchronous clear-direct (Co) 
and set-direct (So) 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. 

9 

So1 
10 

J1 01 
15 

13 
CP1 FF 

11 
Kl 01 

14 

Co1 

12 

7 

So2 
6 J2 02 

3 CP2 FF 

5 
K2 62 

2 

Co2 

4 

7Z69532-1 

Fig. 1 Functional diagram. 

HEF4027B 

02 02 CP2 C02 K2 h 502 Vss 

7Z69494 

Fig. 2 Pinning diagram. 

FUNCTION TABLES 

inputs outputs 

So Co CP J K 0 0 
r----T-·---

H L XX X H L 
LHXXXLH 
HHXXXHH 

.-- ----.---
inputs outputs 

So Co CP J K On+ 1 On+1 
1--- T 

L L _f L L no change 
L L _f H L H L 
L L _f L H L H 
L L _f H H On On 

-
H =HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
f = positive-going transition 
On + 1 = state after clock positive transition 

PINNING 

J,K synchronous inputs 
CP clock input ( L to H edge-triggered) 
So asynchronous set-direct input (active HIGH) 
Co asynchronous clear-direct input (active HIGH) 
0 true output 
0 complement output 

HEF4027BP: 16-lead DI L; plastic (SOT-38Z). 
HEF4027BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4027BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

FAMILY DATA 
} see Family Specifications 

loo LIMITS category FLIP-FLOPS 

e Products approved to CECC 90 104-024. - ~(M:_~:_ 227 
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HEF40278 
flip-flops 

~---(>r-o 
.c 

K 

Co-+-------~-----+-----_._ _____ __, 
So-+--

~-----------------·--------,,.,1z=1s310.2 

CP~O-C 
1-::::J v l~--- c 

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

M•y1983 ~ 

6 



Dual JK flip-flop 

--------·-----· ·----------·--------
A.C. CHARACHTERISTICS 

Vss ~ 0 V; Tamb 0~ 25 °c; CL~ 50 pF; input transition times,;;;; 20 ns 
- --- -~-,----~----_____ .. ______ ,_,, __ _ 

IVr ' 
DD symbol min. typ. max. v 

Propagation delays 

CP - 0,0 
HIGH to LOW 

LOW to HIGH 

So -- 0 
LOW to HIGH 

Co·-- 0 
HIGH to LOW 

So-- 0 
HIGH to LOW 

Co _,.. 0 
LOW to HIGH 

Output transition 

HIGH to LOW 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

I tpHL 

tPLH 

I tPLH 

tpHL 

tPLH 

; I 'THL 

105 
40 
30 

85 
35 
30 

70 
30 
25 

120 
45 
35 

140 
55 
40 

75 
35 
25 

60 
30 
?O 

,: I 

LOW to HIGH 10 i' tTLH 
15 

60 
30 
20 

Set .. up time 
J, K ---... CP 1~ I tsu ig ~~ 

15 I 20 5 

Hold time 5 I 25 o 
J, K - CP 10 I thold 20 o 

Minimum clock 
1

: 
1

1 ~~ 4~ 
pulse width; LOW 10 twcPL 30 15 

15 I 24 12 

Minimum s0 , Co 5 I 90 45 

210 
80 
60 

170 
70 
60 

140 
60 
50 

240 
90 
70 

280 
110 
80 

150 
70 
50 

120 
60 

120 
60 
40 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 

J HEF40278 
flip-flops 

--------
typical extrapolation 

formula 

78 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22 ns + (0,16 ns/pF) CL 

58 ns + (0,55 ns/pF) CL 
27 ns + (0,23 ns/pF) CL 
22 ns + (0, 16 ns/pF) CL 

43 ns + (0,55 ns/pF) Ct 
19 ns + (0,23 ns/pF) CL 
17 ns + (0, 16 ns/pF) CL 

93 ns + (0,55 ns/pF) Ct 
33 ns + (0,23 ns/pF) CL 
27 ns + (0,16 ns/pF) CL 

113 ns+ {0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns + (0, 16 ns/pF) CL 

48 ns + (0,55 ns/pF) CL 
24 ns + (0,23 ns/pF) CL 
17 ns + {O, 16 ns/pF) CL 

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

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

see also waveforms 
Figs 4 and 5 

Recovery time 5 I t 20 -15 ns l pulse width; HIGHl~~ , ~~~~~ ~~ ~~ ~: 

__ for So. Co _ ~-~-1-~~~~ ~-~~--~~~-------- -~--:~---·--------------------------.. --~ 
229 
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flip-flops l __ _ HEF4027B 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pf; input transition times,,;;;; 20 ns 

---·-·--··-

Maximum clock 
pulse frequency 
J = K =HIGH 

Dynamic power 
dissipation per 
package (P) 

__ I ____ 
Voo symbol min typ max v 

-----·-~~ ··----"' --

5 4 8 MHz J see also waveforms 10 fmax 12 25 MHz 
Fig. 4 

15 15 30 MHz 
~-.-··~--··--

Voo . where 
V typical formula for P (µW) f · t f (MH ) i = inpu req. ,z 

--------------------------------! f 0 =output freq. (MHz) 

5 900 fi + L(f0 CL) x Voo 2 CL= load capacitance (pf) 
10 4500fi+ L(f0 CL) xVoo2 L(f0 CL)=sumofoutputs 
15 13200 fi + L(f0 CL) x Voo 2 Voo = supplyvoltage(V) 

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

---- 1/fmax ___ _ 

..-----... 1-- twcPL --- ----... 

CP INPUT 

-
J,K INPUT 

7Z69823-2 

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. 



D"'I JK fnp-flop J 
---

HEF40278 
flip-flops 

So INPUT 50% 

--twsoH --

7269577.2 

Fig. 5 Waveforms showing recovery times for So and Co; minimum So and Co pulse widths. 

APPLICATION INFORMATION 

Some examples of applications for the HEF4027B are: 

• Registers 

• Counters 

• Control circuits 

( Octob" 1980 231 





1-0F-10 DECODER 

HEF40288 
MSI 

The HEF4028B is a 4-bit BCD to 1-of-1_0 active HIGH decoder. A 1-2-4-8 BCD code applied to inputs 
Ao to A3 causes the selected output to be HIGH, the other nine wi!I 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 Ao, A1 and A2 
selecting an output o0 to o7. 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 (Oo to 07) demulti
plexer with A0 to A2 as address inputs and A3 as an active LOW data input. The outputs are fully 
buffered for best performance. 

10 13 12 11 

DECODER 

3 14 2 15 6 7 4 9 5 

Fig.1 Functional diagram. 
7273681.1 

HEF4028B 

04 0 2 0 0 0 7 0 9 0 5 0 6 V55 

7Z6949S 

Fig.2 Pinning diagram 

HEF4028BP: 16-lead DIL;plastic (SOT-38Z). 
HEF4028BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4028BT: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PINNING 

Ao to A3 
o0 to o9 

address inputs, 1-2-4-8 BCD 

outputs (active HIGH) 

FAMILY DATA } 
see Family Specifications 

loo LIMITS category MSI 

~ Products approved to CECC 90 104-025. 233 



234 

HEf 40288 
MSI 

Fig. 3 Logic diagram. 

o-{>- o, 

Og 

7 Z69960.2 



1-of-10 decoder J HEF4028B 
MSI 

TRUTH TABLE 

c- inputs outputs 

~- A'__~1·· Ao Oo o, 02 03 04 05 05 07 Og Og 
----

L L L H L L L L L L L L L 
L L H L H L L L L L L L L 

L L H L L L H ' L L L L L L L 

L L H H L L L H L L L L L L 
L H L L L L L L H L L L L L 
L H L H L L L L L H L L L L 
L H H L L L L L L L H L L L 
L H H H L L L L L L L H L L 
H L L L L L L L L L L L H L 
H L L H L L L L L L L L L H 

H L H L L L L L L L L L L 

tL ' H L H H L L L L L L L L L u ~ ~ ~ L L L L L L L L L 
L L L L L L L L L 

c 11 
H H L L L L L L L L L L 
H H H L L L L L L L L L L J 

----~-~--~- -----------------·-

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

* Extraordinary states. 

235 



HEF40288 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times.;; 20 ns 
.-----------------------~------------··-·----, 

Propagation delays 

An-on 
HIGH to LOW 

LOW to HIGH 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

Voo 
v 

5 
10 
15 

5 
10 
15 

symbol typ. max. 

100 200 ns 
40 80 ns 
30 60 ns 

90 180 ns 
40 80 ns 
30 60 ns 

typical extrapolation 
formula 

73 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22ns+(0,16ns/pF) CL 

63 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22ns+(0,16ns/pF) CL 

5 60 120 ns 10 ns+ (1,0 ns/pF) CL 
10 tTHL 30 60 ns 9ns+(0,42ns/pF) CL J 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
10 tTLH 30 60 ns 9ns+(0,42ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL j 
~--------,___15 __ _._ ___ _,_ __ 20 ____ 4_o __ n_s_,_ ___ 6_n_s_+_(_o __ ,2_8_n_s_IP_F_J_c_L ______ _ 

Voo 
v 

Dynamic power 5 
dissipation per 10 
package (P) 15 

236 M•y 19831 

typical formula for P (µW) 

350 ti+ Z:(f0 CL) x v00 2 

2200 ti+ Z:(f0 CL) x v00 2 

7350 ti+ Z:(f0 CL) x v00 2 

where 
fi = input freq. (M::---1 
f 0 = outp 
CL= load 

ut freq. (MHz) I 
capacitance (pF) J 
sum of outputs 

pply voltage (V) 
Z:(foCL) = 
v00 = su 

--~-->-



Jl HEF4029B 
MSI 

'--------------------------··--~· ---·-· , _________ _ 
SYNCHRONOUS UP /DOWN COUl\ITER, 

BINARY /DECADE COUNTER 

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 con<roi input (UP/ON). a 
binary/decade control input (BIN/DEC). an overriding asynchronous active HIGH parallel load input 
(PL), four parallel data inputs (Po to P3l. four parallel buffered outputs (Oo to 03) and an active LOW 
terminal count output (TC). 

Information on Po 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 Ci~ 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 i~ LOW. 

4 12 13 3 

-'-1 +-'PL=------1 PARALLEL LOAD CIRCUITRY 
15 CP 

s EE 

9 BIN/DEC 
COUNTER 

10 UP/ON, 

7273683.3 6 11 14 

Fig. 1 Functional diagram. 

PINNING 

PL par(!llel load input 

Po to P3 parallel data inputs 

Bl NIDEC binary/decade control input 

UP/D~.. up/down control. input 

CE count enable input (active LOW) 

re !. 
7Z73682.1 

Fig. 2 Pinning diagrarc1,. 

HEF4029BP: 16-lead DIL;plastic (SOT-3BZ). 
HEF4029BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4029BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

CP cl?ck input (LOW to HIGH, edge triggered) 

Oo to 03 buffered parallel outputs 

TC terminal count output (active LOW) 

FAMILY DATA 

) see Fami.ly Specifications 
loo LIMITS category MSI 

. G · Products <!pp roved to CECC 90 1 Q4,026, 237 



- _J HEF40298 
MSI 

PL-t>~.o----------+•: 
CP-t>~ 

l)_"..1-t> 
DN 

238 Oct~,,,,, ... ~ 

..---------+d 
t------------1--------lf---------+e 

J0-+--+-----+--------+9 
..----+--------+h 

.-+-+-+-----;r---------+k 

t---------1 
.....---r--------+m 
~-1---------+n 

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



Synchronous up/down counter, binary/decade counter HEF40298 

Po P1 P2 

b 

d r r r 

g__._~~~~~~+----~~~~~~~~-+--+-~--' 

h__._~~~~~~+----~~~~~~~~-+--+-~~~~~~---11-+~~-' 

k__._~~~~~~+----~~~~~~~~-+-~ 

MSI 

I -+-----·~~~~+-~~~~~~~~-+--+-~~~~~~~t-----j~~~~~~~-+-~ 
m__._~~~~~~+-~~~~~~~~--+--+-~~~~~~--<f---+~~~~~~~~ 

7 
Oz 

7275388 

Fig. 3b Logic diagram (continued from Fig. 3a). 
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HEF40298 
MSI 

FUNCTION TABLE 

PL BIN/DEC 

H x 
L x 
L L 
L L 
L H 
L H 

UP/DN 

x 
x 
L 
H 
L 
H 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X =state is immaterial 
_{ = positive-going clock pulse edge 

240 Ootoboc 1980 J 

CE CP mode 

x x parallel load (Pn - Onl 
H x no change 
L _{ count-down, decade 
L _[ count-up, decade 
L _[ count-down, binary 
L _[ count-up, binary 



Synchronous up/down counter, binary/decade counter 

li _. 
~ 
-- count up ---- count down 7259515 

Fig. 4 State diagram; BIN/DEC= LOW. 

-- count up - - - - count down 7259575 

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

Logic equation for terminal count: 

TC= CE (BIN/DEC·UP/DN·Oo·01 ·02·03 + BIN/DEC·UP/DN·Oo·01 ·02·03 + 

BIN/DEC·UP/DN ·Oo·03 + BIN/DEC·UP/DN ·Oo·01 ·02·03) 

HEf 40298 
MSI 

(October 1980 241 



HEF40298 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; input transition times.;;;; 20 ns 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 1000 fi + ~(f0CLl x v002 CL= load capacitance (pF) 
dissipation per 10 4500 fi + ~(f0CLl x v002 ~(f0CL) =sum of outputs 
package (P) 15 11 500 fi + ~(f0CL) x v002 Voo =supply voltage (V) 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times.;;;; 20 ns 

Propagation delays 

CP - On 
HIGH to LOW 

LOW to HIGH 

CP - TC 
HIGH to LOW 

LOW to HIGH 

PL - On 
HIGH to LOW 

LOW to HIGH 

CE ---..... TC 
HIGH to LOW 

LOW to HIGH 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

242 May 19831 

Voo 
v 

5 

symbol 

10 tPHL 
15 

5 
10 tpLH 
15 

5 
10 tPHL 
15 

5 
10 tPLH 
15 

5 
10 tPHL 
15 

5 
10 tPLH 
15 

5 
10 tPHL 
15 

5 
10 tPLH 
15 

5 
10 tTHL 
15 

5 
10 tTLH 
15 

min. typ. max. 
typical extrapolation 

formula 

145 290 ns 118ns+(0,55ns/pF)CL 
55 110 ns 44 ns + (0,23 ns/pF) CL 
40 75 ns 32ns+(0,16ns/pF)CL 

160 315 ns 133ns+(0,55ns/pF)CL 
60 120 ns 49 ns + (0,23 ns/pF) CL 
40 80 ns 32ns+(0,16ns/pF)CL 

280 560 ns 253 ns + (0,55 ns/pF) CL 
105 205 ns 94 ns + (0,23 ns/pF) CL 
70 140 ns 62ns+(0,16ns/pF)CL 

195 385 ns 168 ns + (0,55 ns/pF) CL 
75 150 ns 64 ns + (0,23 ns/pF) CL 
55 105 ns 47 ns + (0,16 ns/pF) CL I 

120 240 ns 93 ns + (0,55 ns/pF) CL 
50 100 ns 39 ns + (0,23 ns/pF) CL 
35 70 ns 27 ns + (0,16 ns/pF) CL 

170 335 ns 143ns+(0,55ns/pF)CL 
65 130 ns 54 ns + (0,23 ns/pF) CL 
45 90 ns 37 ns + (0, 16 ns/pF) CL 

180 360 ns 153 ns + (0,55 ns/pF) CL 
70 140 ns 59 ns + (0,23 ns/pF) CL 
50 100 ns 42 ns + (0, 16 ns/pF) CL 

170 335 ns 143 ns + (0,55 ns/pF) CL 
65 135 ns 54 ns + (0,23 ns/pF) CL 
50 100 ns 42ns+(0,16ns/pF)CL 

60 120 ns 
30 60 ns 
20 40 ns 

60 120 ns 
30 60 ns 
20 40 ns 

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

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



Synchronous up/down counter, binary/decade counter _J L HEF4029B 

---------------------------- -· ---- - MS_I --- --- -- . _ - -

A.C. CHARACTERISTICS 

Vss = 0 V; T amb ~ 25 °c; CL'" 50 pF; input transition times~ 20 ns 

1:~ "~,,--- r:~~mbol i~ -::------m-_a_x 

I pul5e width; LOW 1 1 o I twcPL j 3'5 '.'Cl 
ns 

ns 
1 ~ I l ;6?05 81 05 

Minimum PL ._, ns 
ns 
ns 

pulse width; HIGH 10 'I tWPLH 55 25 
15 I 35 15 

Recovery time 
for PL 

Set-up times 

BIN/DEC --- CP 

UP/bN - CP 

CE--. CP 

Pn -- PL 

Hold times 
BIN/DEC _,.. CP 

5 150 ",'') 

;~ II tRPL ~~ ;~ 
5 270 i35 

10 Ii tsu 90 45 
15 60 30 

5 
10 
15 

5 
10 
15 

5 

10 I tsu 
15 . 

5 
10 tho Id 
15 

300 
105 
75 

120 
45 
35 

70 
20 
10 

150 
!"i5 
35 

60 
25 
20 

3!5 
10 

5 

45 --90 
15 -30 
10 --20 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
115 

ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

5 15 -135 ns 
UP/ON -- CP 10 thold 0 -50 ns 

15 --5 -35 ns 

5 30 -30 ns 
1
1 

CE --- CP 10 thold 10 -10 ns 
15 5 -10 ns I 

I 
5 15 -20 ns \ 

15 0 -5 ns I 

pulse frequency 10 fmax 12 25 MHz I 
15 18 35 MHzj 

st~e al·~o 11vaveforrns 
Figs 6 ond "l 

Pn - PL 1u0hold 0 -10 ns , 

lMaximum clock j 5 J 4 8 MHz I 

________________ ., ______ --- ~ -- ------~-----J.- ----·--------------
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HEF4029B 
MSI 

CP INPUT 

CE INPUT 

BIN /DEC INPUT 

UP/ON INPUT 

50°/o 

--twcPL-

-tsu---thold-- tsu--4-'-thold- 'IZ?3BlB.1 

Fig. 6 Waveforms showing minimum pulse width for CP, set-up and hold times for CE tci CP, Bl N/DEC
to CP and UP/Di'ii to CP. Set-up and hold times are shown as positive values but may be specified as 
negative values. 

CP INPUT 

PL INPUT 

Pn INPUT 

7Z73817.1 

Fig. 7 Waveforms showing minimum pulse width for PL, recovery time for PL, and set-up and hold 
times for Pn to PL. Set-up and hold times are shown as positive values but may be specified as 
negative values. 
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UP/ON 

BIN/DEC 

PL 

Po 
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P2 
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Oo 

01 
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Fig. 8 Timing diagram; decade mode; Po= LOW; P3 =LOW; BIN/DEC= LOW . 
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CP 

CE 

~ I UP/DN 
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PL 
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P3 

Oo 

01 

02 

03 

TC 

count 
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7Z85127 

Fig. 9 Timing diagram; binary mode; Po= HIGH; P1 =LOW; BIN/DEC= HIGH. 
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Synchronous up/down counter, binary /decade counter 

APPLICATION INFORMATION 

Some examples of applications for the HEF4029B are: 

HEF4029B 
MSI 

• 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 247 
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APPLICATION INFORMATION (continued) 

up/down 
preset 
enable 

I UP/ON PL Po P1 P2 P3 

CE HEF4029B TC HEF4029B HEF4029B 
,,, 1s1N/OEC CP Oo 01 02 03 

I I t t t 
clock 

binary/ 
decade 7Z85131 

Fig. 10 Example of parallel clocking when cascading HEF4029B I Cs. 

up/down----r--------------;--------------<i,__ __________ ...,. 

preset----f-----<r-~----------t---r-------------f----.------======::: 
enable 

UP/ON PL Po P1 P2 P3 
- -
CE HEF4029B TC HEF4029B HEF4029B 

BIN/DEC CP Oo 01 02 03 

clock ----t----
bi nary/~---+---------------.__ ____________ _. ___________ + 
decade 

Note 

7Z85130 

Fig. 11 Example of ripple clocking when cascading HEF4029B ICs. Ripple clocking mode: the up/down control can be 
changed at any count; the only restriction on changing the up/down control is that the clock input to the first counting 
stage must be HIGH. 

TC lines at all stages after the first may have a negative-going glitch pulse resulting from differential delays of different HEF4029B I Cs. These 
negative-going glitches do not affect proper HE F4029B operation; however if the TC signals are used to trigger other edge-sensitive logic devices, 
such as flip-flops or counters, the TC signals should be gated with the clock signal using a 2-input OR gate such as HEF4071B. 

I 
m ,, 

s: .i::.. 
5!? 0 

I\) 
<.O 
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HEF4030B 
gates 

QUADRUPLE EXCLUSIVE-OR GATE 

The HEF4030B provides the positive quadruple exclusive-OR function. The outputs are fully 
buffered for highest noise immunity and pattern insensitivity of output impedance. 

1 r, o, 
12 

3 
2 

5 13 
02 

Ii. 
4 

6 

B !5 
03 

Is 
10 

9 

12 17 
04 

Is 
11 

13 

7269549 

Fig. 1 Functional diagram. 

I 1 -t> 

Fig. 3 Logic diagram (one gate). 

HEF4030B 

7269496 

Fig. 2 Pinning diagram. 

HEF4030BP: 14-lead DI L; plastic (SOT-27K, M, T). 
HE F4030BD: 14-lead DI L; ceramic (cerdip) (SOT-73). 
HEF4030BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

TRUTH TABLE 

I 1 12 01 

L L L 
H L H 
L H H 
H H L 

FAMILY DATA 
1 see Family Specifications 
J 

H =HIGH state (the more 
positive voltage) 

L = LOW state (the less 
positive voltage) lpo LIMITS category GATES 

~ Products approved to CECC 90 104-027. l (May 1983 249 



HEF4030B 
gates 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times~ 20 ns 

Voo symbol typ. max. 
typical extrapolation 

v formula 

Propagation delays 

In-On 5 85 175 ns 57 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tpHL 35 75 ns 24 ns + (0,23 ns/pF) CL 

15 30 55 ns 22ns+(~16n~pF)CL 

5 75 150 ns 47 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 30 65 ns 19 ns + (0,23 ns/pF) CL 

15 25 50 ns 17 ns+ (0,16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

r where 
1 Voo typical formula for P (µW) v fi =input freq. (MHz) 

f0 =output freq. (MHz) 
Dynamic power 5 1100 fi + L(foCL) x Voo2 CL= load capacitance (pF) 

dissipation per 10 ~+ L(foCL) x Voo2 L(f0CLl =sum of outputs 
package (P) 15 + L(f0CU x v 002 Voo =supply voltage (V) 

250 Moy 19831 



64-STAGE STATIC SHIFT REGISTER 

HEF40318 
MSI 

The HEF40318 is an edge-triggered 64~stage static shift register with two serial data inputs (DA, Ds), a 
data select input A/B, a clock input (CP), a buffered clock output (CO), and buffered outputs from the 
64th bit position (053, 053). The output 053 is capable of driving one TTL load. 

Data from DA or Ds, 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. DA is selected by a LOW, and Ds by a HIGH on 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 053 of the most right-hand register until the most left-hand 
register is clocked. 

10 

A/B 

2 CP 

64-STAGE 

STATIC SHI FT 

REGISTER 

co 9 

7Z69534.2 

Fig. 1 Functional diagram. 

DA n.c. n.c. n.c. 

HEF4031B 

CP n.c. n.c. n.c. 053 053 Vss 

7Z69497.1 

Fig. 2 Pinning diagram. 

PINNING 

DA, Ds 

A/B 

CP 

co 
053 

053 

HEF4031 BP: 16-lead DI L; plastic (SOT-38Z). 
HEF4031BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4031 BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

data inputs 

data select input 

clock input (LOW to HIGH edge-triggered) 

buffered clock output 

buffered output from the 64th stage 

complementary buffered output from 
the 64th stage 

FAMILY DATA 
J see Family Specifications. 

loo LIMITS category MSI 

G Products approved to CECC 90 104-028. 251 
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HEF4031B 
MSI l ___ _ 

A/B-t> 
D 0 

CP FF 
1 

D 0 

CP FF 
64 

CP-t>~~~~~~ CO 

L-t> 7Z69824.1 

D.C. CHARACTERISTICS 

V55 = 0 V; V1 = Vss or Voo 

Voo VoH 
v v 

Output (source) 5 4,6 
current 10 9,5 
HIGH;053 15 13,5 

HIGH; 053 5 2,5 

Output (sink) 4,75 
current 10 
LOW;053 15 

Mov1983 I 

Fig. 3 Logic diagram. 

Vol 
Tamb (OC) 

v symbol -40 + 25 +85 
min. max. min. max. min. max. 

1,0 0,85 0,65 mA 
-loH 3,0 2,5 2,0 mA 

10,0 8,5 6,5 mA 

-loH 3,0 2,5 2,0 mA 

0,4 2,7 2,3 1,8 mA 
0,5 loL 9,5 8,0 6,3 mA 
1,5 24,0 20,0 16,0 mA 



64 stage static shift register 

A.C. CHARACTERISTICS 

HEF40318 
MSI 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times,;;;; 20 ns 

~'ie'~;~~~,; ~T~ 1 ·~m~r;; :~o ~:~ ,,-+-1-6-:'-~:~,,~~~::,~-·~-L-
HIG H to LOW 10 trHL 65 130ns 57ns+(0,16ns/pF)CL 

15 45 90 ns 40 ns + (0, 11 ns/pF) CL 

5 170 340 ns 148ns+(0,45ns/pF)CL 
LOWtoHIGH 10 tpL_H 65 130ns 56ns+(0,19ns/pF)CL 

CP - 063 
HIGH to LOW 

LOW to HIGH 

CP ---+- CO 
HIGH to LOW 

LOW to HIGH 

Output transition 
times; 063 

HIGH to LOW 

LOW to HIGH 

Output transition 
times; 063· CO 

HIGH to LOW 

LOW to HIGH 

15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

trHL 

tpL_H 

45 90 ns 

190 380 ns 
75 150 ns 
50 100 ns 

190 380 ns 
75 150 ns 
50 100 ns 

70 140 ns 
35 70 ns 
25 50 ns 

55 110 ns 
30 60 ns 
25 50 ns 

25 50 ns 
12 24 ns 
8 16 ns 

40 80 ns 
20 40 ns 
13 26 ns 

60 120 ns 
30 60 ns 
20 40 ns 

60 120 ns 
30 60 ns 
20 40 ns 

39 ns + (0, 13 ns/pF) CL 

163 ns + (0,55 ns/pF) CL 
64 ns + (0,23 ns/pF) CL 
42ns+(~16n~pF)CL 

163 ns + (0,55 ns/pF) CL 
64 ns + (0,23 ns/pF) CL 
42 ns + (0,16 ns/pF) CL 

43 ns + (0,55 ns/pF) CL 
24 ns + (0,23 ns/pF) CL 
17 ns t (0,16 ns/pF) CL 

28 ns + (0,55 ns/pF) CL 
19 ns + (0,23 ns/pF) CL 
17 ns + (0, 16 ns/pF) CL 

5 ns + (0,40 ns/pF) CL 
3 ns + (0, 18 ns/pF) CL 
2 ns + (0,13 ns/pF) CL 

8 ns + (0,65 ns/pF) CL 
5 ns + (0,30 ns/pF) CL 
3 ns + (0,20 ns/pF) CL 

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

10 ns + (1,0 ns/pF) CL 
9 ns + (0,42 ns/pF) CL 
6 ns + (0,28 ns/pF) CL 
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HEF40318 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times.;;;; 20 ns 

Voo 
v symbol min. typ. 

t-----~-~~~~-+---~-<--~~~~--

Se t -up times 

DA, Ds - CP 

A/B -- CP 

Hold times 

DA, Ds - CP 

A/B - CP 

Minimum clock 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

25 0 
25 --5 
10 -10 

30 10 
15 0 
10 -5 

40 10 
40 10 

10 

40 10 
40 10 
40 10 

max. 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

pulse width; 5 180 90 ns 
LOW 10 twcPL 70 35 ns 

Maximum clock 11:b· 2~~ 2
: :Hz 

pulsefrequency 10 fmax I 7 14 MHz 
15 L10 20 MHz 

!c------- ------ - - --- ----- --- - --

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; input transition times~ 20 ns 

typical extrapolation 
formula 

see also waveforms 
Fig. 4 



64-stage static shift register 

CPINPUT 

50% 

A/B INPUT 50% 

50% 

-

7Z74595 

HEF40318 
MSI 

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

APPLICATION INFORMATION 

An example of an application for the HEF4031B is: 

• Serial shift register. 

255 
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APPLICATION INFORMATION 

vDD 

b data _jDA 0531-----1 
~ ~A/B HEF4031B HEF4031B HEF4031B HEF4031B 

output 

(1) 
D9 CP 

,,, ,,, ,,, 
cl~ driver--+-----<1.,.._ __________ ....._ __________ +------

7Z84278 

(1) Recirculating input. 
(2) Mode control: VDD = recirculation; ground (Vss) = new data. 

Fig. 5 Cascading using direct clocking for high speed operation (see clock rise and fall time requirements). 

vDD 

! ~ata DA 053 
A/B HEF4031B 

(2) D 
(1) B CO CP 

HEF4031B HEF4031 B HEF4031B 

output 

,,, ,,, ,,, 
clock 

.__--4-- driver 

D 0 

FF (3) I (1/2 HEF4013B) 
(4) 4 ' ICP 

(1) Recirculating input. 
(2) Mode control: VDD = recirculation; ground (Vssl = new data. 
(3) For recirculation mode only, FF to delay data until first register delayed clocking has occurred. 
(4) Delayed clock-to-clock; new data into first register. 

Fig. 6 Cascading using delayed clocking for reduced clock drive requirements. 

7Z84277 
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HEF40358 
MSI 

4-BIT UNIVERSAL SHIFT REGISTER 

The HEF4035B is a fully synchronous edge-triggered 4-bit shift register with a clock input (CP), four 
synchronous parallel data inputs (Po to P3). two synchronous serial data inputs (J, K). a synchronous 
parallel enable input (PE). buffered parallel outputs from all 4-bit positions (Oo to 03), a true/comp
lement input (T/C) and an overriding asynchronous master reset input (MR). 
Each register is of a D-type master-slave flip-flop. 

Operation is synchronous (except for MR) and is edge-triggered on the LOW to t-11 G H transition of the 
CP input. When PE is HIGH, data is loaded into the register from Po to P3 on the LOW to HIGH 
transition of CP. 

When PE is LOW, data is shifted into the first register position from J and K and all the data in the 
register is shifted one position to the right on the LOW to HIGH transition of CP. D-type entry is 
obtained by interconnecting J and K. When J = HIGH and K = LOW the first stage is in the toggle mode. 
When J = LOW and K = HIGH the first stage is in the hold mode. 

The outputs (Oo to 03) are either inverting or non-inverting, depending on TIC state. With T/C HIGH, 
Oo to 03 are non-inverting (active HIGH) and when TIC is LOW, Oo to 03 are inverting (active LOW). 

A HIGH on MR resets all four bit positions (Oo to 03 =LOW if T/C =HIGH, Oo to 03 =HIGH if 
TIC= LOW) independent of all other input conditions. 

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

9 10 11 12 

7 PE PARALLEL ENABLE Cl RCUITRY 

4 J 

3 i< 

6 CP D --"--+--+------------tcp o 
5 MR 

D1 D2 

SHIFT REGISTER 4-BITS 

2 T/C TRUE I COMPLEMENT Cl RCUITRY 

01 

7Z69535.3 15 14 13 

Fig. 1 Functional diagram. 
FAMILY DATA 

J see Family Specifications 
loo LIMITS category MSI 

G Products approved to CECC 90 104-029. 257 
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4-bit universal shift register 

HEF4035B 

0 0 T/C K J MR CP PE V55 

7Z69498 

Fig. 3 Pinning diagram. 

H EF4035BP : 16-lead DI L; plastic (SOT-38Z). 
HEF4035BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HEF403SBT: 16-lead mini-pack; plastic 

(S0-16; SOT-109Al. 

HEF4035B 
MSI 

PINNING 

PE 

Po to P3 

J 

parallel enable input 

parallel data inputs 

CP clock input (LOW to HIGH edge
triggered) 

R 
first stage J-input (active HIGH) 

first stage K-input (active LOW) 

FUNCTION TABLES 

Se.rial operation first stage 

TIC 
MR 

o0 to o3 

true/complement input 

master reset input 

buffered parallel outputs 

inputs output 
mode of operation 

CP J R MR 00+1 

..r H H L H D flip-flop 

..r L L L L D flip-flop 

J H L L Do toggle 

..r L H L Oo no change 

x x x H L reset 

Parallel operation 
--

inputs outputs 
CP 

Po P1 P2 P3 Oo 01 02 03 

f" H H H H H H H H 
.r L L L L L L L L 

.F = positive-going transition 
H =HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 

TIC= HIGH; PE= LOW 

TIC= HIGH; PE= HIGH; MR= LOW 

( ~1983 259 



HEF4035B 
MSI l ___ _ 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times,,,;;; 20 ns 

Voo symbol min. typ. max. 
typical extrapolation 

v formula 

Propagation delays 
cP-on 5 170 340 ns 143 ns + (0,55 ns/pF) Ct. 

HIGH to LOW 10 tPHL 70 140 ns 59 ns + (0,23 ns/pF) CL 
15 50 100 ns 42 ns + (0, 16 ns/pF) CL 

5 150 300 ns 123 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 65 130 ns 54 ns + (0,23 ns/pF) CL 

15 50 100 ns 42 ns + (0, 16 ns/pF) CL 

MR -on 5 115 230 ns 88 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 50 100 ns 39 ns + (0,23 ns/pF) CL 

15 40 80 ns 32 ns + (0, 16 ns/pF) CL 

5 115 230 ns 88 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 50 100 ns 39 ns + (0,23 ns/pF) CL 

15 40 80 ns 32 ns + (0, 16 ns/pF) CL 

TIC- On 5 105 210 ns 78ns+(~55n~pF)CL 
HIGH to LOW 10 tPHL 50 100 ns 39 ns + (0,23 ns/pF) CL 

15 35 70 ns 27 ns + (0,16 ns/pF) CL 

5 85 170 ns 58 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 45 90 ns 34 ns + (0,23 ns/pF) CL 

15 35 70 ns 27 ns + (0, 16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

.. ·--·-·-· ·--'--· 
_ __J 
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4-bit universal shift register 

A.C. CHARACTERISTICS 

HEF40358 
MSI 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times~ 20 ns 

r·---------------

Voo 
v 

Minimum clock 5 
pulse width; LOW 10 

15 

Minimum MR 5 
pulse width; HIGH 10 

15 

' Recovery time 5 
for MR 10 

15 

Set-up times 5 

I 
Pn- CP 10 

15 

5 
PE-CP 10 

15 

5 

J, R - CP 10 
15 

Hold times 5 
Pn- CP 10 

15 

5 

PE --- CP 10 
15 

5 
-

J, K - CP 10 
15 

Maximum clock 5 
pulse frequency 10 

15 

Voo 
v 

Dynamic power 5 
dissipation per 10 
package (P) 15 

symbol min. 

80 

twcPL 40 
30 

50 

twMRH 30 
20 

50 

tRMR 40 
25 

40 

tsu 25 
15 

50 

tsu 35 
30 

55 

tsu 35 
25 

I 
25 

tho Id 20 
20 

15 

tho Id 10 
5 

10 
tho Id 10 

10 

5 

fmax 12 
15 

~-

----~·-·-

typ. 

40 
20 
15 

25 
15 
10 

20 
15 
10 

5 
0 
0 

25 
15 
10 

40 
15 
10 

10 
10 
10 

-5 
-5 
-5 

-5 
0 
0 

10 
25 
30 

max. 

ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 

ns 
ns 
ns 

:: 1 I 

see also waveforms 
Figs 4 and 5 

MHz 'i· 

MHz 

. -----~~~~J __________ _ 
-------------·--.---------------, 

typical formula for P (µW) 
where 
fi = input freq. (MHz) 

-·--- f0 =output freq. (MHz) 

1 000 ti+ L(foCLl x Voo 2 CL"" load cap. (pF) 
6000 ti+ L(foCL) x Voo 2 L (f0 CL) =sum of outputs 

20000 ti+ L(foCL) x Voo 2 Voo =supply voltage (V) 
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+--twcPL__. 

CP INPUT 

!+-tsu-+I thold 1- -+1 tsu 1+-thold -+1 

PE INPUT 

Pn INPUT 

J or K INPUT 

7Z69636.1 

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

I m .,, 
s: ~ 
~o 

w 
01 
CXJ 



4-bit universal shift register 

CP INPUT 50°/o 

HEF40358 
MSI 

MR INPUT 

1--tWMRH___.ltRMR .__ 

_ ___.f 50% \'-----50% __ _ 

7 z 69633.1 

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

APPLICATION INFORMATION 

Some examples of applications for the HEF4035B are: 

• Counters, registers, arithmetic-unit registers, shift-left/shift-right registers. 

• Serial-to-parallel/parallel-to-serial conversions. 

• Sequence generation. 

• Control circuits. 

• Code conversion. 

left shift 
serial input 

Yoo 

right shift 
serial input 

reset 

clock 

left/right 
shift select 

1 
Yoo o, 02 03 P3 P2 P1 Po 

HEF4035B 

Oo TIC K J MR CP PE Yss 

LJ I 

7Z84281 

Fig. 6 Shift-left/shift-right register. 

Oo left shift 
serial output 

o, 
02 

03 right shift 
serial output 
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12-ST AGE BINARY COUNTER 

HEF40408 
MSI 

The HE F4040B is a 12-stage binary ripple counter with a clock input ( CP), an overriding asynchronous 
master reset input (MR) and twelve fully buffered outputs (Oo to 011). The counter advances on the 
HIGH to LOW transition of CP. A HIGH on MR clears al I counter stages and forces all outputs LOW, 
independent of CP. Each counter stage is a static toggle flip-flop. Schmitt-trigger action in the clock 
input makes the circuit highly tolerant to slower clock rise and fall times. 

10 Cr 
T 

12-STAGE COUNTER 
11 MR 

Co 

Oo o1 Og 010 011 

9 7 6 5 3 2 4 13 12 14 15 1 
7Z69536.3 

Fig. 1 Functional diagram. 

HEF4040B HEF4040BP: 16-lead DI L; plastic (SOT-38Z); 
HEF4040BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HEF4040BT: 16-lead mini-pack; plastic 

7Z69499 (S0-16; SOT-109A). 

Fig. 2 Pinning diagram. 

PINNING 

CP clock input (HIGH to LOW edge-triggered) 

MR master reset input (active HIGH) 

Oo to 011 parallel outputs 

APPLICATION INFORMATION 

Some examples of applications for the HEF4040B are: 

• Frequency dividing circuits 
• Time delay circuits 
• Control counters 

FAMILY DATA 
) see Family Specifications 

loo LIMITS category MSI 

G Products approved to CECC 90 104-030. 265 



HEf 40408 
MSI 

CP 

0 

T FF 
1 

0 
Co 

FF 
2 

MR--t>u----~-+----o---+-

Fig. 3 Logic diagram. 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times,,;; 20 ns 

Voo symbol min. typ. max. v 

Propagation delays 
CP -oo 5 105 210 ns 

HIGH to LOW 10 tPHL 45 90 ns 
15 35 70 ns 

5 85 170 ns 
LOW to HIGH 10 tPLH 40 80 ns 

15 30 60 ns - On - On+ 1 5 35 70 ns - HIGH to LOW 10 tPHL 15 30 ns -- 15 10 20 ns 

5 35 70 ns 
LOW to HIGH 10 tPLH 15 30 ns 

15 10 20 ns 

MR-On 5 90 180 ns 
HIGH to LOW 10 1PHL 40 80 ns 

15 30 60 ns 

Output transition 
times 5 60 120 ns 

I HIGH to LOW 10 tTHL 30 60 ns 

l_LOW to HIGH 

15 20 40 ns 

5 60 120 ns 
10 tTLH 30 60 ns 
15 20 40 ns 

Note 

For other loads than 50 pF at the nth output, use the slope given. 

266 

FF 
12 

7 Z69839.4 

typical extrapolation 
formula 

78 ns + (0,55 ns/pF) CL 
34 ns + {0,23 ns/pF) CL 
27 ns+ (0,16 ns/pF) CL 

I 
58ns+l~55n~pF)CLI 
29 ns + {0,23 ns/pF) CL 
22 ns+ (0,16 ns/pF) CL 

note {0,55 ns/pF) CL 
note (0,23 ns/pF) CL 
note (0,16 ns/pF) CL 

note {0,55 ns/pF) CL 
note (0,23 ns/pF) CL 
note (0, 16 ns/pF) CL 

63 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22 ns + (0,16 ns/pF) CL 

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

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



12-stage binary counter J HEf 40408 
MSI 

---
A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times,;;;; 20 ns 

Voo 
symbol min. typ. max. v 

Minimum clock 5 50 25 ns 
pulse width; HIGH 10 twcPH 30 15 ns 

15 20 10 ns 

Minimum MR 5 40 20 ns 
pulse width; HIGH 10 twMRH 30 15 ns 

15 20 10 ns see also waveforms 

Recovery time 5 40 20 ns Fig. 4 
for MR 10 tRMR 30 15 ns 

15 20 10 ns 

Maximum clock 5 10 20 MHz 
pulse frequency 10 fmax 15 30 MHz 

15 25 50 MHz 

I Voo typical formula for P (µW) 
where 

I _v fi =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 400 fi + ~(f0CLl x v002 CL= load cap. (pF) 
dissipation per 10 2000 fi + ~(f0CLl x Voo2 ~(f0CL) =sum of outputs 
package (P) 15 5 200 fi + ~(f0CLl x Voo2 Voo =supply voltage (V) 

MR INPUT 50% 

CP INPUT 

--twcPH 

tpHiL--

Do or On 
OUTPUT 50% 

-

7Z75389 

Fig. 4 Waveforms showing propagation delays for MR to On and CP to Oo, minimum MR and CP 
pulse widths. 

( M•y 1983 
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HEF4041B 
buffers 

QUADRUPLE TRUE/COMPLEMENT BUFFER 

The HE F4041 B is a quadruple true/complement buffer which provides both an inverted active LOW 
output (0) and a non-inverted active HIGH output (0) for each input (I). 
The buffers exhibit high current output capability suitable for driving TTL or high capacitive loads. 

o, 2 

01 1 

10 13 

13 14 

7Z75422.1 

Fig. 1 Functional diagram. 

APPLICATION INFORMATION 

HEF40418 

02 02 12 Yss 

7273684,1 

Fig. 2 Pinning diagram. 

HEF4041BP: 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4041BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HEF4041 BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

'1~0-:: 
7 z 13685.2 

Fig. 3 Logic diagram (one buffer). 

Some examples of applications for the HE F4041 Bare: 

• LOCMOS to DTL/TTL converter 

• High current sink and source driver 

FAMILYOATA l 
J see Family Specifications 

loo LIMITS category BUFFERS 

G Products approved to CECC 90 104-031. 269 



HEF40418 
buffers 

D.C. CHARACTERISTICS 

V SS = 0 V; VI = V SS or VD D 
- ,------------

Voo VoH Vol 
Tamb (DC) 

v v v symbol 
min. 

\----1-------

Output (source) current 5 4,6 1,6 
HIGH 10 9,5 -loH 4,5 

15 13,5 16,0 

HIGH 5 2,5 -loH 5,0 

Output (sink) current 4,75 0,4 2,0 
LOW 10 0,5 loL 7,5 

15 1,5 23,0 

-40 +25 
max. min. typ. 

1,3 2,6 
3,6 7,0 

14,0 30,0 

4,0 8,0 

1,7 4,0 
6,0 12,0 

20,0 35,0 

+85 
min. max. 

1,0 
2,7 

1 0,0 

3,0 

1,35 
4,5 

1 5,0 

mA 
mA 
mA 

mA 

mA 
mA 
mA 

L ____ 
------·---·--~------·-~----

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times.;;; 20 ns 
---- --~---~ 

Voo 
____________ v __ -+-s-y_m_b_ol--+-m-in_._t_YP_· __ m_ax. 

Propagation delays j 

In -on 5 30 
20 
15 

65 ns 
40 ns 
30 ns 

HIGH to LOW 10 
15 

5 
LOW to HIGH 10 

In -on 
HIGH to LOW 

LOW to HIGH 

Output transition 
times 
On-on 

HIGH to LOW 

15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

30 
15 
10 

35 
20 
15 

35 
20 
15 

25 
12 
8 

55 ns 
30 ns 
20 ns 

75 ns 
40 ns 
30 ns 

75 ns 
40 ns 
30 ns 

50 ns 
25 ns 
20 ns 

5 l 25 45 ns L LOW to HIGH 10 tTLH 12 25 ns 
15 8 20 ns 

_ _,_ ___ _t_____ ---·------

Voo typical formula for P (µW) v 

Dynamic power 5 3100 fi + L(foCL) x Voo2 

dissipation per 10 12 700 fi + L(foCL) x Voo2 

package (P) 15 33800 fi + L(foCL) x Voo2 

270 Doto"'' 1980 I 

typical extrapolation 
formula 

17 ns + (0,27 ns/pF) CL 
14 ns + (0, 11 ns/pF) CL 
12 ns + (0,08 ns/pF) CL 

17 ns + (0,27 ns/pF) CL 
9 ns + (0, 11 ns/pF) CL 
7 ns + (0,08 ns/pF) CL 

22 ns + (0,27 ns/pF) CL 
14 ns + (0, 11 ns/pF) CL 
12 ns + (0,08 ns/pF) CL 

22 ns + (0,27 ns/pF) CL 
14 ns + (0, 11 ns/pF) CL 
12 ns + (0,08 ns/pF) CL 

5 ns + (0,40 ns/pF) CL 

~ ~:: ~g:~~ ~:j~~: g~ ! 

5 ns + (0,40 ns/pF) Cu 
2 ns + (0,21 ns/pF) CL 
1 ns + (0,14 ns/pF) CL 

--
where 
fi = input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 



HEf 40428 
MSI 

QUADRUPLE D-LA TCH 

The HEF4042B is a 4-bit latch with four data inputs (Do to D3), four buffered latch outputs (Oo to 
03), four buffered complementary latch outputs (Oo to 03) and two common enable inputs ( Eo and 
E 1). Information on Do to D3 is transferred to Oo to 03 while both Eo and E 1 are in the same state, 
either HIGH or LOW. Oo to 03 follow Do to D3 as long as both Eo and Ei remain in the same state. 
When Eo and E 1 are different, Do to D3 do not affect Oo to 03 and the information in the latch is 
stored. 
Oo to 03 are always the complement of Oo to 03. The exclusive-OR input structure allows the choice 
of either polarity for Eo and Ei. With one enable input HIGH, the other enable input is active HIGH; 
with one enable input LOW, the other enable input is active LOW. 

4 Do 
--'-1---------tD 

Do 2 
0 

CP FF 
1 -

7 D1 

14 D3 

5 Eo 

- Do 3 
0 

FF 
2 

FF 
3 

FF 
4 

0 1 10 

o, 9 

7Z69550.3 

HEF4042B 

0 3 0 0 00 Do Ea El D1 Vss 

7269500 

Fig. 2 Pinning diagram. 

HEF4042BP: 16-lead DI L; plastic (SOT-382). 
HEF4042BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4042BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

PINNING 

Do to D3 data inputs 

Eo and E 1 enable inputs 

Do to 03 parallel latch outputs 

Cio to 03 complementary parallel latch outputs 

APPLICATION INFORMATION 

Some examples of applications for the 
HEF4042B are: 
• Buffer storage 
• Holding register 

Fig. 1 Functional diagram. 

FAMILYOATA } 
see Family Specifications 

loo LIMITS category MSI 

~ Products approved to CECC 90 104-032. 271 



HEF4042B 
MSI 

Do -t>l>----i D 0 

01-f> 

02-f> 

D3-t> 

Ea 

E1 

CP 
latch 

1 0 

latch 
2 

latch 
3 

latch 
4 

Fig. 3 Logic diagram. 

0- 0-0 

o-o, 

o-o, 

0- 02 

0-02 

0-03 

0- 03 

7Z69746.2 

Fig. 4 Logic diagram (one latch). 

FUNCTION TABLE 

Ea E1 output On 

L L Dn 
L H latched 
H L latched 
H H Dn 

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



Quadruple D-latch HEf 40428 
MSI 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times,:;;; 20 ns 

bol I mio ty~ :,, -1 typi" 1 1'.;',~~~l~i~;-~ Voo sym v 

Propagation delays 
o-o.o 5 95 190 ns 67 ns + (0,55 ns/pf) Ct_ 

HIGH to LOW 10 tpH L 40 80 ns 28ns+(0,23ns/pF-)CL 
15 30 55 ns 22ns+(0,16ns/pF)CL 

5 85 175 ns 57 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpL H 40 75 ns 28 ns + (0,23 ns/pF) CL 

15 30 60 ns 22 ns + (0, 16 ns/pF) CL 

E- 0,0 5 130 260 ns 102 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tpH L 50 105 ns 38 ns + (0,23 ns/pF) CL 

15 35 75 ns 27 ns + (0,16 ns/pF) CL 

5 120 245 ns 92 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpL H 50 105 ns 38 ns + (0,23 ns/pF) CL 

15 35 75 ns 27 ns+ (0,16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + ( 1,0 ns/pF) CL 

HIGH to LOW 10 tTH L 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + ( 1,0 ns/pF) CL 
LOW to HIGH 10 tTL H 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

Set-up time 5 30 10 ns 
o-E 10 tsu 20 5 ns 

15 20 5 ns 

Hold time 5 15 -5 ns see also waveforms 
o-E 10 tho Id 

15 

Minimum enable 5 
pulse width 10 twE 

15 

15 0 

~ [I~,,,,,'"', 15 0 ns 

90 45 ns 
40 20 ns 
30 15 ns 

- -

~--------~--~-------------------- ------------··----------~-

Voo 
v typical formula for P {W) 

l------------+------t------------

Dynamic power 
dissipation per 
package (P) 

5 3800 fi + L(foCL) x Voo 2 

10 15 700 fi + L{foCL) x Voo 2 

15 41100fi+L(f0 CL) xVoo 2 

where 
fi =input freq. {MHz) 
f 0 = oulput freq. (MHz) 
CL= load capacitance (pF) 
L(f0 C1J =sum ofoutputs 
Voo =supply voltage (V) 

~-------~---~----------~--- ---------- ---~-
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HEF40428 
MSI 

D INPUT 

E0 or E1 INPUT 

OUTPUT 

DINPUT 

OUTPUT 

\'-----_ 

7Z69745.1 

50°/o 

7Z6974li..1 

Fig. 5 Waveforms showing propagation delays for D to 0, with latch enabled. 

Note 

Either Eo or E1 is held HIGH or LOW while the other enable input is pulsed as the function table shows. 
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Quadruple D-latch 

E0 or E1 INPUT 

0 l~JPUT 

r------------------
1 
I 

50% 

7Z69743 

HEF40428 
MSI 

Fig. 6 Waveforms showing minimum enable pulse width, set-up time and hold time for E and D. 
Set-up and hold-times are shown as positive values but may be specified as negative values. 
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HEF40438 
MSI 

QUADRUPLE R/S LATCH WITH 3-STATE OUTPUTS 

The HEF4043B is a quadruple R/S latch with 3-state outputs with a common output enable input 
(EO). Each latch has an active HIGH set input (So to S3), an active HIGH reset input (Ro to R3) and 
an active HIGH 3-state output (Oo to 03). · 

When EO is HIGH, the state of the latch output (On) can be determined from the function table below. 
When EO is LOW, the latch outputs are in the high impedance OFF-state. EO does not affect the state 
of the latch. 

The high impedance off-state feature allows common busing of the outputs. 

FAMILY DATA 

loo LIMITS category MSI 
} 

see Family 
Specifications 

8 Products approved to CECC 90 104-033. 

7273686.2 

Fig. 2 Pinning diagram. 

HEF4043BP: 16-lead OIL; plastic (SOT-38Z). 
HEF4043BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4043BT: 16-lead mini-pack; plastic 

PINNING 

EO 

s0 to s3 

Ro to R3 

o0 to 03 

(S0-16; SOT-109A). 

common output enable input 

set inputs (active HIGH) 

reset inputs (active HIGH) 

3-state buffered latch outputs 

FUNCTION TABLE 

inputs output 

EO Sn Rn On 

L x x z 
H L H L 
H H x H 
H L L latched 

H =HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state immaterial 
Z = high impedance state 

l (May 1983 277 



HEf 40438 
MSI 

So---~ 

Ro 

s, 

R1 

S2 

R2 

S3 

R3 

EO 

s 

latch 
1 

R 

s 
latch 

2 

R 

s 
latch 

3 

R 

s 

latch 
4 

R 

7273759.3 

Fig. 3 Logic diagram. 

278 October 19801 
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7Z82341 

Fig. 4 Logic diagram (one latch). 
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Quadruple R/S latch with 3-state outputs 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times~ 20 ns 

Voo symbol min. typ. max. v 

i Propagation delays 
I Rn ---. Or. 5 90 180 ns 

I 
HIGH to LOW 10 tPHL 35 70 ns 

15 25 50 ns 

Sn -- On 5 65 135 ns 
LOW to HIGH 10 tPLH 25 50 ns 

15 15 35 ns 

Output transition 5 60 120 ns 

I 
times 10 tTHL 30 60 ns 

HIGH to LOW 15 20 40 ns 

5 60 120 ns 
LOW to HIGH 10 tTLH 30 60 ns 

15 20 40 ns 

3-state propagation 
delays 

Output disable times 

EO - On 5 45 90 ns 
HIGH 10 tpHz 20 35 ns 

15 10 25 ns 

5 50 100 ns 
LOW 10 tpLz 

I 

20 40 ns 
15 10 25 ns 

Output enable times 

EO - On 5 25 50 ns 
HIGH 10 tpzH 15 30 ns 

15 10 25 ns 

5 40 80 ns 
LOW 10 tpzL 20 45 ns 

15 15 35 ns 

Minimum Sn 5 30 15 ns 
pulse width; HIGH 10 twsH 20 10 ns 

15 16 8 ns 

Minimum Rn 5 30 15 ns 
pulse width; HIGH 10 tWRH 20 10 ns 

15 16 8 ns 

Voo typical formula for P (µW) v 

Dynamic power 5 1100 ti+ L(foCL) x Voo 2 

dissipation per 10 4400 fj + L(foCL) x Voo 2 

package (P) 15 11 400 ti+ L(foCL) x Voo 2 

I 
I 

I 

1 
j 

HEF4043B 
MSI 

typical extrapolation 
formula 

I 
63 ns + (0,55 ns/pF) CL 

I 24 ns + (0,23 ns/pF) CL 
17 ns + (0,16 ns/pF) CL 

38 ns + (0,55 ns/pF) CL 
14 ns + (0,23 ns/pF) CL 
7 ns + (0,16 ns/pG) CL 

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

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

see also waveforms 
Fig. 5 

where 
ti= input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 

------------ ·-· -.w 
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Sn INPUT 50% 

-twsH-

Rn INPUT 50% 

-twRH-

7Z73758. 1 

Fig. 5 Waveforms showing minimum Sn and Rn pulse widths. 

APPLICATION INFORMATION 

An example of application for the HEF4043B is: 

• Four-bit storage with output enable 
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QUADRUPLE R/S LATCH WITH 3-STATE OUTPUTS 

The HEF4044B is a quadruple R/S latch with 3-state outputs with a common output enable input 
(EO). Each latch has an active LOW set input (So to S3), ar1 adive LOW reset input CRo to R3) and an 
active HIGH 3-state output (Oo to 03). 

When EO is HIGH, the state of the latch output (On) can be determined from the function table below. 
When EO is LOW,"the latch outputs are in the high impedance OFF-state. EO does not affect the state 
of the latch. 
The high impedance off-state feature allows common busing of the outputs. 

501'1 3 
'-"I Do 13 

4 Ro,.,. 
I- i-----1 r-

'-" 

-
7 s11' 

'-" 01 9 

6 R11' 
t-- t--t---

'-" 

3-STATE 
- OUTPUTS 

11 S21' ....., 
02 ~ 

12 R2...I"\ 
t- t---

....., 

-
15 S31' 

'-" 03 i-1-
R3...I"\ 

I- r---
14 ....., 

5 EO J 
7273689.3 

Fig. 1 Functional diagram. 

FAMILY DATA 

loo LIMITS category MSI 

see Family 
Specifications 

~ Products approved to CECC 90 104-034. 

HEF4044B 

Fig. 2 Pinning diagram. 

HEF4044BP: 16-lead OIL; plastic (SOT-38Z). 
HEF4044BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4044BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A}. 

PINNING 

EO 

So to S3 
Ro to R3 

Do to 03 

common output enable input 

set inputs (active LOW) 

reset inputs (active LOW) 

3-state buffered latch outputs 

FUNCTION TABLE 

inputs 
output 

- -
EO Sn Rn On 

L x x z 
H L H H 
H x L L 
H H H latched 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X =state immaterial 
Z =high impedance OFF-state 
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Fig. 3 L 
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Quadruple R/S latch with 3-state outputs 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times,,:;; 20 ns 

Propagation delays 

Rn - On 
HIGH to LOW 

Sn - On 
LOW to HIGH 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

3-state propagation 
delays 

Output disable times 

EO - On 
HIGH 

LOW 

Output enable times 

EO - On 
HIGH 

LOW 

Minimum Sn 
pulse width; LOW 

Minimum Rn 
pulse width; LOW 

Dynamic power 
dissipation per 
package (P) 

Voo 
v 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

Voo 
v 

5 
10 
15 

symbol min. typ. max. 

90 185 
tPHL 40 80 

30 60 

90 180 

tPLH 40 80 
30 60 

60 120 

tTHL 30 60 
20 40 

60 120 

tTLH 30 60 
20 40 

50 100 
tpHz 30 60 

25 50 

30 60 
tpLz 25 45 

20 40 

50 100 
tpzH 25 50 

20 40 

50 95 
tpzL 25 45 

20 35 

30 15 

twsL 20 10 
16 8 

30 15 

twRL 20 10 
16 8 

typical formula for P (µW) 

1300 fj + L(foCL) x Voo 2 

5200 fi + L(foCL) x Voo 2 

12900 fi + L(foCL) x Voo 2 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

HEF40448 
MSI 

typical extrapolation 
formula 

63 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22 ns + (0, 16 ns/pF) CL 

63 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22 ns + (0, 16 ns/pF) CL 

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

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

see also waveforms 
Fig. 5 

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 
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Sn INPUT INPUT 

Fig. 5 Waveforms showing minimum and 

APPLICATION INFORMATION 

An example of application for the HEF4044B is: 

e Four-bit storage with output enable 

--·· . ·~--,--,-~ 
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PHASE-LOCKED LOOP 

The HE F4046B is a plia:_;e-locked loop ci 1·cu it that consists ot a linear voltage control led oscillator 

comparator input./\ 7 V regulator (zener) diode is provided for supply voltage regulation if necessary. 
For functional dc:;cription see further on in this data. 

PHASE 
COMPARATOR 1 

[ _ __(_~~] 
-' l\J 

--i::: __ 

14 
SIGN I N -··-i------- --1 

COMPll\J 3 

l!\IH 

Fig. 1 Functional diagram. 

HEF4046BP: 16-lcad DIL; plastic (SOT38Z). 
HEF4046BD: 16-lead DI L; ceramic (cf:rdip) (SOT-74). 
HEF4046BT: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

FA.Mil Y DATA.: see Family Specifications 

LIMITS category IV!S!· sen further on in this data .. 

Products approved to CECC 90 104-035. 

2 PC 1ouT 

ZENER 

LOW-PA.SS 
FILTER 

C2 

7Z73691.3 
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PCPouT 

PC1ouT 2 

COMP IN 3 

VCOouT 4 
HEF4046B 

INH 5 

C1A 

c1 8 

Vss 

7Z73690.1 

Fig. 2 Pinning diagram. 

FUNCTIONAL DESCRIPTION 

VCO part 

Voo 

ZENER 

SIGNIN 

13 PC2ouT 

12 R2 

11 R1 

10 SFouT 

9 VCOIN 

PINNING 

1. Phase comparator pulse output 
2. Phase comparator 1 output 
3. Comparator input 
4. VCO output 
5. Inhibit input 
6. Capacitor C1 connection A 
7. Capacitor C1 connection B 
a. Vss 
9. VCO input 
10. Source-follower output 
11. Resistor R 1 connection 
12. Resistor R2 connection 
13. Phase comparator 2 output 
14. Signal input 
15. Zener diode input for regulated supply. 

The VCO requires one external capacitor (C1) and one or two external resistors ( R1 or R 1 and R2). 
Resistor R1 and capacitor C1 determine the frequency range of the VCO. Resistor R2 enables the 
VCO to have a frequency off-set if required. The high input impedance of the VCO simplifies the 
design of low-pass filters; it permits the designer a wide choice of resistor/capacitor ranges. In order 
not to load the low-pass filter, a source-follower output of the VCO input voltage is provided at pin 10. 
If this pin (SFouTl is used, a load resistor (RsF) should be connected from this pin to Vss; if unused, 
this pin should be left open. The VCO output (pin 4) can either be connected directly to the compara
tor input (pin 3) or via a frequency divider. A LOW level at the inhibit input (pin 5) enables the VCO 
and the source follower, while a HIGH level turns off both to minimize stand-by power consumption. 

Phase comparators 

The phase-comparator signal input (pin 14) can be direct-coupled, provided the signal swing is between 
the standard HE4000B family input logic levels. The signal must be capacitively coupled to the self
biasing amplifier at the signal input in case of smaller swings. Phase comparator 1 is an EXCLUSIVE-OR 
network. The signal and comparator input frequencies must have a 50% duty factor to obtain the 
maximum lock range. The average output voltage of the phase comparator is equal to Y, Voo when 
there is no signal or noise at the signal input. The average voltage to the VCO input is supplied by the 
low-pass filter connected to the output of phase comparator 1. This also causes the VCO to oscillate 
at the centre frequency (f0 ). The frequency capture range (2 fcl is defined as the frequency range of 
input signals on which the PLL will lock if it was inititally out of lock. The frequency lock range (2 fl) 
is defined as the frequency range of input signals on which the loop will stay locked if it was initially 
in lock. The capture range is smaller or equal to the lock range. 

With phase comparator 1, the range of frequencies over which the PLL can acquire lock (capture 
range) depends on the low-pass filter characteristics and this range can be made as large as the lock 
range. Phase comparator 1 enables the PLL system to remain in lock in spite of high amounts of noise 
in the input signal. A typical behaviour of this type of phase comparator is that it may lock onto input 
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frequencies that are close to harmonics of the VCO centre frequency. Another typical behaviour is, 
that the phase angle between the signal and comparator input varies between oo and 1800 and is goo 
at the centre frequency. Figure 3 shows the typical phase-to-output response characteristic. 

Voo 
(1) 

112 v00 

go 0 180° 

7284458 

(1) Average output voltage. 

Fig. 3 Signal-to-comparator inputs 
phase difference for comparator 1. 

Figure 4 shows the typical waveforms for a PLL employing phase comparator 1 in locked condition 
of f0 . 

COMP IN 

VCOouT 

PC1ouT 

J 
L 

7274624.1 

Fig. 4 Typical waveforms for phase-locked loop employing phase comparator 1 in locked condition 
of f0 . 
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FUNCTIONAL DESCRIPTION (continued) 

Phase comparator 2 is an edge-controlled digital memory network. It consists of four flip-flops, control 
gating and a 3-state output circuit comprising p and n-type drivers having a common output node. When 
the p-type or n-type drivers are ON, they pull the output up to Voo or down to Vss respectively. This 
type of phase comparator only acts on the positive-going edges of the signals at SIGN1N and COMP1N· 
Therefore, the duty factors of these signals are not of importance. 

If the signal input frequency is higher than the comparator input frequency, the p-type output driver 
is maintained ON most of the time, and both then and p-type drivers are OFF (3-state) the remainder 
of the time. If the signal input frequency is lower than the comparator input frequency, the n-type 
output driver is maintained ON most of the time, and both then and p-type drivers are OFF the re
mainder of the time. If the signal input and comparator input frequencies are equal, but the signal 
input lags the comparator input in phase, then-type output driver is maintained ON for a time corre
sponding to the phase difference. If the comparator input lags the signal input in phase, the p-type 
output driver is maintained ON for a time corresponding to the phase difference. Subsequently, the 
voltage at the capacitor of the low-pass filter connected to this phase comparator is adjusted until the 
signal and comparator inputs are equal in both phase and frequency. At this stable point, both p and 
n-type drivers remain OFF and thus the phase comparator output becomes an open circuit and keeps 
the voltage at the capacitor of the low-pass filter constant. 

Moreover, the signal at the phase comparator pulse output (PCPouT) is a HIGH level which can be 
used for indicating a locked condition. Thus, for phase comparator 2 no phase difference exists be
tween the signal and comparator inputs over the full VCO frequency range. Moreover, the power dissi
pation due to the low-pass filter is reduced when this type of phase comparator is used because both 
p and n-type output drivers are OFF for most of the signal input cycle. It should be noted that the 
PLL lock range for this type of phase comparator is equal to the capture range, independent of the 
low-pass filter. With no signal present at the signal input, the VCO is adjusted to its lowest frequency 
for phase comparator 2. Figure 5 shows typical waveforms for a PLL employing this type of phase 
comparator in locked condition. 

COMP IN 

vcoour 

PC2ouT 

_n_ ___ _Jl_ ___ _n_ 
___ll_ ___ Jl_ ___ _n_ 
___ri=-__ - __ -_-__ -_-_-_-__ - __ -_-_-_-_-__ -_-LJ: ____ -_-_-_ Voo 

/ ___ high impedance OFF-state Vss 

VCOIN __.,,,,.------ ------...._ 

-, r----
PCPouT LJ ---~625.1 

Fig. 5 Typical waveforms for phase-locked loop employing phase comparator 2 in locked condition. 
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Figure 6 shows the state diagram for phase comparator 2. Each circle represents a state of the compar
ator. The number at the top, inside each circle, represents the state of the comparator, while the logic 
state of the signal and comparator inputs are represented by a 'O' for a logic LOW or a' 1' for a logic 
HIGH, and they are shown in the left and right bottom of each circle. 

The transitions from one to another result from either a logic change at the signal input (S) or the 
comparator input (C). A positive-going and a negative-going transition are shown by an arrow pointing 
up or down respectively. 

The state diagram assumes, that only one transition on either the signal input or comparator input 
occurs at any instant. States 3, 5, 9 and 11 represent the condition at the output when the p-type 
driver is ON, while states 2, 4, 10 and 12 determine the condition when then-type driver is ON. States 
1, 6, 7 and 8 represent the condition when the output is in its high impedance OFF state; i.e. both p 
and n-type drivers are OFF, and the PCPouT output is HIGH. The condition at output PCPouT for 
all other states is LOW. 

I 
I 

fl 
s+ cf /:~ s + c+ 

~ ~ I ~ ~ : 1 0 

;Y ct ~!/+ st ~ si 
~ ct • • 1 1 

~ sj s• Ct cj A 
t c• s• st 

~ C) ~ C) 1 1 0 

ct st 
n - type driver ON p - type driver ON 

• n and p - type 
drivers are OFF 

state number of 
the comparator 

logic state of 
. comparator input (pin 3) 

logic state of 
signal input (pin 14) 

S t : 0 to 1 transition at the signal input. 
C t: 1 to 0 transition at the comparator input. 

Fig. 6 State diagram for comparator 2. 

7Z84459 
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D.C. CHARACTERISTICS 

Vss = o v 

Voo 
v 

Supply current 5 
(note 1) 10 

15 

Quiescent device 5 
current (note 2) 10 

15 

Notes 

symbol -40 
typ. max. 

- -

lo - -
- -

- 20 

loo - 40 
- 80 

1. Pin 15 open; pin 5 at Voo; pins 3 and 9 at Vss; pin 14 open. 

Tamb (DC) 
+ 25 + 85 

typ. max. typ. max. 

20 - - - µA 
300 - - - µA 
750 - - - µA 

- 20 - 150 µA 
- 40 - 300 µA 
- 80 - 600 µA 

2. Pin 15 open; pin 5 at Voo; pins 3 and 9 at Vss; pin 14 at Voo; input current pin 14 not included. 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pf; input transition times< 20 ns 

Voo symbol min. typ. max. v 
--· --·--~- ------- -------

Phase comparators 

Operating supply 
voltage Voo 3 15 v 

Input resistance 5 750 kn l at self-bias 
at SIGN IN 10 R1N 220 kn 

15 140 kn 
J operating point 

A.G. coupled input 5 150 mV l peak-to-peak values; 
sensitivity 10 VIN 150 mV R1=10kn;R2=oo; 
at SIGN1N 15 200 mV j C1 = 100 pf; independent 

of the lock range 
O.C. coupled input 

sensitivity at 
SIGN1N; COMP1N 5 1,5 v 

LOW level 10 V1L 3,0 v 
15 4,0 v full temperature range 
5 3,5 v 

HIGH level 10 V1H 7,0 v 
15 11,0 v 

Input current 5 7 µA 

1 SIGN1N at Voo at SIGN IN 10 + l1N 30 µA 
15 70 µA 

5 3 µA 

J SIGN1N at Vss 10 -l1N 18 µA I 

15 45 µA J 
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A.C. CHARACTERISTICS Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times< 20 ns 

~--=-=t~Tym;:t~ 'Y~ ••. m" . ~~--
I OpernHeg '"PP'v I Voo 3 15 v as fixed oscillator only 

voltaye 5 15 v phase-locked loop operation 

Power dissipation 5 150 µW f0 = 10 kHz; R 1 = 1 MD; 
10 p 2500 µW R2 = 00; VC01N at% VDD; 
15 9000 µW see also Figs 10 and 11 

Maximum operating 5 0,5 1,0 MHz VC01N at VDD; 
frequency 10 fmax 1,0 2,0 MHz R 1 = 10 kQ; R2 = oo; 

15 1,3 2,7 MHz C1 = 50 pF 

Temperature/ 5 0,22-0,30 %/OC no frequency offset 
frequency 10 0,04-0,05 %/OC (fmin=O); 
stability 15 0,01-0,05 %/OC I see also note 1 

5 0-0,22 %/OC \ with frequency offset 
10 0-0,04 %/OC J (fmin > O); 
15 0-0,01 %/OC see also note 1 

Linearity 5 0,50 % R1>10 kD \see Fig. 13 
10 0,25 % R1 >400 k.11 J and Figs 14 
15 0,25 % R 1 = 1 Mn 15 and 16 

Duty factor at 5 50 % 
VCOouT 10 0 50 % 

15 50 % 

Input resistance at 5 106 Mn 
VC01N 10 R1N 106 MD 

15 106 MD 

Source follower 
Offset voltage 5 1,7 v \ RsF = 10 k.11; 

VC01N minus 10 2,0 v j VCO IN at y, VDD 
SFouT 15 2, 1 v 

5 1,5 v ) RsF=50k.11; 
10 1,7 v J VC01N at% VDD 
15 1,8 v 

Linearity 5 0,3 % \ RsF > 50 k.11; 

~.~ .... 1~-
1,0 % J seeFig.13 
1,3 % 

Zener diode 
Zener voltage 7,3 v lz = 50 µA 

Dynamic resistance 25 n lz = 1 mA 
-------------

Notes 
1. Over the recommended component range. 

(October 1980 291 



HEF4046B 
MSI 

DESIGN INFORMATION 

characteristic 

Nosignal onSIGN1N 

Phase angle between 
SIGN1N and COMP1N 

Locks on harmonics of 
centre frequency 

Signal input noise 
rejection 

Lock frequency 
range (2 fLl 

Capture frequency 
range (2 fcl 

Centre frequency (f0 ) 

VCO component selection 

using phase comparator 1 using phase comparator 2 

VCO in PLL system adjusts VCO in PLL system adjusts 
to centre frequency (f0 ) to min. frequency (fminl 

goo at centre frequency (f0 ), always oo in lock 
approaching oo and moo at (positive-going edges) 
ends of lock range (2 fLl 

yes no 

high low 

the frequency range of the input signal on which the loop will 
stay locked if it was initially in lock; 2 fL =full VCO frequency 
range= fmax - fmin 

the frequency range of the input signal on which the loop will 
lock if it was initially out of lock 

depends on low-pass I fc = fL 
filter characteristics; fc < fL 

the frequency of the VCO when VC01N at %Voo 

Recommended range for R1 and R2: 10 kn to 1 Mn; for Cl: 50 pF to any practical value. 

1. VCO without frequency offset (R2 = oo). 

a. Given f0 : use f0 with Fig. 7 to determine R 1 and C1. 
b. Given fmax= calculate f0 from f0 = % fmax; use f0 with Fig. 7 to determine R 1 and C1. 

2. VCO with frequency offset. 
a. Given f0 and fL: calculate fmin from the equation fmin = f0 - fl; use fmin with Fig. 8 to deter

mine R2 and Cl; calculate 

fmax fmax fo +fl fmax . . . . 
-- from the equation -- = ---; use --with F 1g. 9 to determine the ratio R2/R 1 to 
fmin fmin fo - fl fmin 

obtain R 1. f f 
b. Given fmin and fmax: use fmin with Fig. 8 to determine R2 and C1; calculate max; use max 

fmin fmin 

with Fig. 9 to determine R2/R1 to obtain R1. 
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-· -r=--
~-I --+-++-IH++l----+--+--l++++++--+-4-

t--·-·-+--•~-+++++-··-+--+-·+-+-++++f-+ .. ·-t--1-- I- ---

1----r--+-+++-++1+---t--·+-+++-++++---- -+-!-++Ht+------r-< -+++H·+t---+--+·++-H-ttt---t---+--1-H-++H 

fo 
I Hz) 1----+-+++H-+++----+-++++tt1+--·--+-+-++-11-+++1-----r-- ·++1+tt+----1--+++++1-++-----1--41-+·H+f+I 

1 0 6 I-~~ k~l rrt.,J'l+.I H+-~·--t--+-+++tt+t---+-·__,__,f-+++H-+--- ~:- - I---+-

~ ~ 

t---+---+-+-+-t++H 

10 
~-

JS: 5V 
-l-,-++l+tt-:"-.~t-~M-t-tffi5 v --+-+-Hf+H-1 

1---+--+--t~+ft---t-4-+-l-l+ttt---- t--f- - · f---1--+-++·H-+t+- --jr:-..f-""'ld-l='1-91<N:f:l*10 v -+-·+-+-t++H 

l"'b, N 15V 1 .___..__._.._._._........_. _ _..__._._~.....__..__._.,_._._._......___.__.__._._~~_.__,_.....,_._._....___._....._,._._._~ 

10 105 Cl (pF) 106 

Fig. 7 Typical centre frequency as a function of capacitor C1; T amb = 25 °c; VCO IN at Y:. Voo; 
INH at V55; R2 = oo. 
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l"Sl ~ 15V 
i----1--+--'H+~~-+-+-+~1-H+~+-1-+H+++1-~1-+--+-+-+++++---+-+-++'~M-Rl10V-+-+-+-++ttt 

1 .___._~......,..u..u..~"--'-'-' ......... ....___.__._ .................... ~_._..._._..L..L.l.........___._._........._ .......... 5_V_i.__._._..........., 

10 10 2 103 104 10 5 Cl (pF) 106 

Fig. 8 Typical frequency offset as a function of capacitor C1; T amb = 25 oc; VC01 N at V55; 
INH at V55; R1 = co. 
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LLV 
'I 

t 
I 

10- 2 L-~.l..--'---JL......l-.1-J....L-'-'--~-'-__..____._.__._.U....U~---'--'~ ..................... 
1 10 10 2 f max 103 

f min 

Fig. 9 Typical ratio of R2/R1 as a function of the ratio fmaxlfmin· 
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p 

(µW) 

10.___._...._. .................... ~...._ ......... ~~~~~~~ 

p 

(µW) 

1 10 102 R1 (kn) 103 

t----t--+-t+t-Htt~-::S_,,_:::Sln.;:1-+ftttt--t-~~-"H-tfl~/50pF 
1---+--+-+++++++-___,~l-l'l~~~4'.Hi+H-~t--1-+-1+++1-1'1µF 

103~~~m!J~~~NEM~~~Eim 
~::s 

!'- /50pF 
1-----t--+-t-++tttt-~+-+-++++tt+-~t-t---+--i-H"I~ 

'1µF 
102 .___._....._._._._ ........... ~....___.L...L. .......... .LLL..~L......I--'-'~~ 

1 10 102 R2 (kn) 103 
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Fig. 10 Power dissipation as a 
function of R1; R2 = oo; VC01N at 
y, Voo; CL= 50 pF. 

Fig. 11 Power dissipation as a 
function of R2; R1 = 00; VC01N at 
Vss (0 V); CL= 50 pF. 
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p 
(µW) 

~Yoo 15 v 
I 

10V 

~ 

rs: rs.: ~ 

~ 

5 v """-
~ 

~ 

10 

1 
1 10 

7Z84454 

N 

~ 

~ 

~ 1\ 
~ )'\. 

rs;: 
~ 

~ 

~ 

112 Voo Voo 

7Z84457 -- Vvco IN 

Fig. 13 Definition of linearity (see a.c. characteristics). 
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Fig. 12 Power dissipation of source follower 
as a function of RsF; VC01N at% Voo: 
R1 = oo; R2 = =. 

For VCO linearity: 

f1 + f2 
f' =--

0 2 

f' - f 
lin. = ~ x 100% 

0 

Figure 13 and the above 
formula also apply to 
source follower linearity: 
substitute VsF OUT for f. 

AV= 0,3 Vat Voo = 5 V 

AV= 2,5 Vat Voo = 10 V 

AV= 5 Vat Voo = 15 V 
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7Z84451 0 ,5 ..----,,...--.,..............,.........,..,..,.-,--~-.-..,......,.....,...,...,...., 

lin 
(%) 

Cl = 
1 µF f--

K 

100 Pyj _,f1 

-o.5 v L_ 
L 
50 pF 

-1,____._._._.__.w....L.J.J---L--'--...1-.J..--'-'-.J...U 

10 102 Rl (k.11) 103 

Fig. 14 VCO frequency linearity as a 
function of R 1; R2 = 00; Voo = 5 V. 
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lin 
(%) 

IZ:_ _l-100 pF 

-5 7 
lL 
50pF 

-10.__.__._......._L-L..J.J.J----'---1.....~....L.J..J...U 

10 102 Rl (kQ) 103 

Fig. 15 VCO frequency linearity as a 
function of R1; R2 = =; Voo = 10 V. 

Fig. 16 VCO frequency linearity as a 
function of R1; R2 = =; Voo = 15 V. 
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MONOSTABLE/ AST ABLE MUL TIVIBRATOR 

The HEF4047B consists of a gatable astable multivibrator with logic techniques incorporated to permit 
positive or negative edge-triggered monostable multivibrator action with retriggering and external count
ing options. 

Inputs include+ TRIGG£R, -TRIGGER, AST ABLE, ASTABLE, RETRIGGER and MR (Master Reset). 
Buffered outputs are 0, 0 and DSC I LLATO R OUTPUT. In all modes of operation an external capacitor 
(Ct) must be connected between CTc and RCTC· and an external resistor (Rt) must be connected 
between RTc and RCTc (continued on next page). 

5 ASTABLE 

4 ASTABLE 

6 -TRIGGER 

AST ABLE 

GATE 

CONTROL 

MONOSTABLE 

8 +TRIGGER CONTROL 

3 

AST ABLE 

MULTI

VIBRATOR 

2 

RETRIGGER 

CONTROL 

FREQUENCY 

DIVIDER 

(-;-2) 

OSCILLATOR 
OUTPUT 

13 

RETRIGGER 12 

~ t~ ______ M_fi1.Q __ .._ _______________________ J 
7Z74558.1 

Fig. 1 Functional diagram. 

FAMILY DATA 
see Family Specifications 

loo LIMITS category MSI 

: Products approved to CECC 90 104-036. I ( OctoOOc 1980 299 
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Astable operation is enabled by a HIGH level on the ASTABLE input. The period of the square wave 
at 0 and 5 outputs is a function of the external components employed. 'True' input pulses on the 
AST ABLE or 'complement' pulses on the ASTABLE input, allow the circuit to be used as a gatable 
multivibrator, The OSCILLATOR OUTPUT period will be half of the 0 output in the astable mode. 
However, a 50% duty factor is not guaranteed at this output. 

In the monostable mode, positive edge-triggering is accomplished by applying a leading-edge pulse to 
the+ TRIGGER input and a LOW level to the -TRIGGER input. For negative edge-triggering, a 
trailing-edge pulse is applied to the -- TRIGGER and a HIGH level. to the+ TRIGGER. Input pulses 
may be of any duration relative to the output pulse. The multivibrator can be retriggered (on the 
leading·edge only) by applying a common pulse to both the RETR IGGE R and+ TRIGGER inputs. 
In this mode the output pulse remains HIGH as long as the input pulse period is shorter than the period 
determined by the RC components. 

An external count down option can be implemented by coupling 0 to an external 'N' counter and 
resetting the counter with the trigger pulse. The counter output pulse is fed back to the AST AB LE 
input and has a duration equal to N times the period of the multivibrator. A HIGH level on the 
MR input assures no output pulse during an ON-power condition. This input can also be activated to 
terminate the output pulse at any time. In the monostable mode, a HIGH level or power-ON reset 
pulse must be applied to MR, whenever Voo is applied. 

[1-· 

RTc [I 
RCTC 3 

AST ABLE 

AST ABLE 

- TRIGGER 

Vss 

HEF4047B 

7Z74557.1 

Fig. 2 Pinning diagram. 

HEF40478P: 14-lead DIL; plastic (SOT-27K, M, T). 
EF4047BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 

HEF4047BT: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

Moy 19831 
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is more sensitive to static discharge; extra handling precautions are recommended 

Fig. 3 Logic diagram. 

s 
0 
:l 
0 
~ ., 
0-
Cii" .,. 
~ ., 
O'" 
(ii 

3 
c:: 
;+ 
:;:· 

~ 
~ 
0 .... 

"'---
( 

I rn ..,, 
s: .+:>. 
(/) 0 

.+:>. 

"' CD 



HEF40478 
MSI 

FUNCTIONAL CONNECTIONS 

function 

astable multivibrator 

free running 

true gating 

complement gating 

monostable multivibrator 

pos. edge-triggering 

neg. edge-triggering 

retriggerable 

external count down* 

pins connected to 

Voo Vss 

4,5,6, 14 7,8,9, 12 

4,6, 14 7,8,9,12 

6, 14 5,7,8,9,12 

4, 14 (6, 7, 9, 12 

4,8, 14 5, 7, 9, 12 

4, 14 5, 6, 7, 9 

14 5, 6, 7, 8, 9, 12 

output output 
pulse period 

input from or 
pulse pins pulse width 

- 10, 11, 13 at pins 10, 11: 

5 10, 11, 13 tA = 4,40 RtCt 

4 10,11,13 
at pin 13: 
tA = 2,20 RtCt 

8 10, 11 

6 10, 11 at pins 10, 11: 

8, 12 10, 11 tM = 2,48 RtCt 

- 10, 11 

* Input pulse to RESET of external counting chip; external counting chip output to pin 4. 

Note 

In all case~ external resistor between pins 2 and 3, external capacitor between pins 1 and 3. 

D.C. CHARACTERISTICS 

Vss = o V; inputs at Vss or Voo 

Voo Tamb (OC) 

v symbol·· -'-40 + 25 . +85 
max. min. max. max. 

Leakage current 
pin 3 at 

pin 3; output 15 13 0,3 - 0,3 1 µA Voo or Vss 
transistor OFF 

'-··----



Monostable/astable multivibrator 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times< 20 ns 

Voo symbol min. typ. max. v 

Propagation delays 
AST ABLE, AST ABLE 
- OSC. OUTPUT 5 95 190 

HIGH to LOW 10 tPHL 45 90 
15 30 60 

5 85 170 
LOW to HIGH 10 tPLH 40 80 

15 30 60 

ASTABLE, ASTABLE 

- 0,0 5 150 300 
HIGH to LOW 10 tPHL 65 130 

15 50 100 

5 130 260 
LOW to HIGH 10 tPLH 60 120 

15 45 90 

+/-TRIGGER 

- 0,0 5 160 320 
HIGH to LOW 10 tPHL 65 130 

15 50 100 

5 155 310 
LOW to HIGH 10 tPLH 65 130 

15 50 100 

+TRIGGER, 
RETRIGGER - 0 5 65 130 

HIGH to LOW 10 tPHL 30 60 
15 25 50 

+TRIGGER, 
RETRIGGER - 0 5 95 190 

LOW to HIGH 10 tPLH 40 80 
15 30 60 

MR-o 5 100 200 
HIGH to LOW 10 tPHL 45 90 

15 35 70 

MR-O 5 100 200 
Low to HIGH 10 tpLH 45 90 

15 35 70 

HEF40478 
MSI 

typical extrapolation 
formula 

68 ns + (0,55 ns/pF) CL 
43 ns + (0,23 ns/pF) CL 
22 ns + (0, 16 ns/pF) CL 

58 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22 ns + (0,16 ns/pF) CL 

123 ns + (0,55 ns/pF) CL 
54 ns + (0,23 ns/pF) CL 
42 ns + (0, 16 ns/pF) CL 

103 ns + (0,55 ns/pF) CL 
49 ns + (0,23 ns/pF) CL 
37 ns + (0,16 ns/pF) CL 

133 ns + (0,55 ns/pF) CL 
54 ns + (0,23 ns/pF) CL 
42 ns + (0,16 ns/pF) CL 

128 ns + (0,55 ns/pF) CL 
54 ns + (0,23 ns/pF) CL 
42 ns + (0, 16 ns/pF) CL 

38 ns + (0,55 ns/pF) CL 
19 ns + (0,23 ns/pF) CL 
17 ns + (0, 16 ns/pF) CL 

68 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22 ns + (0, 16 ns/pF) CL 

83 ns + (0,55 ns/pF) CL 
34 ns + (0,23 ns/pF) CL 
27 ns + (0, 16 ns/pF) CL 

83 ns + (0,55 ns/pF) CL 
34 ns + (0,23 ns/pF) CL 
27 ns + (0, 16 ns/pF) CL 
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A.C. CHARACTERISTICS (continued) 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times< 20 ns 
-·-·--,--

Voo 
v 

Output transition 
times 5 

HIGH to LOW 10 
15 

5 
LOW to HIGH 10 

15 

Minimum MR pulse 5 
width; HIGH 10 

15 

Minimum input 
pulse width; any 5 
input exept MR 10 

15 

APPLICATION INFORMATION 

General features: 

symbol min. typ. 

60 

tTHL 30 
20 

60 

tTLH 30 
20 

60 30 

twMRH 30 15 
20 10 

220 110 
tw 100 50 

70 35 

• Monostable (one-shot) or astable (free-running) operation 
• True and complemented buffered outputs 
• Only one external R and C required 

Monostable multivibrator features: 

• Positive- or negative-edge triggering 
• Output pulse width independent of trigger pulse duration 
• Retriggerable option for pulse-width expansion 

max. 

120 ns 
60 ns 
40 ns 

120 ns 
60 ns 
40 ns 

ns 
ns 
ns 

ns 
ns 
ns 

typical extrapolation 
formula 

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

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

• Long pulse width possible using small RC components by means of external counter provision 
• Fast recovery time essentially independent of pulse width 
• Pulse-width accuracy maintained at duty cycles approaching 100% 

Astable multivibrator features: 

• Free-running or gatable operating modes 
• 50% duty cycle 
• Oscillator output available 

304~ 



Monostable/astable multivibrator HEF40478 
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1. Astable mode design information 

a. Unit-to-unit transfer-voltage variations 

The following analysis presents worst-case variations from unit-to-unit as a function of transfer
voltage (VTRl shift for free running (astable) operation. 

OSCILLATOR 
OUTPUT (pin 13) 

0 OUTPUT 
(pin 10) 

~' 1-- tl --1-- t 2 --1- tl --1-- t 2--I 

_I I I 
- ~ tA-1- ~ tAj 

·------- t A ---
7284343 

Fig. 4 Astable mode waveforms. 

(VrnHVoo - Vrnl 
tA = 2 (t1 + t2) = -2RtCt In , where tA = Astable mode pulse width. 

(Voo + VTR)(2Voo - VTRl 

Values for tA are: 

Voo = 5 or 10 v 

v00 = 15 v 

typ. : VTR = 0,5 Voo; tA = 4.40 RtCt 

f min. : VTR = 0,3 Voo; tA = 4.71 RtCt 
\max.: VTR = 0,7 Voo; tA = 4.71 RtCt 

(min.: VTR = 4 V; 
max.: VTR = 11 V; 

tA = 4,84 RtCt 
tA = 4,84 RtCt 

thus if tA = 4.40 RtCt is used, the maximum variation will be (+ 7,0%; -0,0%) at 10 V. 
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APPLICATION INFORMATION (continued) 

b. Variations due to changes in V DD 

In addition to variations from unit-to-unit, the astable period may vary as a function of frequency with 
respect to Voo-
Typical variations are presented graphically in Figs 5 and 6 with 10 V as a reference. 

7284348 
7.5~.,--r-~-r--r--i---r---r---r---r---.--.--..-..-.,.--.--.---.,r--r--r--..--..--.,-.,-....--,--,--,--,-~ 

period 
accuracy 

for 
0 and 0 

(%) 
51-+-+-+-+--+--+--+--+-+-+-+-+-t-t-t--f---i---lr-t--t--t-t-T--t-T--+--+--t--t-~ 

B A 

I \ 2,5 l--+-+--+--+--+--H-1~li'r---ili,'t-ll--l--t-+-+--+--+--+--+--+--r--r--r---r-t--r-r---i---i---t--t--i 

\ i":,. 

-25 .__.._..__.._...._...._....._.....__._......__.__.___.___.___._~~~~~~~~~~~~~~~~ 
' 0 5 10 15 

Voo (V) 

Fig. 5 Typical 0 and 6 period accuracy as a function of supply voltage; astable mode; T amb = 25 °c. 

curve fo Ct Rt 
kHz pF kn 

A 10 100 220 
B 5 100 470 
c 1 1000 220 
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t--t--t--r--1--t--t-t--+-+-+--"'k:-+-_,...d---f"'od--k--t--t--+-+-+--+-~--+--+-~--+-- --

0~~~~~~~~~~1'-i~t......~~jl"--~~~f~~l~~~~~~~~~~-~~-~~~-fj--~--[ ~ 
~ -r-,--i--+.-1-...l l-t--f-1HH--+-+---+-+-+-+-+--+--+--t--+-+-+-+-+-+--+--+-"l"'--ol.c--1-+·- ---- ~ 

,____,f-+-~-t--+--t---t-+-1---i-+---+---+--+---+--t-+-f-+-+-t--+--t---+-+--~--
I j--

1--t--l-_,r---tr---t---+--+-+-+--+--+-f--+--+---+---+--+--+--~ -~ --t---;-·-··t--·_t1- - t·-j -

-5'--'--'--''--'--"--"--'-'---'--'--'--'--"--'--'--'--'-_.__,__._..._...._..__..__.__.__,__. __ ~ _ _,,___. 

0 5 10 Voo (V) 15 

Fig. 6 Typical 0 and 0 period accuracy as a function of supply voltage; astable mode; T arnb ·~ 25 oc. 

curve 

t, -1 
Ct Rt 

kHz_ pF kn 

A 500 10 47 
B 225 100 10 
c 100 100 22 
D 50 100 47 
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APPLICATION INFORMATION (continued) 

2. Monostable mode design information 

The following analysis presents worst case variations from unit-to-unit as a function of transfer
voltage (VTRl shift for one-shot (monostalbe) operation. 

+TRIGGER 
(pin 8) _Jl __________ n __ _ 
OSCILLATOR _J I I 
OUTPUT (pin 13) .__________ ._ __ _._ __ 

I-- t 1--I-- t 2 --I 1--- t 1 +I.- t 2 --I 
0 OUTPUT 
(pin 10) _J l __ I L 

'-·-tM-1 '--tM-1 

Fig. 7 Monostable waveforms. 

tM = (t1' + t2) 

(VTRHVoo - VTR) 
tM = -RtCt In , where tM =Monostable mode pulse width. 

(2v00 ~~ vTR)(2v001 

Values for tM are: 

v 00 = 5 to 10 v 

v 00 = 15 v 

typ. : VTR = 0,5 Voo; tM = 2,48 RtCt 

(min. : VTR = 0,3 Voo; tM = 2,78 RtCt 
\max.: VTR = 0,7 Voo; tM = 2,52 RtCt 

f min. : VTR = 4 V; 
\max.: VTR = 11 V; 

tM = 2,88 RtCt 
tM = 2,56 RtCt 

thus iftM = 2,48 RtCt is used, the maximum variation will be(+ 12%; -0,0%) at 10 V. 

Note 

7284342 

In the astable mode, the first positive half cycle has a duration of tM; succeeding durations are'!:. tA. 
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3. Retrigger mode operation 

HEF40478 
MSI 

The HEF4047B can be used in the retrigger mode to extend the output pulse duration, or to compare 
the frequency of an input signal with that of the internal oscillator. In the retrigger mode the input 
pulse is applied to pins 8 and 12, and the output is taken from pin 10 or 11. Normal monostable 
action is obtained when one retrigger pulse is applied (Fig. 8). 
Extended pulse duration is obtained when more than one pulse is applied. For two input pulses, 
tRE = t1' + t1+2t2. 
For more than two pulses, tRE (output 0), terminates at some variable time, to, after the termination 
of the last retrigger pulse; to is variable because tRE (output OJ terminates after the second positive 
edge of the oscillator output appears at flip-flop 4. 

+TRIGGER; 
RETRIGGER 
(pins 8, 12) 

_fl_ jlJl_ JlflJL __ JL_ 

0 OUTPUf 
(pin 10) _n_ .JL 

·--' tRE 1__ L- tRE-J 1--- t R;:·-1 ~-J---
7ZB4341 

Fig. 8 Retrigger mode waveforms. 

4. External counter option 

Time tM can be extended by any amount with the use of external counting circuitry. Advantages 
include digitally controlled pulse duration, small timing capacitors for long time periods, and 
extremely fast recovery time. A typical implementation is shown in Fig. 9. 
The pulse duration at the output is: 

text= (N - 1 )(tA) + (tM + Yi tA) 

Where text= pulse duration of the circuitry, and N is the number of counts used. 

4 AST ABLE -·-------------. 
HEF4047B HEF4017B 

0 10 14 CPo 05_9 

input r-L 15 
pulse ....J ------------

MR 

optional 
buffer 

7284340 

Fig. 9 Implementation of external counter option. 

output 
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APPLICATION INFORMATION (continued) 

5. Timing component limitations 

The capacitor used in the circuit should be non-polarized and have low leakage (i.e. the parallel 
resistance of the capacitor should be an order of magnitude greater than the external resistor used). 
There is no upper or lower limit for either Rt or Ct value to maintain oscillation. 
However, in consideration of accuracy, Ct must be much larger than the inherent stray capacitance 
in the system (unless this capacitance can be measured and taken into account). 
Rt must be much larger than the LOCMOS 'ON' resistance in series with it, which typically is hundreds 
of ohms. 

The recommended values for Rt and Ct to maintain agreement with previously calculated formulae 
without trimming should be: 

Ct;;;;. 100 pf, up to any practical value, 

10 kn.;;; Rt.;;; 1 Mn. 

6. Power consumption 

In the standby mode (monostable or astable), power dissipation will be a function of leakage current 
in the circuit. 
For dynamic operation, the power needed to charge the external timing capacitor Ct is given by the 
following formulae: 

Astable mode: P = 2 Ct V 2 f (fat output pin 13) 

P = 4 Ct V 2 f (fat output pins 10 and 11) 

(2,9 Ct V 2 )(duty cycle) 
Monostable mode: P = (fat output pins 10 and_ 11) 

T 

Because the power dissipation does not depend on Rt, a design for minimum power dissipation would 
be a small value of Ct· The value of R would depend on the desired period (within the limitations 
discussed previously). 
Typical power consumption in astable mode is shown in Figs 10, 11and12. 
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p 

(µW) 

HEF4047B 
MSI 

7Z84346 

~·-+-++++++1+---+-++++++1+---+-++++++1+----+-+++++t-1+----+-++++++t+---+-t--H-tttt1 

10 L--'--'-.L..J..JU...U....___.___.._.L..J..JU...U....___.___.._........._u...u....___.___.._.._.._ ...... ..___.__.__........._.u...u..___.__.._~~ ....... 

1 10 105 f (Hz) 106 

Fig. 10 Power consumption as a function of the output frequency at 0 or O; Voo = 5 V; astable mode. 

p 

(µW) 

103 

f----1 

1 

I 

!-" 

10 

Ct=100nFJ.' 
~ 

~ 

_...... -i-......, 

7Z84345 

z- z-
JL IL 

10n~ 1 n17' 100pvr 
j7 !" !el _}( k{ ~10pF 

12"' 

..- ..-

105 f (Hz) 106 

Fig. 11 Power consumption as a function of the output frequency at 0 or O; Voo = 10 V; astable mode. 
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APPLICATION INFORMATION (continued) 

7Z84344 

p 106~~~~~~~~l!~~~~$$~~~~$$~~~~$$~~~~$$1$1 
(µW) 

/ V V 11V 

Fig. 12 Power consumption as a function of the output frequency at 0 or O; Voo = 15 V; astable mode. 
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HEF40498 
buffers 

HEX INVERTING BUFFERS 

The HEF4049B provides six inverting buffers with high current output capability suitable for drivino 
TTL or high capacitive loads. Since input voltages in excess of the buffers' supply voltage are permitted, 
the buffers may also be used to convert logic levels of up to 15 V to standard TTL levels. Their guaran
teed fan-out into common bipolar logic elements is shown in the table on next page; 

7Z 69 s 58 

Fig. 1 Functional diagram. 

7Z74549.1 

Fig. 3 Logic diagram (one gate). 

APPLICATION INFORMATION 

HEF4049B 

7Z69501 

Fig. 2 Pinning diagram. 

HEF4049BP: 16-lead OIL; plastic (SOT-38Z). 
HEF4049BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HE F4049BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

Some examples of applications for the HEF4049B are: 
• LOCMOS to DTL/TTL converter 
• HIGH sink current for driving 2 TTL loads 
• HIGH-to-LOW level logic conversion 

FAMILY DATA } 
see Family Specifications 

loo LIMITS category BUFFERS 

~ Products approved to CECC 90 104-037. 1(May1983 313 
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Guaranteed fan-out in common logic families Input protection 

driven element 

standard TTL 

74LS 

74L 

guaranteed 
fan-out 

2 

9 

16 

7 Z69660.1 

Fig. 4 Input protection circuit that 
allows input voltages in excess of Voo· 

D.C. CHARACTERISTICS Vss = 0 V; V1 = Vss or Voo 

Voo Vo symbol 
Tamb(oC) 

v v -40 +25 +85 
min. max. min. max. min. max. 

!---------·--· ·---· 

Output (sink) 4,75 0,4 3,5 - 2,9 - 2,3 - mA 
current LOW 10 0,5 loL 12,0 - 10,0 - 8,0 - mA 

15 1,5 24,0 - 20,0 - 16,0 - mA 

Output (source) 5 4,6 0,52 - 0,44 - 0,36 - mA 
current HIGH 10 9,5 -IOH 1,3 - 1,1 - 0,9 - mA 

15 13,5 3,6 - 3,0 - 2,4 - mA 

Output (source) 
current HIGH 5 2,5 -loH 1,7 - 1,4 - 1, 1 - mA 

A.C. CHARACTERISTICS Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times,,;;; 20 ns 

Voo symbol typ. max. 
typical extrapolation 

v formula 

Propagation delays 5 35 70 ns 26 ns + (0,18 ns/pF) CL 

In -on 10 tPHL 15 30 ns 11 ns+(0,08ns/pF)CL 
HIGH to LOW 15 12 25 ns 9 ns + (0,05 ns/pF) CL 

5 50 100 ns 23 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 25 50 ns 14 ns + (0,23 ns/pF) CL 

15 20 40 ns 12 ns + (0,16 ns/pF) CL 

Output transition 5 20 40 ns 3 ns + (0,35 ns/pF) CL 
times 10 tTHL 10 20 ns 3 ns + (0,14 ns/pF) CL 

HIGH to LOW 15 7 14 ns 2 ns + (0,09 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

Voo typical formula for P {µW) 
where 

v fi = input freq. (MHz) 
f 0 =output freq. {MHz) 

Dynamic power 5 2 500 fi + L(foCL) x Voo 2 CL= load capacitance {pF) 
dissipation per 10 11 000 fi + L(foCL) x Voo 2 L(f0 CL) =sum of outputs 
package (P) 15 35000 fi + L(foCL) x Voo 2 Voo =supply voltage (V) 
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HEX NON-INVERTING BUFFERS 

The HEF4050B provides six non-inverting buffers with high current output capability suitable for 
driving TTL or high capacitive loads. Since input voltages in excess of the buffers' supply voltage are 
permitted, the buffers may also be used to convert logic levels of up to 15 V to standard TTL levels. 
Their guaranteed fan-out into common bipolar logic elements is shown in the table on n!lxt page. 

o, 2 

Os 12 

7269559 

Fig. 1 Functional diagram. 

I 1 -t>o-[:>~ 01 

7Z74500.1 

Fig. 3 Logic diagram (one gate). 

APPLICATION INFORMATION 

HEF4050B 

V00 0 1 11 

7269502 

Fig. 2 Pinning diagram. 

HEF4050BP: 16-lead DI L; plastic (SOT-382). 
HEF4050BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HE F4050BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

Some examples of applications for the HEF4050B are: 
• LOCMOS to DTL/TTL converter 
• HIGH sink current for driving 2 TTL loads 
• HIGH-to-LOW level logic conversion 

FAMILY DATA J 
see Family Specifications 

loo LIMITS category BUFFERS 

G Products approved to CECC 90 104-038. 1 (May 1983 315 



buffers t __ _ HEF40508 

Guaranteed fan-out in common logic families Input protection 

:2-
guaranteed 

driven element 
fan-out 

standard TTL 2 
74LS 9 
74L 16 

input~ 

V55 r9 
7269660.1 

Fig..4 Input protection circuit that 
allows input voltages in excess of Voo-

D.C. CHARACTERISTICS Vss = 0 V; V1 = Vss or Voo 

Voo Vo symbol 
Tamb(oC) 

v v -40 +25 +85 
min. max. min. max. min. max. 

Output (sink) 4,75 0,4 3,5 - 2,9 - 2,3 - mA 
current LOW 10 0,5 loL 12,0 - 10,0 - 8,0 - mA 

15 1,5 24,0 - 20,0 - 16,0 - mA 

Output (source) 5 4,6 0,52 - 0,44 - 0,36 - mA 
current HIGH 10 9,5 -loH 1,3 - 1, 1 - 0,9 - mA 

15 13,5 3,6 - 3,0 - 2,4 - mA 

Output (source) 
current HIGH 5 2,5 -loH 1,7 - 1,4 - 1, 1 - mA 

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

Voo symbol typ. max. 
typical extrapolation 

v formula 

Propagation delays 5 35 70 ns 26 ns + (0, 18 ns/pF)CL 
In On 10 tPHL 20 35 ns 16 ns + (0,08 ns/pF)CL 

HIGH to LOW 15 15 30 ns 12 ns + (0,05 ns/pF)CL 

5 55 110 ns 28 ns + (0,55 ns/pF)CL 
LOW to HIGH 10 tPLH 25 55 ns 14 ns + (0,23 ns/pF)CL 

15 20 40 ns 12 ns + (0,16 ns/pF)CL 

Output transition 5 25 50 ns 7 ns + (0,35 ns/pF)CL 
times 10 tTHL 10 20 ns 3 ns + (0, 14 ns/pF)CL 

HIGH to LOW 15 7 14 ns 2 ns + (0,09 ns/pF)CL 

5 60 120 ns 10ns+(1,0 ns/pFICL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF)CL 

15 20 40 ns 6 ns + (0,28 ns/pF)CL 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 3 800 fi + ~ (foCLI x Voo2 CL= load capacitance (pF) 
dissipation per 10 11 600 fi + ~ (foCLI x Voo2 ~(f0CLI =sumofoutputs 
package (P) 15 65 900 ti+~ (f0 CLI x v002 Voo =supply voltage (V) 
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HEF40518 
MSI 

8-CHANNEL ANALOGUE MULTIPLEXER/DEMULTIPLEXER = 
The HEF4051 Bis an 8-channel analogue multiplexer/demultiplexer with three address inputs (Ao to 
A2), an active LOW enable input (E), eight independent inputs/outputs (Yo to Y7) and a common 
input/output (Z). 

The device contains eight bidirectional analogue switches, each with one side connected to an indepen
dent input/output (Yo to Y7) and the other side connected to a common input/output (Z). 

With E LOW, one of the eight switches is selected (low impedance ON-state) by Ao to A2· With E 
HIGH, all switches are in the high impedance OFF-state, independent of Ao to A2· 

Voo and Vss are the supply voltage connections for the digital control inputs (Ao to A2, and E). 
The Voo to Vss range is 3 to 15 V. The analogue inputs/outputs (Yo to Y7, and Z) can swing between 
Voo as a positive limit and VEE as a negative limit. Voo-VEE may not exceed 15 V. 

For operation as a digital multiplexer/demultiplexer, VEE is connected to Vss (typically ground). 

Fig. 1 Functional diagram. 

FAMILY DATA 

loo LIMITS category MSI 

see Family Specifications 

11 Ao 

6E 

G Products approved to CECC 90 104-039. 

16 

VDD 

LOGIC 
LEVEL 

CONVERSION 

Vss 
8 
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DECODER 
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HEF4051B 
MSI 

HEF4051B 

Y4 Y6 Z Y7 Y5 E 

Fig. 2 Pinning diagram. 
7Z69503 

PINNING 

v0 to v7 

Ao to A2 

E 

independent inputs/outputs 

address inputs 

enable input (active LOW) 

Z common input/output 

HEF4051 BP: 16-lead DI L; plastic (SOT-38Z). 
HEF4051 BO: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HEF4051 BT: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

Fig. 3 Schematic diagram 
(one switch). 

FUNCTION TABLE 

inputs 

E A2 A1 Ao 

L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 

channel 
ON 

Yo-Z 
Y1-Z 
Y2-Z 
Y3-Z 
Y4-Z 
Y5-Z 

7Z82374.1 

L H H 
L H H 
H x x 

L 
H 
x 

Y5-Z 
Y7-Z 
none 

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

RATINGS 

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

Supply voltage (with reference to Voo) Vee -18to+0,5 V 

NOTE 

To avoid drawing Voo current out of terminal Z, when switch current flows into terminals Y, the 
voltage drop across the bidirectional switch must not exceed 0,4 V. If the switch current flows into 
terminal Z, no Voo current will flow out of terminals Y, in this case there is no limit for the voltage 
drop across the switch, but the voltages at Y and Z may not exceed Voo or VEE· 
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8-channel analogue multiplexer/demultiplexer 

Ao LEVEL 
CONVERTER 

7Z69702.2 

Fig. 4 Logic diagram. 

HEF40518 
MSI 

~-----z 
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HEF40518 
MSI 

D.C. CHARACTERISTICS 

lamb= 25 oc 

Voo-VEE symbol typ. max. conditions 
v 

5 350 2500 n 
} Vis= 0 to Voo-VEE ON resistance 10 R(>N 80 245 n see Fig. 6 

15 60 175 n I 

5 115 340 n 
} Vis= 0 ON resistance 10 RQN 50 160 n see Fig. 6 

15 40 115 n 
5 120 365 n 1 Vis= Voo-VEE ON resistance 10 RoN 65 200 n j see Fig. 6 

15 50 155 n 
'D.' ON resistance 5 25 - n 

} Vis= 0 to Voo-VEE between any two 10 ARoN 10 - n 
channels 15 5 - n see Fig. 6 

OFF-state leakage 5 - - nA l E atv00 current, all 10 lozz - - nA 
channels OFF 15 - 1000 nA j Vss =VEE 

OFF-state leakage 5 - - nA 
current, any 10 lozv - - nA } Eat Vss 
channel 15 - 200 nA Vss =VEE 

-

7Z84306 

15 ~ 
Voo-Vss 1~ 

(V) t--+-+-· ~ 
10 1--+-+-+---*-77T-!ZlT-!Zl__.._IZ_,,_IZ-+[2'--L!Zl--"lZl_IZ_lZ'-lZl'--,I 

V[ZJ operating area ~ 

1~ 

0 .......... __.__.___.___..___.____.___.__..___.__.___.__.__..__. 
0 5 10 15 

Voo-VEE (V) 

Fig. 5 Operating area as a function of the supply voltages. 
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8-channel analogue multiplexer/demultiplexer 

HIGH 
(from address inputs) 

HEF40518 
MSI 

lis=200µA 

7 274582.2 

Fig. 6 Test set-up for measuring RQN· 

7282373 

400t--t-+-+-+--+-+-+-+-l-l-+---+--l--I-~ 

R 0 N 1--11--t-+-+-+--+--+-+-~1--1--1.--1--+--1 
(n) IA 

3 0 0 VD D = 5 V +--......._..__.____.__._........_. 

2 0 0 t--11-+-+f-+---+-+-+-+-l-l-+---+--+--l--I 

I 

17 '" 

a ............... --L--'--'-....l....-'--'-.l........JL.......l.---1.......L.....J....~ 
0 5 10 Vis (V) 15 

Fig. 7 Typical RoN as a function of input 
voltage. 

lis = 200µA 
Vss =VEE= 0 v 
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HEF40518 
MSI 

A.C. CHARACTERISTICS 

VEE= Vss = 0 V; Tamb = 25 °C; input transition times< 20 ns 

Voo where 

v typical formula for P (µW) fi =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 1 000 fi + L(foCL) x Voo 2 CL= load capacitance (pF) 
dissipation per 10 5 500 fi + L(foCL) x Voo 2 L(f0 CL) =sum of outputs 
package (P) 15 15000 fi + L(foCL) x Voo 2 Voo =supply voltage (V) 

A.C. CHARACTERISTICS 

VEE= Vss = 0 V; Tamb = 25 °c; input transition times< 20 ns 

Voo symbol typ. max. v 
------

Propagation delays 

Vis - Vos 5 15 30 ns 

} HIGH to LOW 10 tPHL 5 10 ns note 1 
15 5 10 ns 

5 15 30 ns 

} LOW to HIGH 10 tPLH 5 10 ns note 1 
15 5 10 ns 

An - Vos 5 150 300 ns l HIGH to LOW 10 tPHL 60 120 ns 
J 

note 2 
15 45 90 ns 

5 150 300 ns 

} LOW to HIGH 10 tPLH 65 130 ns note 2 
15 45 90 ns 

Output disable times 
E - Vos 5 120 240 ns 

1 HIGH 10 tpHz 90 180 ns note 3 
15 85 170 ns 

5 145 290 ns 

} LOW 10 tpLz 120 240 ns note 3 
15 115 230 ns 

Output enable times 
E -Vos 5 140 280 ns 

} HIGH 10 tpzH 55 110 ns note 3 
15 40 80 ns 

5 140 280 ns 1 LOW 10 tpzL 55 110 ns note 3 
15 40 80 ns J 
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8-channel analogue multiplexer/demultiplexer 

A.C. CHARACTERISTICS 

VEE = V SS = 0 V; T amb = 25 °C; input transition times,,_:;; 20 ns 
----.-------~· ,-----------

vDD symbol typ. max. 
v 

Distortion, sine-wave 5 0,25 Ofo 

response 10 0,04 % note 4 
15 I 0,04 % 

Crosstalk between 5 - MHz 
any two channels 10 1 MHz 

I 
15 - MHz 

Crosstalk; enable 
I 

5 - mV 
or address input 10 50 mV 
to output 15 - mV I 

OFF-state 5 - MHz I 
feed-through 10 1 MHz 

15 - MHz 

\ note 5 
J 

\ note 6 
J 

1 note 7 

ON-state frequency 5 13 MHz 

I 
response 10 40 MHz 

15 70 MHz 1 note 8 

NOTES 

Vis is the input voltage at a Y or Z terminal, whichever is assigned as input. 
V0 s is the output voltage at a Y or Z terminal, whichever is assigned as output. 

HEF4051B 
MSI 

1. RL = 10 kD. to VEE; CL= 50 pF to VEE; E = Vss; Vis= VDD (square-wave); see Fig. 8. 
2. RL = 10 kD.; CL= 50 pF to VEE; E = Vss; An = VDD (square-wave); Vis= VDD and RL to VEE 

for tpLH; Vis= VEE and RL to VDD for tPHL; see Fig. 8. 
3. RL; 10 kD.; CL= 50 pF to VEE; E = VDD (square-wave); 

Vis= V DD and R L to VEE for tpHz and tpzH; 
Vis= VEE and RL to VDD for tpLz and tpzL; see Fig. 8. 

4. R L = 10 kD.; CL= 15 pF; channel ON; Vis= 'h VDD(p-p) (sine-wave, symmetrical about 'h VDDl; 
fis = 1 kHz; see Fig. 9. 

5. RL = 1 kD.; Vis= 'h VDD(p-p) (sine-wave, symmetrical about Y2 VDDl; 
Vas 

20 log - = -50 dB; see Fig. 10. 
Vis 

6. RL = 10 kD. to VEE; CL= 15 pF to VEE; E or An= VDD (square-wave); crosstalk is I V 0 s [(peak 
value); see Fig. 8. 

7. RL = 1 kD.; CL= 5 pF; channel OFF; Vis= y, VDD(p-p) (sine-wave, symmetrical about 'h VDDl; 
Vas 

20 log - = -50 dB; see Fig. 9. 
Vis 

8. RL = 1 kD.; CL= 5 pF; channel ON; Vis= 'h VDD(p-p) (sine-wave, symmetrical about 'h VDDl; 

Vas 
20 log - = -3 dB; see Fig. 9. 

Vis 
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HEF40518 
MSI 

E 

channel 
ON 

7274585. 1 

Fig. 8. 

(a) 

channel 
OFF 

APPLICATION INFORMATION 

Fig. 10. 

Some examples of applications for the HEF4051 Bare: 

• Analogue multiplexing and demultiplexing. 
• Digital multiplexing and demultiplexing. 
• Signal gating. 

NOTE 

channel 
OFF RL 

Fig. 9. 

channel 
ON 

7274584 

~----~--VEE 

7Z74583 

(b) 

If break before make is needed, then it is necessary to use the enable input. 



HEF40528 
MSI 

DUAL 4-CHANNEL ANALOGUE MULTIPLEXER/DEMULTIPLEXER = 
The HEF4052B is a dual 4-channel analogue multiplexer/demultiplexer with common channel select 
logic. Each multiplexer/demultiplexer has four independent inputs/outputs (Yo to Y3) and a common 
input/output (Z). The common channel select logic includes two address inputs (Ao and A1) and an 
active LOW enable input (E). 

Both multiplexers/demultiplexers contain four bidirectional analogue switches, each with one side 
connected to an independent input/output (Yo to Y3) and the other side connected to a common 
input/output (Z). 

With E LOW, one of the four switches is selected (low impedance ON-state) by Ao and A1. With E 
HIGH, all switches are in the high impedance OFF-state, independent of Ao and Al· 

Voo and Vss are the supply voltage connections for the digital control inputs (Ao, A1 and E). The 
Voo to Vss range is 3 to 15 V. The analogue inputs/outputs (Yo to Y3, and Z) can swing between 
Voo as a positive limit and VEE as a negative limit. Voo - VEE may not exceed 15 V. 

For operation as a digital multiplexer/demultiplexer, VEE is connected to Vss (typically ground). 

Fig. 1 Functional diagram. 

FAMILY DATA 

loo LIMITS category MSI 

see Family Specifications 

10 Ao 

9 A1 

6 I 

16 

LOGIC 
LEVEL 

CONVERSION 

Vss 
8 

G Products approved to CECC 90 104-040. 
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HEF40528 
MSI 

HEF4052B 

Yos Y29 Zs E VEE Vss 

7269504 

Fig. 2 Pinning diagram. 

HEF4052BP: 16-lead DI L; plastic (SOT-38Z). 

PINNING 

YoA to Y3A independent inputs/outputs 

Yos to Y39 

Ao, A1 

E 

ZA,ZB 

independent inputs/outputs 

address inputs 

enable input (active LOW) 

common inputs/outputs 

HEF4052BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HEF4052BT: 16-lead mini-pack; plastic (S0-16;SOT-109A). 

FUNCTION TABLE 

inputs 
-
E A1 Ao 

L L L 
L L H 
L H L 
L H H 
H x x 

RATINGS 

7Z82375.1 

Fig. 3 Schematic diagram (one switch). 

channel 
ON 

YoA-ZA;Yos-Zs 
Y1A-ZA; Y19-Z9 
Y2A-ZA;Y29-Z9 
Y3A-ZA; Y39-Z9 

none 

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

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

Supply voltage (with reference to VDD) VEE -18 to+ 0,5 V 

NOTE 

To avoid drawing VDD current out of terminal Z, when switch current flows into terminals Y, the 
voltage drop across the bidirectional switch must not exceed 0,4 V. If the switch current flows into 
terminal Z, no VDD current will flow out of terminals Y, in this case there is no limit for the voltage 
drop across the switch, but the voltages at Y and Z may not exceed VDD or VEE· 
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Ao 

Dual 4-channel analogue multiplexer/demultiplexer 

LEVEL 
CONVERTER 

Fig. 4 Logic diagram. 

7Z69703.2 

HEF40528 
MSI 

'-------Zs 
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HEf 40528 
MSI 

D.C. CHARACTERISTICS 

Tamb = 25 oc 

Voo-VEE 
v 

5 
ON resistance 10 

15 

5 
ON resistance 10 

15 

5 
ON resistance 10 

15 

'D..' ON resistance 5 
between any two 10 
channels 15 

OFF-state leakage 5 
current, all 10 
channels OFF 15 

OFF-state leakage 5 
current, any 10 
channel 15 

symbol typ. 

350 
RQN 80 

60 

1f5 
RoN 50 

40 

120 
RoN 65 

50 

25 
ARQN 10 

5 

-
lozz -

-
-

lozv -
-

max. conditions 

2500 n l Vjs = 0 to Voo-VEE 245 n 
175 n J 

see Fig. 6 

340 n 
} Vis= 0 160 n 

115 n see Fig. 6 

365 n l Vis= Voo-VEE 200 n 
155 n J see Fig. 6 

- n 
} Vjs = 0 to Voo-VEE - n 

- n see Fig. 6 

- nA 

} - nA Eat Voo 
1000 nA 

- nA 

} - nA Eat Vss 
200 nA 

o~~_.__~~_.__._...__.._...__..__._ ........... 

0 5 10 15 
Voo-VEE (V) 

Fig. 5 Operating area as a function of the supply voltages. 
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Dual 4-channel analogue multiplexer/demultiplexer 

HIGH c ,_ _____ __, 

(from address inputs) 

v 

lis=200µA 

7Z74582.2 

HEF4052B 
MSI 

Fig. 6 Test set-up for measuring RQN· 

7Z82373 

4001------1--+-+-+-+--+-+-+-t--1--+-+-+-+-1 

R 0 N 1------1--+-+-+-+--+-+-+-t--1--+-+-+-+--1 
W) II\ 

3 0 0 ,___..._,_] .___._ VD D = 5 V +-+-+-+-+-+-+--l 

200 

rl ~ 
100 f--+-+-+-+-+-+-f-l10V-+--+--+-+--< 

P" 
kd lt--j;4;;:i:j~--t"i~---f:b.."t-t-115vt--1 

r-

0 
0 5 10 Vis (V) 15 

Fig. 7 Typical RoN as a function of input voltage. 

lis = 200 µA 
Vss =VEE= 0 v 
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HEF40528 
MSI l __ _ 

A.C. CHARACTERISTICS 

VEE= Vss = 0 V; T amb = 25 °c; input transition times< 20 ns 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 I 1 300 fi + L(foCL) x Voo 2 CL= load capacitance (pF) 
dissipation per 10 l 6 100 fj + L(foCL) x Voo 2 L(f0 CL) =sum of outputs 
package (P) 15 15600 fi + L(foCL) x Voo 2 Voo =supply voltage (V) 

A.C. CHARACTERISTICS 

VEE= Vss = 0 V; Tamb = 25 °c; input transition times< 20 ns 

Voo symbol typ. max. 
v 

Propagation delays 

Vis - Vas 5 10 20 ns 

} HIGH to LOW 10 tPHL 5 10 ns note 1 
15 5 10 ns 

5 10 20 ns 

} LOW to HIGH 10 tPLH 5 10 ns note 1 
15 5 10 ns 

An - Vas 5 150 305 ns 

} HIGH to LOW 10 tPHL 65 135 ns note 2 
15 50 100 ns 

5 150 300 ns 

} LOW to HIGH 10 tPLH 75 150 ns note 2 
15 50 100 ns 

Output disable times 
E -vas 5 95 190 ns l 

HIGH 10 tpHz 90 180 ns \ note 3 
15 90 180 ns J 

5 100 205 ns l LOW 10 tpLz 90 180 ns 
J 

note 3 
15 90 180 ns 

Output enable times 
E -Vas 5 130 260 ns l HIGH 10 tpzH 55 115 ns note 3 

15 45 85 ns j 
5 120 240 ns ) 

LOW 10 tpzL 50 100 ns \ note 3 
15 35 75 ns J 

M•y 19831 



Dual 4-channel analogue multiplexer/demultiplexer 

A.C. CHARACTERISTICS 

VEE= Vss = 0 V; Tamb = 25 °c; input transition times.;;;; 20 ns 

Voo symbol typ. max. v 

Distortion, sine-wave 5 0,25 % 
\ note 4 response 10 0,04 01 

10 

15 0,04 % J 
Crosstalk between 5 - MHz 

} note 5 any two channels 10 1 MHz 
15 - MHz 

Crosstalk; enable 5 - mV 
} note 6 or address input 10 50 mV 

to output 15 - mV 

OFF-state 5 - MHz 
} note 7 feed-through 10 1 MHz 

15 - MHz 

ON-state frequency 5 13 MHz 
} note 8 response 10 40 MHz 

15 70 MHz 

NOTES 

Vis is the input voltage at a Y or Z terminal, whichever is assigned as input. 
V 0s is the output voltage at a Y or Z terminal, whichever is assigned as output. 

HEf 40528 
MSI 

1. RL = 10 kn to VEE; CL= 50 pF to VEE; E = Vss; Vis= Voo (square-wave); see Fig. 8. 
2. RL = 10 kn; CL= 50 pF to VEE; E = Vss; An= Voo (square-wave); Vis= Voo and RL to 

for tPLH; Vis= VEE and R L to Voo for tpH L; see Fig. 8. 
3. RL = 10 kn; CL= 50 pF to VEE; E = Voo (square-wave); 

Vis= Voo and R L to VEE for tpHz and tpzH; 
Vis= VEE and R L to Voo for tpLz and tpzL; see Fig. 8. 

4. RL = 10 kn; CL= 15 pF; channel ON; Vis=% VoD(p-p) (sine-wave, symmetrical about Y:z Vool; 
fis = 1 kHz; see Fig. 9. 

5. RL = 1 kn; Vis= Y:z Voo(p-p) (sine-wave, symmetrical about Y:z Voo); 
Vos 

20 log - = -50 dB; see Fig. 10. 
Vis 

6. RL = 10 kn to VEE; CL= 15 pF to VEE; E or An= Voo (square-wave); crosstalk is I Vos j (peak 
value); see Fig. 8. 

7. RL = 1 kn; CL= 5 pF; channel OFF; Vis=% Voo(p-p) (sine-wave, symmetrical about% Voo); 

Vos 
20 log - = -50 dB; see Fig. 9. 

Vis 
8. RL = 1 kn; CL= 5 pF; channel ON; Vis=% Voo(p-p) (sine-wave, symmetrical about Y:z Voo); 

Vos 
20 log - = -3 dB; see Fig. 9. 

Vis 
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Ao 

Ai 

E 

channel 
ON 

l 
Vis 

7Z74586.1 

Fig. 8. 

(a) 

channel 
OFF 

APPLICATION INFORMATION 

Vos 

Fig. 10. 

Some examples of applications for the HEF4052B are: 

• Analo9ue multiplexing and demultiplexing. 
• Digital multiplexing and demultiplexing. 
e Signal gating. 

NOTE 

vis 

channel 
OFF RL 

If break before make is needed, then it is necessary to use the enable input. 

Fig. 9. 

channel 
ON 

Vos 

7 Z74584 

7Z74583 

(b) 



HEF4053B 
MSI 

TRIPLE 2-CHANNEL ANALOGUE MULTIPLEXER/DEMULTIPLEXER 
~ 
~ 

The HEF4053B is a triple 2-channel analogue multiplexer/demultiplexer with a common enable input 
(E). Each multiplexer/demultiplexer has two independent inputs/outputs (Yo and Y 1), a common 
input/output (Z), and select inputs (Sn). Each also contains two-bidirectional analogue switches, each 
with one side connected to an independent input/output (Yo and Y 1) and the other side connected to 
a common input/output (Z). 

With E LOW, one of the two switches is selected (low impedance ON-state) by Sn· With EH IGH, all 
switches are in the high impedance OFF-state, independent of SA to Sc. 

Voo and Vss are the supply voltage connections for the digital control inputs (SA to Sc and E). 
The VD D to V SS range is 3 to 15 V. The analogue inputs/outputs (Yo, Y 1 and Z) can swing between 
Voo as a positive limit and VEE as a negative limit. Voo-VEE may not exceed 15 V. 

For operation as a digital multiplexer/demultiplexer, VEE is connected to Vss (typically ground). 

Fig. 1 Functional diagram. 

FAMILY DATA 

loo LIMITS category MSI 

see Family Specifications 

10 Ss 

9 Sc 

16 

vDD 

LOGIC 
LEVEL 

CONVERSION 

Vss 
B 

e Products approved to CECC 90 104-041. 
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HEF40538 
MSI 

HEF40538 

PINNING 

YoA to Yoe 

Y1A to Y1c 

SA to Sc 

independent inputs/outputs 

independent inputs/outputs 

select inputs 

7Z69505 

Fig. 2 Pinning diagram. 

E 
ZA to Zc 

enable input (active LOW) 

common inputs/outputs 

HEF4053BP: 16-lead DIL;plastic (SOT-38Z). 
HEF4053BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HEF4053BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

FUNCTION TABLE 

I inputs channel 
ON 

E Sn 

L L Yon-Zn 
L H Y1 n·-Zn 
H x none 

RATINGS 

7282376.1 

Fig. 3 Schematic diagram (one switch). 

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

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

Supply voltage (with reference to Voo) VEE 

NOTE 

-18to+0,5 V 

To avoid drawing Voo current out of terminal Z, when switch current flows into terminals Y, the 
voltage drop across the bidirectional switch must not exceed 0,4 V. If the switch current flows into 
terminal Z, no Voo current will flow out of terminals Y, in this case there is no limit for the voltage 
drop across the switch, but the voltages at Y and Z may not exceed Voo or VEE· 
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Triple 2-channel analogue multiplexer/demultiplexer 

E 

LEVEL 
CONVERTER 

Fig. 4 Logic diagram. 

HEF4053B 
MSI 

.---------- ZA 

Yoe 

7Z69825.2 
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D.C. CHARACTERISTICS 

Tamb = 25 oc 

Voo-VEE 

ON resistance 

ON resistance 

ON resistance 

'ti.' ON resistance 
between any two 
channels 

OFF-state leakage I 
current, all I 
channels OFF 

0 FF-state I. eakagel 
current, any 
channel 

v 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

symbol 

RoN 

RoN 

RoN 

t.RoN 

lozz 

lozv 

typ. max. conditions 

350 2500 n 1 Vis= 0 to Voo-VEE 80 245 n 
60 175 n j see Fig. 6 

115 340 n l Vis= 0 50 160 n 
40 115 n j see Fig. 6 

120 365 n 
} Vis= Voo-VEE 65 200 n see Fig. 6 

50 155 n 
25 - n 1 Vis= 0 to Voo-VEE 10 - n 
5 - n j see Fig. 6 

- - nA 

J Eat Voo - - nA 
- 1000 nA 

- - nA 

J Eat Vss - - nA 
- 200 nA 

o~~~~~~~~~~~~ 

0 5 10 15 
Voo-VEE (V) 

Fig. 5 Operating area as a function of the supply voltages. 
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400 

RON 
(n) 

300 

200 

100 

I 

i 
kd v 

0 
0 

ll 

HIGH n-------1 

( from address inputs) 

lis=200µA 

7Z74582.2 

Fig. 6 Test set-up for measuring RoN· 

7 Z823 73 

v00 = 5 v 

' J 
lOV 

J..-1'. f---j 
15 v 

N 

5 10 Vis ( V) 15 

Fig. 7 Typical RoN as a function of input 
voltage. 

lis = 200 µA 
Vss =VEE= 0 v 
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A.C. CHARACTERISTICS 

VEE= V55 = 0 V; T amb = 25 oc; input transition times.;;; 20 ns 

Voo typical formula for P (µ.W) v 

Dynamic power 5 2.500 ti+ ~(f0CL) x Voo 2 

dissipation per 10 11 500 ti+ ~(t0CL) x Voo 2 

package (P) 15 29 ooo ti+ ~(f0CL) x Voo 2 

'--------·-

A.C. CHARACTERISTICS 

VEE= Vss = 0 V; T amb = 25 °c; input transition times.;;; 20 ns 

Voo symbol typ. max. v 

Propagation delays 

Vis - Vos 5 10 20 ns 
HIGH to LOW 10 tPHL 5 10 ns 

15 5 10 ns 

5 15 30 ns 
LOW to HIGH 10 tPLH 5 10 ns 

15 5 10 ns 

Sn - Vos 5 200 400 ns 
HIGH to LOW 10 tPHL 85 170 ns 

15 65 130 ns 

5 275 555 ns 
LOW to HIGH 10 tPLH 100 200 ·ns 

15 65 130 ns 

Output disable times 
E - Vos 5 200 400 ns 

HIGH 10 tpHz 115 230 ns 
15 110 220 ns 

5 200 400 ns 
LOW 10 tpLz 120 245 ns 

15 110 215 ns 

Output enable times 
E - Vos 5 260 525 ns 

HIGH 10 tpzH 95 190 ns 
15 65 130 ns 

5 280 565 ns 
LOW 10 tpzL 105 205 ns 

15 70 140 ns 

338 October 19801 

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
~(f0CL) =sum of outputs 
Voo =supply voltage (V) 

1 note 1 
J 

} note 1 

} note 2 

} note 2 

} note 3 

} note 3 

} note 3 

} note 3 



Triple 2-channel analogue multiplexer/demultiplexer 

A.C. CHARACTERISTICS 

VEE= Vss = 0 V; Tamb = 25 °C; input transition times< 20 ns 

I I 

HEF4053B 
MSI 

1-D-is-to_r_t-io_n_, -si_n_e_._w_a_v_e--+-V-~-SD-~•ymbo~ D•::-m" : 11---==- .. ---n-- ~ 
response 10 0,04 % I J note 4 I 

15
5 

o.o4 % I 
Crosstalk between MHz \ · 

Cc:~.,'.:o,::::~''' :: ~~: ' )J note 5 
1

, 

or address input 10 50 mV I J\ note 6 
to output 15 mV I 

OFF-state 5 MHz j 

0 ~~s::t:h :~e:g:~ncy l : ! ~: ~ :: I : oo" 7 

response 10 40 MHz J note 8 

~---------------- _ _!_!?_--" _______ 7_9 ______ MHz __________ _ 

NOTES 

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

1. RL = 10 kn to VEE; CL= 50 pF to VEE; E = Vss; Vis= Voo (square-wave); see Fig. 8. 
2. RL = 10 kn; CL= 50 pF to VEE; E = Vss; Sn= Voo (square-wave); Vis= Voo and RL to VEE 

for tPLH; Vis= VEE and RL to Voo for tPHL; see Fig. 8. 
3. RL = 10 kn; CL= 50 pF to VEE; E = Voo (square-wave); 

Vis= Voo and R L to VEE for tpHz and tpzH; 
Vis= VEE and RL to Voo for tpLz and tpzL; see Fig. 8. 

4. RL = 10 kn; CL= 15 pF; channel ON; Vis=% Voo(p-p) (sine-wave, symmetrical about% Voo); 
fis = 1 kHz; see Fig. 9. 

5. R L = 1 kn; Vis=% Voo(p-p) (sine-wave, symmetrical about% Vool; 
Vos 

20 log - = -50 dB; see Fig. 10. 
Vis 

6. RL = 10 kn to VEE; CL= 15 pF to VEE; E or Sn= Voo (square-wave);crosstalk is I V 0 s I (peak 
value); see Fig. 8. 

7. RL = 1 kn; CL= 5 pF; channel OFF; Vis=% Voo(p-p) (sine-wave, symmetrical about% Vool; 

Vos 
20 log - = -50 dB; see Fig. 9. 

Vis 
8. RL = 1 kn; CL= 5 pF; channel ON; Vis=% Voo(p-p) (sine-wave, symmetrical about% Vool; 

Vos 
20 log - = -3 dB; see Fig. 9. 

Vis 

(October 1980 339 



HEF40538 
MSI 

E 

channel 
ON 

7Z74588.1 

Fig. 8. 

(a) 

channel 
OFF 

APPLICATION INFORMATION 

Fig. 10. 

Some examples of applications for the HEF4053B are: 

• Analogue multiplexing and demultiplexing. 
• Digital multiplexing and demultiplexing. 
• Signal gating. 

NOTE 

channel 
OFF RL 

If break before make is needed, then it is necessary to use the enable input. 

340 October 1980~ 

----VEE 

7Z74584 

Fig. 9. 

channel 
ON 

-------VEE 
7Z74583 

(b) 
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PROGRAMMABLE DIVIDE-BY-N COUNTER 

The HEF4059B is a divide-by-n counter which can be programmed to divide an input frequency by 
any number n from 3 to 15 999. The output signal is a one clock-cycle wide pulse and occurs at a rate 
equal to the input frequency divided by n. The single output (0) has TTL drive capability. The down 
counter is preset by means of 16 jam inputs (J1 to J16); continued on next page. 

3 4 5 6 22 21 20 19 18 17 16 15 7Z84351 

1 st 
1 CP COUNTING 

SECTION 
7 10, 8, 5. 4, 2 710 

14 Ka 

13 Kb MODE 

11 Kc SELECTION 

Voo Vss 

24 12 

HEF4059B 

preset enable 

-=--=-1-, 
- ----l-t--, 

7 10 

5th 
COUNTING 
SECTION 

+ 1,2,2,4,8 

t 
I __________ _J 

f 
I 
I 
I _______________ ...J 

PRESET 

ENABLE 

Fig. 1 Functional block diagram. 

7ZB4353 

PINNING 

CP 
Ka, Kb, Kc 
J1 to J15 
EL 
0 

EL 

2 

clock input 

OUTPUT 

STAGE 

0 

23 

mode select inputs 
programmable jam inputs (BCD) 
latch enable input 
divide-by-n output 

Fig. 2 Pinning diagram. 
HEF4059BP: 24-lead DIL;plastic (SOT-101A). 
HEF4059BD: 24-lead DIL;ceramic(cerdip) (SOT-94). 
HEF4059BT: 24-lead mini-pack; plastic 

(S0-24; SOT-137A). 
FAMILY DATA 

see Family Specifications 
loo LIMITS catagory MSI 
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The three mode selection inputs Ka, Kb and Kc determine the modulus ('divide-by' number) of the 
first and last counting sections in accordance with Table 1. 
Every time the first (fastest) counting section goes through one cycle, it reduces, by 1, the number 
that has been preset (jammed) into the three decades of the intermediate counting section and into 
the last counting section (which consists of flip-flops that are not needed for operating the first 
counting section). 
For example, in the+ 2 mode, only one flip-flop is needed in the first counting section. Therefore the 
last (5th) counting section has three flip-flops that can be preset to a maximum count of seven with 
a place value of thousands. 
This counting mode is selected when Ka, Kb and Kc are set to HIGH. In this case input J1 is used to 
preset the first counting section and J2 to J4 are used to preset the last (5th) counting section. 
If+ 10 mode is desired for the first section, Ka is set HIGH, Kb to HIGH and Kc to LOW. The jam 
inputs J 1 to J4 are used to preset the first counting section and there is no last counting section. The 
intermediate counting section consists of three cascaded BCD decade(+ 10) counters, presettable by 
means of the jam inputs J5 to J 16· 
When clock pulses are applied to the clock input after a number n has been preset into the counter, the 
counter counts down until the DETECTION circuit detects the zero state. At this time the PRESET 
ENABLE circuit is enabled to preset again the number n into the counter and to produce an output 
pulse. 
The preset of the counter to a desired+ n is achieved as follows: 

n =(MODE*) (1000 x decade 5 preset+ 100 x decade 4 preset+ 10 x decade 3 preset 
+ 1 x decade 2 preset) + decade 1 preset. 
* MODE= first counting section divider ( 10, 8, 5, 4 or 2). 

To calculate preset values for any n count, divide then count by the selected mode. The resultant is 
the corresponding preset values of the 5th to the 2nd decade with the remainder being equal to the 
1st decade value. 

preset value= _n_. 
mode 

If n = 8479, and the selected mode= 5, the preset value= 8479 + 5 = 1695 with a remainder of 4, thus 
the jam inputs must be set as follows: 

4 1 5 9 6 

J1 J2 J3 J4 J5 J5 J1 Jg Jg J1o 

LLHHHLHLH L 

The mode select inputs permit frequency-synthesizer channel separations of 10, 12,5, 20, 25 and 50 
parts. These inputs set the maximum value of n at 9999 (when the first counting section divides by 
5 or 10) or at 15 999 (when the first counting section divides by 8, 4 or 2). 
The three decades of the intermediate counting section can be preset to a binary 15 instead of a 
binary 9. In this case the first cycle of a counter consists of 15 count pulses, the next cycles consisting 
of 10 count pulses. Thus the place value of the three decades are still 1, 10 and 100. For example, in 
the+ 8 mode, the number from which the intermediate counting section begins to count-down can be 
preset to: 

3rd decade: 1500 
2nd decade: 150 
1st decade: 15 

1665 
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Programmable divide-by-n counter HEF40598 
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The last counting section can be preset to a maximum of 1, with a place value of 1000. The total of 
these numbers (2665) times 8 equals 21 320. The first counting section can be preset to a maximum 
of 7. Therefore, 21 327 is the maximum possible count in the+ 8 mode. The highest count of the 
various modes is shown in Table 1, in the column entitled 'extended counter range'. Control inputs 
Kb and Kc can be used to initiate and lock the counter in the 'master preset' mode. In this condition 
the flip-flops in the counter are preset in accordance with the jam inputs and the counter remains in 
that mode as long as Kb and Kc both remain LOW. The counter begins to run down from the preset 
state when a counting mode other than the 'master preset' mode is selected. Whenever the 'master 
preset' mode is used, control signals Kb= L and Kc= L must be applied for at least 3 full clock pulses. 
After the master preset mode inputs have been changed to one of the counting modes, the next 
positive-going clock transitition changes an internal flip-flop so that the count-down can begin at the 
second positive-going clock transition. Thus, after a 'master preset' mode, there is always one extra 
count before the output goes HIGH. Figure 3 i I lustrates the operation of the counter in mode+ 8 
starting from the preset state 3. 

CP INPUT 

Kc INPUT 

(Ka, Kb= LOW) 

internal state 
of counter 

0 OUTPUT 

J 
3 3 3 3 2 1 3 

n 
Fig. 3 Total count of 3. 

2 1 3 2 1 3 

n n_ 
7Z84352 

If the 'master preset' mode is started two clock cycles or less before an output pulse, the output pulse 
will appear at the time due. If the 'master preset' mode is not used the counter is preset in accordance 
with the 'jam inputs when the output pulse appears. A HIGH level at the latch enable input (EL) will 
cause the counter output to remain in the HIGH state until EL input returns to LOW. If the EL input is 
LOW, the output pulse will remain HIGH for only one cycle of the clock input signal. 
When Ka= L, Kb= H, Kc= Land EL= L, the counter operates in the 'preset inhibit' mode, with which 
the dividend of the counter is fixed to 10 000, independent of the state of the jam inputs. 
When in the same state of mode select inputs EL = H, the counter operates in the normal + 10 mode, 
however, without the latch operation at the output. 
Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock rise and fall 
times. 
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Table 1 

latch 
enable 
input 

EL Ka 

x H 

x L 

x H 

x ' L 

x H 

H L 

L L 

x x 

mode 
select 
inputs 

Kb 

H 

1-1 

L 

L 

H 

H 

H 

L 

first counting section 

I MODE j max. jam 

Kc 
I divides 1 preset inputs 
by state used 

H 2 1 J1 

H 4 3 J1J2 

H 5 4 J 1J2J3 

H 8 7 JiJ2J3 

__ :___i_1_ o 9 J1J2J3J4 

L I 10 9 J1J2J3J4 

L preset inhibit 

L master preset 
··--·-· 

D.C. CHARACTERISTICS Vss = 0 v 

Voo 
Tamb (OC) 

v symbol 
-40 + 25 
min. min. 

Output (sink) 4,75 2,7 2,3 
current LOW 10 loL 9,5 8 

15 24 20 

Output (source) 5 0,8 0,7 
current HIGH 10 -101-1 2,4 2 

15 8,4 7 

Output (source) 
current HIGH 5 -loH 2,4 2 

May 19831 

last counting section counter range 

--,------
MODE max. jam design extended 

divides preset inputs 
by state used 

max. max. 

8 7 J2J3J4 15999 17 331 

4 3 J3J4 15999 18663 

2 1 J4 9999 13 329 

2 1 J4 15999 21 327 

1 0 - 9999 16 659 

1 0 - 9999 16 659 

preset inhibit 
fixed 
10000 

-

master preset - -

+ 85 
unit 

min. 

1,8 mA Vo= 0,4 V; VI = 0 or 4,75 V 
6,3 mA Vo= 0,5 V; Vi= 0 or 10 V 

16 mA Vo= 1,5 V; VI = 0 or 15 V 

0,5 mA Vo= 4,6V;V1 =Oor 5V 
1,6 mA Vo= 9,5 V; Vi= 0 or 10 V 
5,6 mA Vo= 13,5 V; Vi= o or 15 v 

1,6 mA Vo= 2,5V;V1 =Oor 5V 



Programmable divide-by-n counter 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; input transition times.,;;; 20 ns 

Voo typical formula for P (µW) v 

Dynamic power 5 1100 fi + L(foCL) x Voo 2 

dissipation per 10 5 500 fi + ~(f0CL) x v00 2 

package (P); n = 3 15 15 000 fi + L(foCL) x Voo 2 

5 500 fi + L(foCL) x Voo 2 

n = 1000 10 3 500 fi + L(foCL) x Voo 2 

15 9000 fi + L(foCL) x Voo 2 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °C; CL= 50 pF; input transition times.,;;; 20 ns 

Voo symbol min. typ. max. v 

Propagation delays 5 90 180 ns 
CP- 0 10 tPHL 45 90 ns 

HIGH to LOW 15 35 70 ns 

5 100 200 ns 
LOW to HIGH 10 tPLH 50 100 ns 

15 40 80 ns 

Output transition 
times 5 30 60 ns 

HIGH to LOW 10 tTHL 15 30 ns 
15 10 20 ns 

5 45 90 ns 
LOW to HIGH 10 tTLH 25 50 ns 

15 16 32 ns 

Maximum clock 5 3,5 7 MHz 
pulse frequency 10 fmax 7,5 15 MHz 

15 10,0 20 MHz 

where 

HEf 40598 
MSI 

fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 

typical extrapolation 
formula 

78 ns + (0,25 ns/pF) CL 
40 ns + (0,10 ns/pF) CL 
32 ns + (0,07 ns/pF) CL 

76 ns + (0,48 ns/pF) CL 
40 ns + (0,20 ns/pF) CL 
33 ns + (0,15 ns/pF) CL 

10 ns + (0,40 ns/pF) CL 
6 ns+ (0,18 ns/pF) CL 
4 ns+ (0,13 ns/pF) CL 

10 ns + (0,70 ns/pF) CL 
9 ns + (0,33 ns/pF) CL 
5 ns + (0,23 ns/pF) CL 
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14-STAGE RIPPLE-CARRY BINARY COUNTER/DIVIDER 

AND OSCILLATOR 

The HEF4060B is a 14-stage ripple-carry binary counter/divider and oscillator with three oscillator 
terminals (RS, RTc and CTcl. ten buffered outputs (03 to Og and 011to013) and an overriding 
asynchronous master reset input (MR). The oscillator configuration allows design of either RC or 
crystal oscillator circuits. The oscillator may be replaced by an external clock signal at input RS. The 
counter advances on the negative-going transition of RS. A HIGH level on MR resets the counter (03 
to Og and 011 to 013 = LOW), independent of other input conditions. 
Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock rise and fall 
times. 

10 9 

>r>--<.......:~cp 14-STAGE BINARY COUNTER 

12 MR 

16 15 14 

Voo Og 07 MR 

HEF4060B 

011 0 12 °13 05 04 

1 2 3 

Fig. 2 Pinning diagram. 

RS 

06 

6 

Co 

7 5 4 6 14 

Fig. 1 Functional diagram. 

RTc CTc 

03 Vss 
7 8 

7Z84432 

PINNING 

MR 
RS 
RTc 
CTc 
03 to Og 
011 to 013 

HEF4060BP: 16-lead DIL;plastic (SOT-38Z). 
HEF4060BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HEF4060BT: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

FAMILY DATA 
} see Family Specifications 

loo LIMITS category MSI 

13 15 1 2 3 

7Z84437.1 

master reset 
clock input/oscillator pin 
oscillator pin 
external capacitor connection 

} counter outputs 
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14-stage ripple-carry binary counter/divider and oscillator 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times< 20 ns 

Voo symbol min. typ. max. v 

Propagation delays 

RS - 03 5 210 420 ns 
HIGH to LOW 10 tPHL 80 160 ns 

15 50 100 ns 

5 210 420 ns 
LOW to HIGH 10 tPLH 80 160 ns 

15 50 100 ns 

On - On+ 1 5 25 50 ns 
HIGH to LOW 10 tPHL 10 20 ns 

15 6 12 ns 

5 25 50 ns 
LOW to HIGH 10 tPLH 10 20 ns 

15 6 12 ns 

MR -on 5 100 200 ns 
HIGH to LOW 10 tPHL 40 80 ns 

15 30 60 ns 

Output transition 5 60 120 ns 
times 10 tTHL 30 60 ns 

HIGH to LOW 15 20 40 ns 

5 60 120 ns 
LOW to HIGH 10 tTLH 30 60 ns 

15 20 40 ns 

Minimum clock pulse 5 120 60 ns 
width input RS 10 twRSH 50 25 ns 

HIGH 15 30 15 ns 

Minimum MR pulse 5 50 25 ns 
width; HIGH 10 twMRH 30 15 ns 

15 20 10 ns 

Recovery time 5 160 80 ns 
for MR 10 tRMR 80 40 ns 

15 60 30 ns 

Maximum clock pulse 5 4 8 MHz 
frequency input RS 10 fmax 10 20 MHz 

15 15 30 MHz 

HEf 40608 
MSI 

typical extrapolation 
formula 

183 ns + (0,55 ns/pF) CL 
69 ns + (0,23 ns/pF) Cl 
42 ns + (0, 16 ns/pF) Cl 

183 ns + (0,55 ns/pF) Cl 
69 ns + (0,23 ns/pF) CL 
42 ns + (0, 16 ns/pf) Cl 

73 ns + (0,55 ns/pf) CL 
29 ns + (0,23 ns/pF) Cl 
22 ns + (0, 16 ns/pF) Cl 

10 ns + (1,0 ns/pF) Cl 
9 ns + (0,42 ns/pf) cl 
6 ns + (0,28 ns/pF) Cl 

10 ns + (1,0 ns/pF) CL 
9 ns + (0,42 ns/pF) CL 
6 ns + (0,28 ns/pf) CL 
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A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 oc; input transition times.;:; 20 ns 

350 

Dynamic power dissipation 
per package 
(P) 

Total power dissipation 
when using the 
on-chip oscillator (P) 

•where: 

fi =input frequency (MHz) 
f0 =output frequency (MHz) 
CL =load capacitance (pF) 
Voo =supply voltage (V) 
Ct =timing capacitance (pF) 

Voo 
v 

5 
10 
15 

5 
10 
15 

f05c =oscillator frequency (MHz) 

May 19831 

typical formula for P (µW)* 

700 fi + f0 CL Voo2 
3 300 fi + f0 CL v0 0 2 
8 900 fi + f0 CL v002 

700 fosc + foCL Voo2 + 2CtV002fosc + 690 v00 
3 300 fosc + foCL Voo2 + 2CtV002 fosc + 6900 v00 
8900 fosc + f0 CL Voo2 + 2CtVoo2fosc + 22 000 Voo 



14-stage ripple-carry binary counter/divider and oscillator 

RC oscillator 

MR (from logic) HEF4060B 

11 RS 

10 9 

R2 

7Z84434 

Fig. 4 External component connection for RC oscillator. 

Timing component limitations 

HEF40608 
MSI 

Typical formula for oscillator 
frequency: 

f = 1 
osc 2,3 x Rt x Ct 

The oscillator frequency is mainly determined by RtCt, provided Rt<< R2 and R2C2 << RtCt. The 
function of R2 is to minimize the influence of the forward voltage across the input protection diodes 
on the frequency. The stray capacitance C2 should be kept as small as possible. In consideration of 
accuracy, Ct must be larger than the inherent stray capacitance. Rt must be larger than the LOCMOS 
'ON' resistance in series with it, which typically is 500 Q at Voo = 5 V, 300 Q at Voo = 10 V and 
200 Q at Vo o = 1 5 V. 

The recommended values for these components to maintain agreement with the typical oscillation 
formula are: 

Ct;;;. 100 pF, up to any practical value, 
10 kQ <Rt< 1 MQ. 

Typical crystal oscillator circuit 

In Fig. 5, R2 is the power limiting resistor. For starting and maintaining oscillation a minimum 
transconductance is necessary. 

Fig. 5 External component connection for 
crystal oscillator. 

C3 

MR (from logic) 

11 RS 

R bias 

100 kQ to 1 Mn 

22 to 
37 pF 

C2 

HEF4060B 

10 

R2 
2,2kQ 

100pF 

7Z84433 
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R bias = 560 kQ 

o,4 7 µ.F input output 100 µ.F 

Vi~~ l 
(f = 1 kHz) A io"' 

o---------Vss 
7Z84363 

Fig. 6 Test set-up for measuring forward transconductance gfs = di 0 /dvi at v0 is constant (see also 
graph Fig. 7); MR= LOW. 

7284364 

101-+-+-+--+--+--+-+-+--11-+-+-+--+--+-1 

9fs B~ 
(mA/V)1-+--+---+-+-~-+--+--+-+--.o1J......-~~--+--+----l 

V1 
7,5 J;T A~ 

JL ~ 

_J_ v 

[L v v 
j_] lZ 

2 ,5 t-+-+--t--1Hl>+,l/H-_L~-+--+-+-+-+--+--t 

l'j_ 1 

o~~~~~~~~~~~~~ 

0 5 10 Voo (V) 15 

Fig. 7 Typical forward transconductance gfs as 
a function of the supply voltage at T amb = 25 °c. 
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Curves in Fig. 7: 

A: average 
B : average + 2 s, 
C: average -2 s, in where: 

's' is the observed standard 
deviation. 



14-stage ripple-carry binary counter/divider and oscillator HEF406C•J 
MSI 

10~~~~~~~~~~~~~~~~ 

103 105 Rt (!1) 106 

10-4 10- 2 Ct (µFl 10-t 

Fig. 8 RC oscillator frequency as a function of Rt and Ct at Voo = 5 to 15 V; Tamb = 25 oc. 

Ct curve at Rt= 100 kn; R2 = 470 kn. 
Rt curve at Ct= 1 nF; R2 = 5 Rt. 

0 .+- ·-
~-~-~ -- -t--r-- - - t-- -- -- - 5V 

~-- r--
-4f--+~--t-~t-----+~-+----+~-+-~+----+~-+-~+--+~--t-~t-----+~-+----+~-+-~+--~ 

-12L_-'-~--'-~~-'--~_L____J_~-'--~°--__J_~__J_~L__L~--'----'~-'--~_L____J_~-'--~°--_J 

-50 0 50 100 150 

Fig. 9 Oscillator frequency deviation (.6.foscl as a function of ambient temperature; referenced at: fosc 
at Tamb = 25 °c and Voo = 10 V. 

-- Rt= 100 kn; Ct= 1 nF; R2 = 0. 
- - - Rt = 100 kn; Ct = 1 n F; R 2 = 300 kn. 
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HEf 40668 
gates 

QUADRUPLE BILATERAL SWITCHES 

The HEF4066B has four independent bilateral analogue switches (transmission gates). Each switch has 
two input/output terminals (Y/Z) and an active HIGH enable input (E). When Eis connected to Voo 
a low impedance bidirectional path between Y and Z is established (ON condition). When E is 
connected to Vss the switch is disabled and a high impedance between Y and Z is established (OFF 
condition). 

The HEF4066B is pin compatible with the HEF4016B but exhibits a much lower ON resistance. In 
addition the ON resistance is relatively constant over the full input signal range. 

Fig. 1 Functional diagram. 

PINNING 

Eo t~ EJ enable inputs 

Yo to Y3 input/output terminals 

Zo t~ Z3 input/output terminals 

7Z69571.2 
Fig. 2 Pinning diagram. 

HEF4066BP: 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4066BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HEF4066BT: 14-lead mini-pack; plastic 

yn 

(S0-14; SOT-108A). 

APPLICATION INFORMATION 

An example of application for the HEF4066B is: 

• Analogue and digital switching 

Zn 7274626.2 

Fig. 3 Schematic diagram (one switch). 

G Products approved to CECC 90 104-042. 355 



HEF4066B 
gates 

RATINGS 

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

Power dissipation per switch p max. 100 mW 

For other RATINGS see Family Specifications 

D.C. CHARACTERISTICS 

Tamb = 25 oc 

C-rf Voo symbol min. typ. max. conditions 

------- v --·----

I 5 350 2500 n l En at Voo 
I 

ON resistance I 10 RoN 80 245 n 
J 

Vis= Vss to Voo 
15 60 175 n see Fig. 4 

5 115 340 n l En at v 00 
ON resistance 10 IRoN 50 160 n 

J 
Vis= Vss 

15 40 115 n see Fig. 4 

5 120 365 n l En at v 00 
ON resistance 10 RoN 65 200 n 

J 
Vis= Voo 

15 50 155 n see Fig. 4 

'A' ON resistance 5 25 n l En at v 00 
between any two 10 ARoN 10 n vis= Vss to Voo 
channels 15 5 n J see Fig. 4 

OFF state leakage 5 nA 

1 
current, any 10 loz nA En at Vss 
channel OFF 

I " 1 
200 nA - En input voltage I 5 2,25 1 v 

} - LOW 10 VIL 4,50 2 v 
lis= 10µA - ---------___ J _ -~ 5__ ---- 6,75 2 v 
see Fig. 9 

--------

,----- ____ T ___ - ------------ ----
Voo symbol Tamb (OC) conditions 

- ---1 v_ 
-40 + 25 +85 
max. max. max. 

----~·----

Quiescent device I 5 1,0 1,0 7,5 µA l Vss = O; all valid 
current 10 loo 2,0 2,0 15,0 µA 

J 
input combinations; 

15 4,0 4,0 30,0 µA V1 = Vss or Voo '"""' '"'''' . l current at En 15 ± l1N 300 1000 nA En at Vss or Voo 
----- -·-------·-··----···--· .. ---

356 Moy 19861 



Quadruple bilateral switches HEF4066B 
gates 

Vis= Vss to Voo lis= 200µA 

7274577.2 

Fig. 4 Test set-up for measuring RQN· 

400 

RoN 
(n) 

300 

200 

100 

d 
....... 

I 0 
0 

NOTE 

~ 
v00 = 5 v 

is: 

~ 

5 

7282373 

10V 
J..-1' t-15 v 

T' 

10 Vis (V) 15 

Fig. 5 Typical RoN as a function of input voltage. 

En at Voo 
lis = 200 µA 
v55 = ov 

To avoid drawing Voo current out of terminal Z, when switch current flows into terminals Y, the 
voltage drop across the bidirectional switch must not exceed 0,4 V. If the switch current flows into 
terminal Z, no Voo current will flow out of terminals Y, in this case there is no limit for the voltage 
drop across the switch, but the voltages at Y and Z may not exceed Voo or V55. 
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HEF4066B 
gates 

A.C. CHARACTERISTlCS 

Vss = 0 V; Tamb = 25 oc; input transition times.;;;; 20 ns 

Voo symbol typ. max. v 

Propagation delays 

I } note 1 
Vis - Vos 5 10 20 ns 

HIGH to LOW 10 tPHL 5 10 ns 
15 5 10 ns 

5 10 20 ns 
} note 1 LOW to HIGH 10 tPLH 5 10 ns 

15 5 10 ns 

Output disable times 

En - Vos 5 80 160 ns 

} HIGH 10 tpHz 65 130 ns note 2 
15 60 120 ns 

5 80 160 ns 

} LOW 10 tpLz 70 140 ns note 2 
15 70 140 ns 

Output enable times 

En - Vos 5 40 80 ns 

} HIGH 10 tpzH 20 40 ns note 2 
15 15 30 ns 

5 45 90 ns 

} LOW 10 tpzL 20 40 ns note 2 
15 15 30 ns 

Distortion, sine-wave 5 0,25 % 

} response 10 0,04 % note 3 
15 0,04 % 

Crosstalk between 5 - MHz 

} any two channels 10 1 MHz note 4 
15 - MHz 

Crosstalk; enable 5 - mV 

} 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 1 response 10 90 MHz 
J 

note 7 
15 - MHz 

Voo typical formula for P (µW) where 
v fi = input freq. (MHz) 

f0 =output freq. (MHz) 
Dynamic power 5 800 ti+ :E(f0 CLl x v002 CL= load capacitance (pF) 

dissipation per 10 3500 ti+ :E(f0 CLl x v002 :E(f0 CL) =sum of outputs 
package (P) 15 10 100 ti+ :E(f0 CLl x v00 2 Voo =supply voltage (V) 



Quadruple bilateral switches HEF4066B 
gates 

NOTES 

Vis is the input voltage at a Y or Z terminal, whichever is assigned as input. 
V 0s is the output voltage at a Y or Z terminal, whichever is assigned as output. 

1. RL = 10 k.Q to V55; CL= 50 pF to V55; En= Voo; Vis= Voo (square-wave); see Figs 6 and 10. 
2. RL = 10 k.Q; CL= 50 pF to V55; En= Voo (square-wave); 

Vis= Voo and RL toVss fortpHz and tpzH; 
Vis = Vss and R L to Voo for tpLz and tpzL; see Figs 6 and 11. 

3. RL = 10 kn; CL= 15 pF; En= Voo; Vis= Y:. Voo(p-p) (sine wave, symmetrical about Y:. Vool; 
fis = 1 kHz; see Fig. 7. 

4. RL = 1 kil; Vis= Y:. Voo(p-p) (sine-wave, symmetrical about Y:. Vool; 
Vos (B) 

20 log--) = -50 dB; En (A)= V55; En (B) = Voo; see Fig. 8. 
Vis (A 

5. RL = 10 k.Q to V55; CL= 15 pF to V55; En= Voo (square-wave); crosstalk is I Vos j (peak value); 
see Fig. 6. 

6. RL = 1 kil; CL= 5 pF; En= V55; Vis= Y:. Voo(p-p) (sine-wave, symmetrical about Y:. Vool; 
Vos 

20 log - = -50 dB; see Fig. 7. 
Vis 

7. RL = 1 kil; CL= 5 pF; En= Voo; Vis= Y:. Voo(p-p) (sine-wave, symmetrical about Y:. Vool; 
Vos 

20 log - = -3 dB; see Fig. 7. 
Vis 

Vis ----.....----"""" 

7Z74581.2 

Fig. 6. 

7Z74579.1 

Fig. 7. 



HEF40668 
gates 

Vis (A) -----;----.... 

En (B) --t> 
RL RL RL 

Vss 
(a) Vss (b) 7Z74590.2 

Fig. 8. 

Vss----+----~ Voo 

7Z79896 

Fig. 9. 

360 Oct<>t>e• 1980) 



Quadruple bilateral switches HEf 40668 
gates 

20ns 20ns - - - -
1r-----------~-1--~~~~voo 

90% 

50% 

10% -----Vss 

50% 

-
7Z79897 

Fig. 10 Waveforms showing propagation delays from Vis to Vos· 

20ns 20 ns - - - -
r-------------.1-+~~~~~~~~~~~~Voo 

90% 

En INPUT 50% 

10% 
----------- Vss 

Vos ( 1) 

-
Vos (2) 

- 7Z79898 - tpzL 

(1) Vis at Voo; (2) Vis at V55. 

Fig. 11 Waveforms showing output disable and enable times. 

( Ootob" 1980 361 



/ 



HEF4067B 
MSI 

~ 
16-CHANNEL ANALOGUE MULTIPLEXER/DEMULTIPLEXER ~ 

The HEF4067B is a 16-channel analogue multiplexer/demultiplexer with four address inputs (Ao to 
A3), an active LOW enable input (E), sixteen independent inputs/outputs (Yo to Y 15) and a common 
input/output (Z). 

The device contains sixteen bidirectional analogue switches, each with one side connected to an 
independent input/output (Yo to Y 15) and the other side connected to the common input/output (Z). 

With E LOW, one of the sixteen switches is selected (low impedance ON-state) by Ao to A3· All 
unselected switches are in the high impedance OFF-state. With E HIGH all switches are in the high 
impedance OFF-state, independent of Ao to A3· 

The analogue inputs/outputs (Yo to Y15 and Z) can swing between Voo as a positive limit and Vss as 
a negative limit. Voo to Vss may not exceed 15 V. 

Fig. 1 Functional diagram. 

FAMILY DATA 

loo LIMITS category MSI 

see Family Specifications 

~ Products approved to CECC 90 104-043. 

10 Ao 

15 E 

1- of-16 

DECODER 

Yo 9 

Y1 8 

Y2 7 

Y3 6 

Y4 5 

Y5 4 

Y5 3 

Y7 2 

Yg 23 

Y9 22 

Y10 21 

Y11 20 

Y12 19 

Y13 18 

Y14 17 

Y15 16 

z 1 

7Z73694.3 
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.h:llif40678 

364 

MSI 

Y10 Y11 A3 

HEF4067B 

HEF4067BP: 24-lead DI L; plastic 
(SOT-101A). 

HEF4067BD: 24-lead DI L; ceramic 
(cerdip) (SOT-94). 

z Y7 Ys Ys Y4 Y3 Y2 v, Yo Ao A, Vss HEF4067BT: 24-lead mini-pack;plastic 
(S0-24; SOT-137A). 

Fig. 2 Pinning diagram. 

PINNING 

Yo to v15 
Ao to A3 
E 
z 

independent inputs/outputs 
address inputs 
enable input (active LOW) 
common input/output 

7Z73693.1 

7Z82379.1 

Fig. 3 Schematic diagram (one switch). 

, .... 
inputs 

R A3 A2 A1 Ao 

L L L L 
L L L L H 
L L L H L 
L L L H H 

' 
L L H L L 

I L L H L H 

I L L H H L 
L L H H H 
L H L L L 
L H L L H 
L H L H L 
L H L H H 
L H H L L 
L H H L H 
L H H H L 
L H H H H 
H x x x x 

Moy 1983 \ 

channel 

ON 

Yo-Z 
Y1 -Z 
Y2-Z 
Y3-Z 
Y4-Z 
Y5-Z 
Y5-Z 
Y7-Z 
Ys-Z 
Yg-Z 
Y10-Z 
Y11 -Z 
Y12-Z 
Y13-Z 
Y14-Z 
Y15-Z 

none 

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



16-channel analogue multiplexer/demultiplexer 

Ao-[> 

0- - -

Fig. 4 Logic diagram. 
7Z73883.2 

HEF4067B 
MSI 

--Y1 

·---Y7 

---·Y11 

( ClcU>be• 1980 365 



HEF40678 
MSI l ____ _ 

D.C. CHARACTERISTICS 

Tamb = 25 oc 

Voo 
v symbol typ. max. conditions 

1----------+-----1------1------------+--~--~--------1 

I 1~ 350 2~~~ n 1 Vis= Vss to Voo 
ON resistance 

ON resistance 

ON resistance 

'Ll' ON resistance 
between any two 
channels 

OFF-state leakage 
current, all 
channels OFF 

OFF-state leakage 
current, any 
channel 

15 RoN ~~ 175 g JseeFig.5 

5 115 340 ~n! }Vis=Vss 
10 RoN 50 160 •• see Fig. 5 
15 40 115 

5 120 365 n } Vis= Voo 

~~ RoN ~~ ~~~ g see Fig. 5 

5 25 
10 LlRQN 10 
15 5 

5 
10 
15 

5 
10 
15 

lozz 

lozv 

n 
n 
n 
nA 
nA 

1000 nA 

nA 
nA 

200 nA 

Jl Vis= Vss to Voo 
see Fig. 5 

J Eat Voo 

} Eat Vss 

~---------'----'-------'-------- --·-··---- --------------------------
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16-channel analogue multiplexer/demultiplexer 

HIGH 
(from address inputs) 

HEF40678 
MSI 

lis=200µA 

.__~~~~~~~~~~~~~-+-~-Vss 

7Z74591.2 

Fig. 5 Test set-up for measuring RQN· 

7Z82373 

400t-t--t--+-+-+--+-+-+-+-t--t--+-+-t--< 

R 0 N 1---j---J.-+-+--+--+--+-+-t--t---J.-+-+--+--1 
WI ill 

30 0 V DD = 5 V +-r+-+--+-+-t-1 

2001---il-+-H+-+-l-+-+--+-+-1-+-+--+-i 

1001--11-+-+-+--+-+-t--t10V-+-+--+-+-1 

H":;1;;9':t:i~-t"'f.i--fln-i1 s v r
~ -i-- 1"'--

0 ......_._..__,__.__.__._......_....__......_._..__,__.__.__, 

0 5 10 Vis (V) 15 

NOTE 

Fig. 6 Typical RoN as a function of input 
voltage. 
lis = 200µA 
v55 = o v 

To avoid drawing VDD current out of terminal Z, when switch current flows into terminals Y, the 
voltage drop across the bidirectional switch must not exceed 0,4 V. If the switch current flows into 
terminal Z, no VDD current will flow out of terminals Y, in this case there is no limit for the voltage 
drop across the switch, but the voltages at Y and Z may not exceed VDD or V55. 
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HEF40678 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; input transition times< 20 ns 

Voo typical formula for P (µW) 
v 

Dynamic power 5 1100 fi + L(foCL) x Voo 2 

dissipation per 10 5 ooo ti+ L(f0 CL) x v 00 2 

package (P) 15 13 300 fi + L(foCL) x Voo 2 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; input transition times< 20 ns 

Voo symbol typ. max. 
v 

Propagation delays 
Vis -Vos 5 30 60 

HIGH to LOW 10 tPHL 15 25 
15 10 20 

5 25 50 
LOW to HIGH 10 tPLH 10 20 

15 10 20 

An - Vos 5 190 380 
HIGH to LOW 10 tPHL 70 145 

15 50 100 

5 175 345 
LOW to HIGH 10 tPLH 70 140 

15 50 100 

Output disable times 
E -vos 5 195 385 

HIGH 10 tpHz 140 280 
15 130 260 

5 215 435 
LOW 10 tpLz 180 355 

15 170 340 

Output enable times 
E - Vos 5 155 315 

HIGH 10 tpzH 70 135 
15 50 100 

5 170 340 
LOW 10 tpzL 70 140 

15 50 100 

Moy 19831 

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 

ns 
} note 1 ns 

ns 

ns 
} note 1 ns 

ns 

ns 
} note 2 ns 

ns 

ns 
} note 2 ns 

ns 

ns 
}note 3 ns 

ns 

ns 
} note 3 ns 

ns 

ns 
J note 3 ns 

ns 

ns 
} note 3 ns 

ns 



16-channel analogue multiplexer/demultiplexer HEF4067B 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; input transition times< 20 ns 

vDD symbol typ. 

m>X ~ i 
i 

v 
--!--

Distortion, sine-wave 5 
I 

0,25 'Ye 
response 10 0,04 ~ \note 4 

15 0,04 % J 
Crosstalk between 5 - MHz 1 

any two channels 10 1 MHz J note 5 
15 - MHz 

Crosstalk; enable 5 - mV 

}note 6 or address input 10 50 mV 
to output 15 - mV 

OFF-state 5 - MHz 
} note 7 feed-through 10 1 MHz 

15 - MHz 

ON-state frequency 5 13 MHz 

J note 8 response 10 40 MHz 
15 70 MHz 

NOTES 

Vis is the input voltage at a Y or Z terminal, whichever is assigned as input. 
V 0s is the output voltage at a Y or Z terminal, whichever is assigned as output. 

1. RL = 10 kn to Vss; CL= 50 pF to Vss; E = Vss; Vis= VDD (square-wave); see Fig. 7. 
2. RL = 10 kn; CL= 50 pF to Vss; E = Vss; An= VDD (square-wave); Vis= VDD and RL to Vss for 

tpLH; Vis= Vss and R L to VDD for tpH L; see Fig. 7. 
3. RL = 10 kn; CL= 50 pF to Vss; E = VDD (square-wave); 

Vis= v DD and R L to Vss for tpHz and tpzH; 
Vis= Vss and RL to VDD for tpLz and tpzL; see Fig. 7. 

4. RL = 10 kn; CL= 15 pF; channel ON; Vis=% VDD(p-p) (sine-wave, symmetrical about Y2 VDD); 
fis = 1 kHz; see Fig. 8. 

5. RL = 1 kn; Vis=% VDD(p-p) (sine-wave, symmetrical about% VDD); 

Vos 
20 log - = -50 dB; see Fig. 9. 

Vis 
6. RL = 10 kn to Vss; CL= 15 pF to Vss; E or An= VDD (square-wave); crosstalk is I Vos [ (peak 

value); see Fig. 7. 
7. R L = 1 kn; CL= 5 pF; channel OFF; Vis= Y2 VDD(p-p) (sine-wave, symmetrical about% V DD); 

Vos 
20 log - = -50 dB; see Fig. 8. 

Vis 
8. RL = 1 kn; CL= 5 pF; channel ON; Vis=% VDD(p-p) (sine-wave, symmetrical about% VDD); 

Vos 
20 log - = -3 dB; see Fig. 8. 

Vis 

(May 1983 369 



HEF4067B 
MSI 

channel 
ON 

Fig. 7. 

(a) 

7Z74594. 1 

channel 
OFF 

APPLICATION INFORMATION 

Fig. 9. 

Some examples of applications for the HEF4067B are: 

• Analogue multiplexing and demultiplexing. 
• Digital multiplexing and demultiplexing. 
• Signal gating. 

NOTE 

Fig. 8. 

channel 
OFF RL 

.__ ___ vss 

channel 
ON 

7Z74593 

.__ ___ ___,,,___ Vss 
7Z74592 

(b) 

If break before make is needed, then it is necessary to use the enable input. 
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HEF40688 
gates 

S~INPUT NANO GATE 

The HEF4068B provides the 8 in:H.t NANO function. The outputs are fully buffered for highP,St noisP 
irnrnunity and pattern insensitivity 01 output impedance. 

2 Io 
3 

7Z69SG7 

Fig. 1 Functional diagrnm. 

Fig. 3 Logic diagram. 

HEF4068B 

7259506 

Fig. 2 Pinning diagram. 

HEF4068BP: 14-lead DI L; plastic (SOT-27K, M, Tl. 
HEF4068BD: 14-lead DI L; ceramic (cerdip) (SOT-73). 
HE F4068BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

7274499 

0 

FAMILY DATA J 
see Family Specifications 

loo LIMITS category GATES 

~ Products approved to CECC 90 104-044. 1 (May 1983 371 



HEF4068B 
gates 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb ~ 25 "C; CL= 50 pF; input transition times,,,:.;; 20 ns 
-·--------·--------

Voo symbol typ. max. 
typical extrapolation 

v formula 
------···-··-------··-- --- -- - . -

Propagation delays 
ln-o 5 95 195 ns 68 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 40 85 ns 29 ns + (0,23 ns/pF) CL 
15 30 65 ns 22 ns + (0,16 ns/pF) CL 

5 80 165 ns 53 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 35 70 ns 24 ns + (0,23 ns/pF) CL 

15 30 60 ns 
' 

22 ns + (0,16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 
-·-----------·-··--··-· 

VooT typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f 0 =output freq. (MHz) 

Dynamic power 

J 
5 100 fi + k(f0 CL) x v002 CL= load capacitance (pF) 

dissipation per 10 2900 fj + L(foCL) x Voo 2 k(f0 CL) =sum of outputs 
package (P) 15 1200 fi + L(f0 CL.) x v002 Voo =supply voltage (V) 
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HEF4069UB 
gates 

HEX INVERTER 

The HEF4069UB is a general purpose hex inverter. Each of the six inverters is a single stage. 

02 4 

HEF4069UB 

04 8 7273695 

05 10 

Os 12 

7Z73696 

Fig. 1 Functional diagram. 

VDo 

1-[5-a 
9 
Vss 1za4371 

Fig. 3 Schematic diagram (one inverter). 

FAMILY DATA 

Fig. 2 Pinning diagram. 

HEF4069UBP: 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4069UBD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HEF4069UBT: 14-lead mini-pack; plastic 

(S0-14; SOT-1 OBA). 

J see Family Specifications for VI HIV IL unbuffered stages -loo LIMITS category GATES 

G Products approved to CECC 90 104-045. 1(May1986 373 



HEF4069UB 
gates 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times..;; 20 ns 

Voo symbol typ. max. 
typical extrapolation 

v formula 

Propagation delays 5 45 90 ns 18 ns + (0,55 ns/pF) CL 

In - On 10 tPHL 20 40 ns 9 ns + (0,23 ns/pF) CL 
HIGH to LOW 15 15 25 ns 7 ns + (0, 16 ns/pF) CL 

5 40 80 ns 13 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 20 40 ns 9 ns + (0,23 ns/pF) CL 

15 15 30 ns 7 ns + (0, 16 ns/pF) CL 

Output transition times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 
HIGH to LOW 10 !THL 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns+ (1,0 ns/pF) CL 
LOW to HIGH 10 !TLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

Voo typical formula for P (µW) where 
v fi =input freq. (MHz) 

f0 =output freq. (MHz) 
Dynamic power 5 600 fi + ~(foCLI x Voo 2 CL= load capacitance (pF) 

dissipation per 10 4000 fi + ~(foCLI x Voo 2 ~(f0CLI =sum of outputs 
package (P) 15 22 000 fi + ~(foCLI x Voo 2 Voo =supply voltage (V) 
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Hex inverter j 
---

HEF4069UB 
gates 

Vo 
(V) 

5 

2,5 

10 
.. - ----

Vo 
(V) r-- -

5 

0 
0 

:!::. 

-......... 

~. 
ll 

~ \ 
I j 

J_ 
~ ' 

11 
2,5 

" ~ 
JJ\_ 
I \ 

/ 
-\_ 

\ 

!- ~ 
I 1 ' /1 ' )'.. 5 

~\ 

7Z84367 
500 

'o 
(µA) 

250 

0 
5 

7Z84368 
10 

5 

0 
10 

'o 
(mA) 

2 0r--,--,---,~.,--r---,-~,--7~Z-8_43~6--,61 20 

'o 
(mA) 

10t--"t--+-.t-~-+t-~'-+--+---+--1f--+-~10 
1 i 
/ ' 

I ~ 
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Fig. 4 Typical transfer characteristics; 
- Vo; - - - lo(drain current); lo= O; 
v00 = 5 v. 

Fig. 5 Typical transfer characteristics; 
- Vo; - - - lo(drain current); lo= 0; 
v00 = 10 v. 

Fig. 6 Typical transfer characteristics; 
- Vo; - - - lo(drain current) lo= 0; 
v 00 =15v. 



HEF4069UB 
gates 

APPLICATION INFORMATION 

Some examples of applications for the HEF4069UB are shown below. 

In Fig. 7 an astable relaxation oscillator is given. The oscillation frequency is mainly determined by 
R1C1, provided R1 << R2 and R2C2<< R1C1. 

1/6 HEF4069UB 1/6 HEF4069UB 

D B 

le, 
C2 R2 

___ vss I 
c 7284373 

c 

D 

(a) 

LVoo 

ov 
- - - - -- -1,5Voo 

---- Voo 
- 0,5Voo 

- - - - - - - - - - OV 

- -0,5Voo 

----.. - - - Voo 

t forward voltage 
clamping diode 

(b) 

- 0,5Voo 
ov 

7271571 

Fig. 7(a) Astable relaxation oscillator using two HEF4069UB inverters; 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. 

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 T p is given by T p = T 1 + T 2· in which 

Voo + VsT 2 Voo - VsT 
Ti= R1C1 In and T2 = R1C1 In where 

VsT Voo -VsT 

VsT is the signal threshold level of the inverter. The period is fairly independent of Voo, VsT and 
temperature. The duty factor, however, is influenced by VsT 

376 °"'""'" 1980 I 



Hex inverter HEF4069UB 
gates 

1MD. 22pF 1MD. 

2 MHz 

JlJ1. DPl 100 22 1/6 HEF4069UB I pF I pF ( 1) 

7Z84369 

(1) This inverter is added to amplify the oscillator output voltage toa level sufficient to drive other 
LOCMOS circuits. 

Fig. 8 Crystal oscillator for frequencies up to 10 MHz, using two HEF4069UB inverters. 

7Z84251.1 

501-t--+-+--+--l--+-+-+-1-t--+-+--+--+-1 

1 
typ 

0 ..._.__.. ......... _.__._~...._..__..._.__.. ......... _.__.__. 
0 5 10 Voo (VJ 15 

20 

100 
(mA) 

15 

10 

5 

0 i..-R"" 
0 5 

7284257.1 

i 
If_ 

typ 

I-
-'-I 

.1. 
~ 

Y1 ..IJ v 
Jt: 

P1 

10 Voo (V) 15 

Fig. 9 Voltage gain (Vo!V1) as a function 
of supply voltage. 

Fig. 10 Supply current as a function 
of supply voltage. 

330kn 

-0 
1/6 HEF4069UB 

7284370 

Fig. 11 Test set-up for measuring graphs 
of Figs 9 and 10. 
It is also an example of an analogue 
amplifier using one HEF4069UB. 
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HEF4069UB 
gates 

APPLICATION INFORMATION (continued) 

Rbias = 560 kD 

Fig. 12 Test set-up for measuring forward transconductance 
gfs = di 0 /dvi at v0 is constant (see also graph Fig. 13). 

10 

gf s 

(mA/V) 

7,5 

5 

2,5 

0 
0 

7Z84364 

p-B~ 
~ v v !l? j..-o 

IZ 
_L 12 

JL v 
ri v cv ;p..--

lZ 
t- k'.'. 

i v 
7__ v 

v 
d rl- .IL 

l-jT 

jj__ v f--t-t--

,1 

5 10 Voo (V) 15 

Fig. 13 Typical forward transconductance gfs as a 
function of the supply voltage at T amb = 25 °c. 

Curves in Fig. 13: 

A : average, 
B : average + 2 s, 
C : average -2 s, in where: 

's' is the observed standard 
deviation. 



HEF40708 
gates 

QUADRUPLE EXCLUSIVE-OR GATE 

The HEF4070B provides the positive quadruple exclusive-OR function. The outputs are fully 
buffered for highest noise immunity and pattern insensitivity of output impedance. 

11 o, 3 
2 I2 

5 13 
02 

14 
4 

6 

8 !5 
03 10 

!5 9 

12 !7 
04 11 

Is 13 

7269549 

Fig. 1 Functional diagram. 

1, -t> 

APPLICATION INFORMATION 

HEF4070B 

7Z 73473 

Fig. 2 Pinning diagram. 

HEF4070BP: 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4070BD: 14-lead DI L; ceramic (cerdip) (SOT-73). 
HEF4070BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

Fig. 3 Logic diagram (one gate). 

TRUTH TABLE 

Some examples of applications for the HEF4070B are: I 1 12 o, 
• Logical comparators 
• Parity checkers and generators 

FAMILY DATA 

loo LIMITS category GATES 

~ Products approved to CECC 90 104-046. 

L L L 
H L H 
L H H 
H H L 

H =HIGH state (the more 
positive voltage) 

L = LOW state (the less 
positive voltage) 

1 (May 1983 379 



HEF4070B 
gates 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times< 20 ns 

380 

---,----·-···-·-··-

-·---

Propagation delays 
In-On 

HIGH to LOW 

LOW to HIGH 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

power 
dissipation per 
package (P) 

----·-- --------

Voo symbol typ. max. v 
------

5 85 175 
10 tPHL 35 75 
15 30 55 

5 75 150 
10 tPLH 30 65 
15 25 50 

5 60 120 
10 tn1L 30 60 
15 20 40 

5 60 120 
10 tTLH 30 60 
15 20 40 

---- -·--------·-------~--··-- - ·------ ---·-··-

Voo 
v typical formula for P (µW) 

5 
10 
15 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

typical extrapolation 
formula 

58 ns + (0,55 ns/pF) CL 
24 ns + (0,23 ns/pF) CL 
21 ns + (0, 16 ns/pF) CL 

48 ns + (0,55 ns/pF) CL 
19 ns + (0,23 ns/pF) CL 
17 ns+ (0,16 ns/pF) CL 

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

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

---.. ·--.--·--·-,..··-··----------------

where 
fi = input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance 
~(f0CL) =sum of outputs 
Voo =supply voltage (V) 



HEF40718 
gates 

QUADRUPLE 2-INPUT OR GA TE 

The HE F4071 B is a positive logic quadruple 2-input 0 R gate. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 

o, 3 

'7Z 695S1 

Fig. 1 Functional diagram. 

/l7b423.1 

Fig. 3 Logic diagram (one gate). 

FAMILY DATA 

HEF4071B 

Fig. 2 Pinning diagram. 

HEF4071 BP : 14-lead DI L; plastic (SOT-27K, IVI, T). 
HEF4071BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HEF4071BT:14-lead mini-pack; plastic 

(S0-'14; SOT-108A). 

see Family Specifications 
loo LIMITS category GATES 

G Products approved to CECC 90 104-047. ] (:ay1983 381 



HEF4071B 
gates 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transistion times< 20 ns 

Voo 
v 

Propagation delays 

In - On 5 
HIGH to LOW 10 

15 

5 
LOW to HIGH 10 

15 

Output transition 
times 5 

HIGH to LOW 10 
15 

LOW to HIGH _LL 
15 ,____ ________ 

,---

Voo 
v 

Dynamic power 5 
dissipation per 10 
package (P) 15 

~-

382 October 1980 I 

---

symbol typ. max. 

55 115 ns 

tPHL 25 50 ns 
20 35 ns 

45 90 ns 

tPLH 20 45 ns 
15 30 ns 

60 120 ns 

tTHL 30 60 ns 
20 40 ns 

60 120 ns 

tTLH 30 60 ns 
20 40 ns 

,------------·-

typical formula for P (µW) 

1150 fj + L(foCU x Voo 2 

4800 fi + L(foCL) x Voo 2 

19 700 fj + L(foCL) x Voo 2 

---·-·-·-··-------· 

typical extrapolation 
formula 

--

28 ns + (0,55 ns/pF) CL 
15 ns + (0,23 ns/pF) CL 
12 ns + (0,16 ns/pF) CL 

18 ns + (0,55 ns/pF) CL 
9 ns + (0,23 ns/pF) CL 
7 ns + (0,16 ns/pF) CL 

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

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

wh ere 
f· = I input freq. (MHz) 

=output freq. (MHz) 
=load capacitance (pF) 

f0 CL) =sum of outputs 
o = supply voltage (V) 

fo 
CL 
L( 
Vo 

·- --



HEF4072B 
gates 

DUAL 4-INPUT OR GA TE 

The HEF4072B provides the positive dual 4-input OR function. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 

o, , 

02 13 

7Z69552 

Fig. 1 Functional diagram. 

Fig. 3 Logic diagram (one gate). 

HEF4072B 

7269508 

Fig. 2 Pinning diagram. 

HEF4072BP: 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4072BD: 14-lead DI L;ceramic (cerdip) (SOT-73). 
HEF4072BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

o-o, 

FAMILY DATA j see Family Specifications 
loo LIMITS category GATES 

~ Products approved to CECC 90 104-048. l (May 1983 383 



HEF4072B 
gates 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times~ 20 ns 

Voo 
symbol typ. max. 

typical extrapolation 
v formula 

Propagation delays 
In- On 5 80 155 ns 53 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 35 70 ns 24 ns + (0,23 ns/pF) CL 
15 25 55 ns 17 ns + (0,16 ns/pF) CL 

5 75 145 ns 48 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 35 70 ns 24 ns + (0,23 ns/pF) CL 

15 25 55 ns 17 ns + (0,16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10ns+ (1,0ns/pF) CL 
LOW to HIGH 10 1 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 950 fi + L(foCL) x Voo 2 CL= load capacitance (pF) 
dissipation per 10 4500 fi + L(foCL) x Voo 2 L(f0 CL} =sum of outputs 
package (P) 15 13 700 fi + L(foCL} x Voo 2 Voo =supply voltage (V} 

384 October 19801 



HEF40738 
gates 

TRIPLE 3-INPUT AND GATE 

The HEF4073B provides the positive triple 3-input AND function. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 

3 I1 

7Z7369B 

Fig.1 Functional diagram. 

11 3:0--t> 12 0-01 

13 
7Z75428.1 

Fig.3 Logic diagram (one gate). 

HEF4073B 

7Z73697 

Fig.2 Pinning diagram. 

HEF4073BP: 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4073BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HEF4073BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

FAMILY DATA 
} see Family Specifications 

loo LIMITS category GATES 

~ Products approved to CECC 90 104-049. 385 



HEF40738 
gates 

A.C. CHARACTERISTICS 

Yss = 0 Y; Tamb = 25 °C; CL= 50 pF; input transition times.;;; 20 ns 

Yoo symbol typ. 
typical extrapolation 

y max. formula 

Propagation delays 
In-On 5 55 110 ns 23 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 25 50 ns 14 ns + (0,23 ns/pF) CL 
15 20 40 ns 12 ns + (0,16 ns/pF) CL 

5 45 90 ns 13 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 20 40 ns 9 ns + (0,23 ns/pF) CL 

15 15 30 ns 7 ns + (0,16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL I 

Yoo typical formula for P (µW) 
where 

y fi =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 600 fi + ~(f0CL) x Y002 CL= load capacitance (pF) 
dissipation per 10 2700 fi + ~(f0CLl x Y00 2 ~(f0CLl =sum of outputs 
package (P) 15 8400 fi + ~(f0CL) x Y002 Yoo =supply voltage (Y) 
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HEF40758 
gates 

TRIPLE 3-INPUT OR GATE 

The HE F4075B provides the positive triple 3-input 0 R function. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 

7Z73700 

Fig.1 Functional diagram. 

11~ 
12 JL/'"' vo-01 
13 

7275417 

Fig.3 Logic diagram (one gate). 

FAMILY DATA 

loo LIMITS category GATES 

HEF4075B 

7273699 

Fig.2 Pinning diagram. 

HEF4075BP: 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4075BD: 14-lead DI L; ceramic (cerdip) (SOT-73). 
HEF4075BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

) see Family Specifications 

: Products approved to CECC 90 104-050. 387 



HEF40758 
gates 

A.C. CHARACTERISTICS 

Vss= 0 V; Tamb = 25 °C; CL= 50 pF; input transition times,;;:; 20 ns 

Propagation delays 

In-On 
HIGH to LOW 

LOW to HIGH 

Voo 
v 

5 
10 
15 

5 
10 
15 

____________ T _________ _ 
symbol typ. max. 

typical extrapolation 
formula 

-----+-----~---!-----

65 130 

tPHL 30 60 
20 40 

65 130 
30 60 
25 50 

ns 
ns 
ns 

ns 
ns 
ns 

38 ns + (0,55 ns/pF) CL 
19 ns + (0,23 ns/pF) CL 
12 ns + (0,16 ns/pF) CL 

38 ns + (0,55 ns/pF) CL 
19 ns + (0,23 ns/pF) CL 
17 ns + (0,16 ns/pF) CL 

60 120 ns 
30 60 

I Output transition 
I times 5 10 ns + (1,0 ns/pF) CL l HIGH to LOW 10 tTHL 9 ns + (0,42 ns/pF) CL ns 

20 40 ns 15 6 ns + (0,28 ns/pF) CL 

60 120 ns 5 10ns+(1,0 ns/pF)CL 
30 60 ns 
20 40 ns -------L~W-~~ H~~~ _ _l ___ _,_ ___ t_T __ L_H ____ _,_ ________________ _L__~ ~:: ~g:~~ ~~~~~~ g~ 

Voo 
v 

--

Dynamic power 5 
dissipation per 0 
package (P) 15 

------L 

388 October 1980 

typical formula for P (µW) 

750 fj + L(foCL) x Voo2 
3 600 fi + L(f0 C1J x Voo2 

11 200 fi + L(foCL) x Voo2 

where 
fj= input freq. (MHz) 
f0 =output freq. (MHz) 
Cl= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 



HEf 40768 
MSI 

QUADRUPLE 0-TYPE REGISTER WITH 3-STATE OUTPUTS e 
The HEF4076B is a quadruple edge-triggered D-type flip-flop with four data inputs (Do to D3), two 
active LOW data enable inputs (EDo and ED 1 ), a common clock input (CP), four 3-state outputs (Oo 
to 03), two active LOW output enable inputs (EOo and E01), and an overriding asynchronous master 
reset input (MR). 

Information on Do to D3 is stored in the four flip-flops on the LOW to HIGH trar;isition of CP if both 
EDo and ED1 are LOW. A HIGH on either EDo or ED1 prevents the flip-flops from changing on the 
LOW to HIGH transition of CP, independent of the information on Do to D3. When both EOo and 
E01 are LOW, the contents of the four flip-flops are available at Oo to 03. A HIGH on either EOo or 
E01 forces Oo to 03 into the high impedance OFF-state. A HIGH on MR resets all four flip-flops, 
independent of all other input conditions. 

7 CP 

14 Do 

13 D1 

12 D2 

11 D3 

10 rn 1 
15 MR 

2 E01 

Oo 3 

FF1 01 4 

to 02 5 
FF4 

03 6 

MR D1 ED1 EDo 

HEF4076B 

rn 0 rn 1 Oo o, 02 03 CP Vss 
2 3 4 5 6 7 8 

7Z72868.2 

Fig. 2 Pinning diagram. 

HEF4076BP: 16-lead DI L; plastic (SOT-38Z). 
HEF4076BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HEF4076BT: 16-lead mini-pack; plastic 

PINNING 

Do to D3 

EDo, ED1 

EOo, E01 

(S0-16; SOT-109A). 

data inputs 

data enable inputs (active LOW) 

output enable inputs (active LOW) 
7Z72867.2 

Fig. 1 Functional diagram. CP clock input (LOW to HIGH, edge-triggered) 

master reset input MR 

Oo to o3 data outputs 

FAMILY DATA 

loo LIMITS category MSI 
1 see Family Specifications 
J 

G Products approved to CECC 90 104-051. 389 
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Fig. 3 Logic diagram. 

CP FF 
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FF 
3 

FF 
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Quadruple 0-type register with 3-state outputs 

FUNCTION TABLE 

inputs outputs 

MR CP EDo ED1 Dn On 

I 
H x x x x L 
L J H x x no change 

l 
L J 

r x H x no change 
L f L L H H 
L f L L L L 
L \_ x x x no change 

A.C. CHARACTERISTICS 

EOo = E01 =LOW 

HEF40768 
MSI 

When either EOo or E01 is HIGH, the 
outputs are disabled (high impedance 
OFF-state). 
H =HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
f = positive-going transition 
\_ = negative-going transition 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times.;;;; 20 ns; see also waveforms Fig. 4 

Voo symbol min. typ. max. 
typical extrapolation 

v formula 

Propagation delays 

I 

CP-On 5 150 305 ns 123 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 60 120 ns 49 ns + (0,23 ns/pF) CL 

15 45 85 ns 37 ns+ (0,16 ns/pF) CL 

5 160 320 ns 133 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 65 130 ns 54 ns + (0,23 ns/pF) CL 

15 45 90 ns 37 ns + (0, 16 ns/pF) CL 

MR-on 5 95 190 ns 68 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 40 85 ns 29 ns + (0,23 ns/pF) CL 

15 30 65 ns 22 ns + (0, 16 ns/pF) CL 

Output transition 5 60 120 ns 10 ns + (1,0 ns/pF) CL 
times 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 

HIGH to LOW ! 15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

3-state propagation 
delays 

Output disable times 5 50 105 ns 
EOn- On 10 tpHz 35 70 ns 

HIGH 15 30 65 ns 

5 45 90 ns 
LOW 10 tpLz 30 65 ns 

15 30 60 ns 

Output enable times 5 65 130 ns 
EOn -on 10 tpzH 30 55 ns 

HIGH 15 20 40 ns 

5 60 120 ns 
LOW 10 tpzL 25 50 ns 

15 20 35 ns 

(ooto.,..1980 391 



HEF4076B 
MSI 

A.C. CHARACTERISTICS 

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

Voo symbol min. typ. max. v 

Set-up times 5 10 -15 ns 
Dn- CP 10 tsu 0 -10 ns 

15 0 -5 ns 

5 0 -50 ns 

EDn - CP 10 tsu 0 -20 ns 
15 0 -15 ns 

Hold times 5 
I 

55 30 ns 
Dn- CP 10 tho Id 20 10 ns 

15 i 15 10 ns 

5 25 -25 ns 

EDn - CP 10 tho Id 10 -10 ns 
15 5 -5 ns 

Minimum clock 5 120 60 ns 
pulse width; LOW 10 twcPL 45 20 ns 

15 30 15 ns 

Minimum MR pulse 5 55 25 ns 
width; HIGH 10 twMRH 30 15 ns 

15 20 10 ns 

Recovery time 5 90 45 ns 

foe MR __I 10 tRMR 35 15 ns 
15 20 10 ns 

Maximum clock 5 

UL'~ 
MHz 

pulse freq ~ency 10 

I 
fmax MHz 

15 32 MHz 

r--- ---,--------

Voo typical formula for P (µW) v 

Dynamic power 5 2200 fi + I:(f0 CL) x v 002 

dissipation per 10 9300 fi + I:(f0 CLl x v 002 

package (P) 15 24 500 fi + I:(f0 CLl x v 002 

392 Ooto"'' 1980 I 

typical extrapolation 
formula 

see also waveforms 
Fig. 4 

where 
fi =input freq. (MHz) 
f 0 =output freq. (MHz) 
CL= load capacitance (pF) 
I: (f0 CL) =sum of outputs 
Voo =supply voltage (V) 
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Fig. 4 Waveforms showing propagation delays, output disable/enable times, minimum CP and MR pulse widths, set-up and hold times for 
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HEF4077B 
gates 

QUADRUPLE EXCLUSIVE-NOR GATE 

The HEF4077B provides the exclusive-NOR function. The outputs are fully buffered for best perform
ance. 

A, 01 3 81 2 

5 A2 02 4 
6 82 

8 A3 03 
9 83 10 

12 A4 04 
84 11 

13 

7273902.1 

Fig. 1 Functional diagram. 

Fig. 3 Logic diagram (one gate). 

HEF40778 

7273901.1 

Fig. 2 Pinning diagram. 

HEF4077BP: 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4077BD: 14-lead DI L; ceramic (cerdip) (SOT-73). 
HEF4077BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

TRUTH TABLE 

An Bn On 

L L H 
L H L 
H L L 
H H H 

H =HIGH state (the more 
positive voltage) 

L = LOW state (the less 
positive voltage) 

FAMILY DATA 
J see Family Specifications 

loo LIMITS category GATES 

G Products approved to CECC 90 104-052. 395 



gates l ___ _ HEF40778 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times.;;; 20 ns 
-- . 

Voo symbol typ. max. 
typical extrapolation 

v formula 

Propagation delays 

An, Bn - On 5 75 150 ns 48 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 35 70 ns 24 ns + (0,23 ns/pF) CL 

15 30 55 ns 22 ns+ (0,16 ns/pF) CL 

5 70 145 ns 43 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 30 60 ns 19 ns + (0,23 ns/pF) CL 

15 25 50 ns 17 ns+ (0,16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns+ (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL I -

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
I- f0 =output freq. (MHz) 

Dynamic power 5 850 fi + ~(f0CLl x v00 2 CL= load capacitance (pF) 
dissipation per 10 4500 fi + ~(f0CL) x v002 ~(f0CL) =sum of outputs 
package (P) 15 14 700 fi + ~(f0CL) x Vo 0 2 Voo =supply voltage (V) 

396 



HEF40788 
gates 

8-INPUT NOR GA TE 

The HEF4078B provides the positive 8-input NOR function. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 

2 Io 
3 !1 
4 !2 
5 [3 

9 [4 
0 13 

10 Is 
11 !5 
12 !7 

7269553.1 

Fig. 1 Functional diagram. 

Fig. 3 Logic diagram. 

FAMILY DATA 

loo LIMITS category GATES 

HEF4078B 

7Z69509.1 

Fig. 2 Pinning diagram. 

HE F4078BP : 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4078BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HEF4078BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

o-(>o-o 

7Z75426 

l see Family Specifications 

e Products approved to CECC 90 104-053. 397 



HEF4078B 
gates 

A.C. CHARACTERISTICS 

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

~=-~-=+V~o 
Propagation delays 

In - On 5 
HIGH to LOW 10 

LOW to HIGH 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

Voo 
v 

Dynamic power 5 
dissipation per 10 
package (P) 15 

symbol typ. max. 

----~ -----

80 160 
35 70 
25 50 

80 160 
35 70 
25 50 

60 120 
30 60 
20 40 

60 120 
30 60 
20 40 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

typical extrapolation 
formula 

53 ns + (0,55 ns/pF) CL 
24 ns + (0,23 ns/pF) CL 
17 ns + (0,16 ns/pF) CL 

53 ns + (0,55 ns/pF) CL 
24 ns + (0,23 ns/pF) CL 
17 ns + (0,16 ns/pF) CL 

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

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

---------~------L--------------J 

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

typical formula for P (µW) 

750 fi + ~(f0CL) x v002 

2800 fi + ~(t0CLl x v002 

7500 fi + ~(f0CL) x Voo2 

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
1:(f0 CL) =sum of outputs 
Voo =supply voltage (V) 



HEF4081B 
gates 

QUADRUPLE 2-INPUT AND GATE 

The HEF4081 B provides the positive quadruple 2-input AND function. The outputs are fully buffered 
for highest noise immunity and pattern insensitivity of output impedance. 

7Z69S69 

Fig.1 Functional diagram. 

7Z74498.1 

Fig.3 Logic diagram (one gate). 

HEF4081B 

11 12 0 1 0 2 13 14 v55 

7Z69S10 

Fig.2 Pinning diagram. 

HE F4081 BP : 14-lead DI L; plastic (SOT-27 K, M, T). 
HEF4081BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HE F4081 BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

FAMILY DATA ) 
see Family Specifications 

loo LIMITS category GATES 

8 Products approved to CECC 90 104-054. 399 



gates l __ ~ HEF40818 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times.-;;; 20 ns 

Voo symbol typ. max. 
typical extrapolation 

v formula 

Propagation delays 

In-On 5 55 110 ns 28 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 25 50 ns 14 ns + (0,23 ns/pF) CL 

15 20 40 ns 12 ns + (0,16 ns/pF) CL 

5 45 90 ns 18 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 20 40 ns 9 ns + (0,23 ns/pF) CL 

15 15 30 ns 7 ns + (0,16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f 0 =output freq. (MHz) 

Dynamic power 5 450 ti + k(f0 CLl x v 0 0 2 CL= load capacitance (pF) 
dissipation per 10 2900 fi + L(foCL) x Voo 2 L(f0 CL) =sum of outputs 
package (P) 15 11 700 fi + L(foCL) x Voo2 Voo =supply voltage (V) 

400 M•y 19831 



HEF40828 
gates 

DUAL 4-INPUT AND GATE 

The HEF4082B provides the positive dual 4-input AND function. The outputs are fully buffererl for 
highest noise immunity and pattern insensitivity of output impedance. 

7269570 

Fig. 1 Functional diagram. 

Fig. 3 Logic diagram (one gate). 

FAMILY DATA 

loo LIMITS category GATES 

~ Products approved to CECC 90 104-055. 

HEF4082B 

72 59 511 

Fig. 2 Pinning diagram. 

HEF4082BP: 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4082BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
H EF4082BT: 14-lead mini-pack; plastic 

(S0-14; SOT-1 OBA). 

0-01 

l (May 1983 401 



HEf 40828 
gates 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL =·50 pF; input transition times.;; 20 ns 

Voo symbol typ. max. 
typical extrapolation 

v formula 

Propagation delays 5 65 125 ns 38 ns + (0,55 ns/pF) CL 
In-On 10 tPHL;tPLH 30 60 ns 19 ns + (0,23 ns/pF) CL 

15 25 45 ns 17 ns + (0,16 ns/pF) CL 

Output transition 
times 5 60 120 ns 1 0 ns + ( 1 ,0 ns/p F) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

~HIGH 
5 60 120 ns 10 ns + (1,0 ns/pF) CL 

10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 

1500 ti+ ~(f0CLl x v00 2 

f 0 =output freq. (MHz) 
Dynamic power 5 CL= load capacitance (pF) 

dissipation per 10 6700 ti+ ~(f0CLl x v00 2 ~(f0CL) =sum of outputs 
package (P) 15 16800 ti+ ~(f0CLl x v00 2 Voo =supply voltage (V) 

.. 

402 October 1980] 



HEF40858 
gates 

DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATE 

The HE F4085B is a dual 2 wide 2-input AND-OR-invert gate, each with an additional input (A4 or 84) 
which can be used as either an expander input or an inhibit input. A HIGH on A4 or 84 forces the 
output (QA or Os) LOW independent of the other inputs (Ao to A3 or Bo to 83). The outputs QA 
and 09 are fully buffered for highest noise immunity and pattern insensitivity of output impedance. 

1 Ao 
2 Ai 

12 A2 
QA 3 

13 AJ 

10 A4 

5 Bo 

6 81 

8 82 
Os 4 

83 9 

11 84 

7Z74257.1 

Fig. 1 Functional diagram. 

Fig. 3 Logic diagram (one gate). 

HEF4085B 

7Z742581 

Fig. 2 Pinning diagram. 

HEF4085BP: 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4085BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HEF4085BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

7Z75425.1 

LOGIC FUNCTION 

QA= AooA1 + A2·A3 + A4 

09 =Bo· B1 + 82 • 83 + 84 

FAMILY DATA I see Family Specifications 
loo LIMITS category GATES 

G Products approved to CECC 90 104-056. 1( May 1983 403 



____ H_E_~!_~ ...... 58-SB __ t __________________ _ 
A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times.;;; 20 ns 
----.-

1---
Propagation delays 

An, Bn -on 
HIGH to LOW 

LOW to HIGH 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

Voo 
v 

5 
10 
15 

5 
10 
15 

5 
10 

, , 15 

5 
10 
15 

Voo 
v 

--------....,----

symbol typ. 

75 
tPHL 30 

20 

65 
tPLH 30 

20 

60 

tTHL 30 
20 

60 

tTLH 30 
20 

ma x. 

15 
6 
4 

5 
0 
0 

13 5 
5 
0 

5 
4 

12 
6 
4 

12 
6 
4 

---

0 
0 
0 

0 
0 
0 

typical formula for P (µW) 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

----+-- ----+------------....; 

Dynamic power 
dissipation per 
package (P) 

404 Oc~ober 1980] 

5 
10 
15 

750 fi + k(f0 CLl x v002 

3200 fi + k(f0 CLl x v0 02 
9200 fi + k(f0 CLl x v002 

---------
typical extrapolation 

formula 

48 ns + (0,55 ns/pF) CL 
19 ns + (0,23 ns/pF) CL 
12 ns + (0,16 ns/pF) CL 

38 ns + (0,55 ns/pF) CL 
19 ns + (0,23 ns/pF) CL 
12 ns + (0,16 ns/pF) CL 

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

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

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
k(f0 CL) =sum of outputs 
Voo =supply voltage (V) 



HEF408b8 
gates 

4-WIDE 2-INPUT AND-OR-INVERT GATE 

The HEF4Qg6B is a 4-wide 2-input AND-OR-invert (AOI) gate with two additional inputs (lg and fg) 
which can be used as either expander or inhibit inputs by connecting them to any standard LOCMOS 
output. A HIGH on lg or a LOW on Tg forces the output (0) LOW independent of the other eight 
inputs (lo to 17). The output (0) is fully buffered for highest noise immunity and pattern insensitivity 
of output impedance. 

11 lg 

Fig. 1 Functional diagram. 

PINNING 

10 to 18 

lg 

0 

gate inputs 

gate input (active LOW) 

output (active LOW) 

FAMILY DATA 

loo LIMITS category GATES 

7273701.1 

Fig. 2 Pinning diagram. 

HEF40g6BP: 14-lead DI L; plastic (SOT-27K, M, T). 
HEF40g6BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HEF40g6BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

see Family Specifications 

G Products approved to CECC 90 104-051. 1 (May 1983 405 



HEF4086B 
gates 

lg~~~~~~~~~~--, 

lo 
1, 

15 

17 

Tg ~~~~~~~~~~~~~~~_. 

Fig. 3 Logic diagram. 

LOGIC EQUATION 

406 October 1980 l 

0--0 

7Z74597 



4-wide 2-input AND-OR-invert gate HEF40868 
gates 

A.C. CHARACTERISTICS 

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

·----- ------- ,------ -------

VDD symbol typ. max. 
typical extrapolation 

v formula 

ropagation delays I-, 
10 to 17 - o 5 90 180 ns 63 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 30 65 ns 19 ns + (0,23 ns/pF) CL 
15 20 40 ns 12 ns + (0,16 ns/pF) CL 

5 80 155 ns 53 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 30 60 ns 19 ns + (0,23 ns/pF) CL 

15 20 40 ns 12 ns + (0,16 ns/pF) CL 

18 -0 5 70 140 ns 43 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 25 55 ns 14 ns + (0,23 ns/pF) CL 

15 20 40 ns 12 ns + (0,16 ns/pF) CL 

5 55 115 ns 28 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 20 40 ns 9 ns + (0,23 ns/pF) CL 

15 15 25 ns 7 ns + (0, 16 ns/pF) CL 

T9-o 5 55 105 ns 28 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 20 45 ns 9 ns + (0,23 ns/pF) CL 

15 15 30 ns 7 ns + (0,16 ns/pF) CL 

5 45 90 ns 18 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 15 35 ns 4 ns + (0,23 ns/pF) CL 

15 10 25 ns 2 ns + (0,16 ns/pF) CL 

0 utput transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 fTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

--,-----

VDD typical formula for P (µW) 
where 

v fi = input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 525 fi + ~(f0CLl x VD0 2 CL= load capacitance (pF) 
dissipation per 10 2600 fi + ~(f0CLl x Voo 2 ~(f0CLl =sum of outputs 
package (P) 15 7300 fi + ~(f0CL} x Voo 2 Voo =supply voltage (V) 

(October 1980 407 



HEf 40868 
gates 

APPLICATION INFORMATION 

Figure 4 shows two HEF4086B I Cs connected to obtain an 8-wide 2-input AOI function. 
The output (OAl of the first IC is fed directly into the 19s gate input of the second IC. Similarly, 
any NANO gate output can be fed directly into the Tg gate input to obtain a 5-wide AO I function. 
In addition, any AND gate output can be fed directly into the lg gate input with the same result. 

lg A 
Voo-------' 

19B 

Fig. 4 Two HEF4086B ICs connected as an 8-wide 2-input AOI gate. 

Logic equation for Fig. 4: 

7Z85104 

09 = loA. l1A + l2A. l3A + l4A. l5A + l5A. l7A +las. 119 + 129. 139 + 149. 159 + 159. 179 

408 October1980J 



HEF40938 
gates 

QUADRUPLE 2-INPUT NANO SCHMITT TRIGGER 

The HE F4093B consists of four Schmitt-trigger circuits. Each circuit functions as a two-input NAN D 
gate with Schmitt-trigger action on both inputs. The gate switches at different points for positive and 
negative-going signals. The difference between the positive voltage (Vp) and the negative voltage 
(VN) is defined as hysteresis voltage (VH). 

1 I 1 
\l_ 

01 3 
HEF4093B 

2 12 ll_ 

7Z73703 

5 13 ll_ 
02 

Fig. 2 Pinning diagram. 
4 

HEF4093BP: 14-lead DI L; plastic (SOT-27K, M, T). 
6 14 ll_ HEF4093BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 

HEF4093BT: 14-lead mini-pack; plastic 
(S0-14; SOT-108A). 

8 15 \l_ 
03 10 

9 16 ll_ 

12 17 ll_ 
04 11 \l_ 

11 

o-f>o-01 13 'a \l_ 
12 \l_ 

7Z74554.1 

7Z73704.2 

Fig. 1 Functional diagram. Fig. 3 Logic diagram (one gate). 

FAMILY DATA 

see Family Specifications 
loo LIMITS category GATES 

E Products approved to CECC 90 104-058. 409 



HEF4093B 
gates 

D.C. CHARACTERISTICS 

Vss = O V; Tamb = 25 °c 

Hysteresis 
voltage 

Switching levels 
positive-going 
input voltage 

negative-going 
input voltage 

~-

.---~~-----·-· 

Voo symbol v 

5 
10 VH 
15 

5 
10 Vp 
15 

5 
10 VN 
15 

Fig. 4 Transfer characteristic. 

viJ __ 
7Z84130.1 

min. typ. max. 

0,4 0,7 - v 
0,6 1,0 - v 
0,7 1,3 - v 
1,9 2,9 3,5 v 
3,6 5,2 7 v 
4,7 7,3 11 v 
1,5 2,2 3, 1 v 
3 4,2 6,4 v 
4 6,0 10,3 v 

Fig. 5 Waveforms showing definition of Vp, VN and VH; where VN and Vp are between limits of 
30% and 70%. 

410 November 1981 



Quadruple 2-input NANO Schmitt trigger HEf 40938 
gates 

A.C. CHARACTERISTICS 

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

Voo symbol typ. max. 
·typical extrapolation 

v formula 

Propagation delays 5 90 185 ns 63 ns + (0,55 ns/pF) CL 
In-On 10 tPHL 40 80 ns 29 ns + (0,23 ns/pF) CL 

HIGH to LOW 15 30 60 ns 22 ns + (0, 16 ns/pF) CL 

5 85 170 ns 58 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 40 80 ns 29 ns + (0,23 ns/pF) CL 

15 30 60 ns 22 ns + (0, 16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 1300 fi + ~(f0CLl x v00 2 CL= load capacitance (pF) 
dissipation per 10 6400 fi + ~(f0CLl x v00 2 ~(f0CL) =sum of outputs 
package (P) 15 18 700 fi + ~(f0CLl x v00 2 Voo =supply voltage (V) 



HEF4093B L gates 

7284134 
2 0 0 ,...--,.-__,..--,- -.-..---.-----r·-.-

lo 
(µA) -

Fig. 6 Typical drain current as a function of 
input voltage; V DD ~ 5 V; T amb ~ 25 °c. 

lo 
(µA) 

1000 

10 20 

Fig. 8 Typical drain current as a function of 
input voltage; Voo = 15 V; Tamb ~· 25 °c. 

412 --:,m:19~ 

1000 

lo 
(µA) 

500 

0 

7284133 

i 
I 

t ~ ~ 
f--

j_ ~ 
L v "' 0 5 10 

Fig. 7 Typical drain current as a function of 
input voltage; V DD = 10 V; T amb = 25 °c. 



Quadruple 2-input NANO Schmitt trigger HEF4093B 
gates 

10 ~-tr_--;_- ~r--r-r,--- -- __ 

-+- - t- t - - - -
--- - -- --

7Z84136 1 

r .. - f- +-+-~-; ;.:_ +-- - --+-+--ti--++---, 

f - --+--+--'--'--+--+ -f--+--+--+--< 
. - -- +-- -- -- f--t-- --f--+;--+--- -- - +---+--- -+---

-+- - -- -~ -+-+--~-+--1- -
I - - !--+- - I~ J.--1- -+·1 

-J--j +-+-- -- - -vr-r-j p +--1 
-t -l- f --- v¥ +- .....-l--1 t---1 

·-·-- -l- -1---1-+- -- - - .v ~ -+~ 
- f- ~~ VN --+--
+-+- - - -t-4--+-+-+-t-+-+-+-+-t-+-+-+-+--

1--' y _y }".'+ - -- -+--+-- -·+-+--+-+--1--f--+--+-+-+-+-+-
I-+-- ~ 

-1--- - . -- -t- - t- - +-- --+-+-+-- --+--+---r-+-+-+--+--IC-4 
-+--- - -+-- - t - -+-+-1--+--+---+--t-+--t-t-+-

-~-- +- -+--t--t -- -+-+-+- -
~- --r- --1-- +-+- - -+--+-+- - - +- - -+-+-l--+--+--+---1-----+- -t--t-+-

0 L - L . - J_j__L___ .. -"----'---'--'--'- -'---'-J--'---'---'--'-J--'--'--_J,_J 
2,5 7,5 12,5 VDD IV) 17,5 

Fig. 9 Typical switching levels as a function of supply voltage Voo; Tamb = 25 °c. 



HEF4093B 
gates 

APPLICATION INFORMATION 

Some examples of applications for the HEF4093B are: 

• Wave and pulse shapers 
• Astable multivibrators 
• Monostable multivibrators. 

Fig. 10 The HEF4093B used as a astable multivibrator. 

cP 
·--~~---, 
I I 
I I 

I 

7284131.1 

Fig. 11 Schmitt trigger driven via a high impedance (R > 1 kn). 

If a Schmitt trigger is driven via a high impedance (R > 1 kn) then it is necessary to incorporate a 
c Voo-Vss 

capacitor C of such value that: - > , otherwise oscillation can occur on the edges of a pulse. 
Cp VH 

Cp is the external parasitic capacitance between inputs and output; the value depends on the circuit 
board layout. 

Note 

The two inputs may be connected together, but this will result in a larger through-current at the 
moment of switching. 

414 No,.mbec 1981 I 



HEf 40948 
MSI 

8-STAGE SHIFT-AND-STORE BUS REGISTER 

The HEF4094B is an 8-stage serial shift register having a storage latch associated with each stage for 
strobing data from the serial input to parallel buffered 3-state outputs Oo to 07. The parallel outputs 
!Tia'/ be so!lnected directly to cor!lmon bus !i!les. Data is shifted on positive-going clock transitions. 
The data in each shift register stage is transferred to the storage register when the strobe (STR) input is 
HIGH. Data in the storage register appears at the outputs whenever the output enable ( EO) signal is 
HIGH. 

Two serial outputs (Os and O~) are available for cascading a number of HEF4094B devices. Data is 
available at 0 5 on positive-going clock edges to allow high-speed operation in cascaded systems in which 
the clock rise time is fast. The same serial information is available at O~ on the next negative-going 
clock edge and provides cascading HEF4094B devices when the clock rise time is slow. 

2 D 
8-STAGE SHIFT O' s 10 

3 CP REGISTER 

Os 9 
16 15 14 13 12 11 10 9 

1 STR 8-BIT STORAGE vDD EO 04 05 05 07 O' Os s 

REGISTER HEF4094B 

STR 0 CP Oo 02 03 Vss 
8 

15 EO 
3-STATE OUTPUTS Fig. 2 Pinning diagram. 7Z74613.1 

Oo 01 02 03 04 05 05 07 

H 
H 
H 

EF4094BP: 16-lead DI L; plastic (SOT-38Z). 
EF4094BO: 16-lead DIL;ceramic(cerdip) (SOT-74). 
E F4094BT: 16-lead mini-pack; plastic 

4 5 6 7 

Fig. 1 Functional diagram. 

PINNING 

D 

CP 

STR 

data input 

clock input 

strobe input 

14 13 12 11 
7Z74614.1 

EO output enable input 

Os, 05 serial outputs 

Oo to 07 parallel outputs 

FAMILY DATA 

J see Family Specifications 
loo LIMITS category MSI 

~ Products approved to CECC 90 104-059. 

(S0-16; SOT-109A). 

415 
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0 
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8-stage shift-and-store bus register 

FUNCTION TABLE 

.....---
inputs parallel outputs 

CP EO STR D Oo 

J L x x z 
\_ L x x z 
J H L x nc 
J H H L L 
J H H H H 

l \_ H H H nc 

H =HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X =state is immaterial 
f = positive-going transition 
\. = negative-going transition 
Z =high impedance off state 
nc = no change 

On 

z 
z 
nc 

On-1 
On-1 
nc 

serial outputs 

Os O' s 

05 nc 
nc 07 
05 nc 
05 nc 
05 nc 
nc 07 

06 =the information in the seventh shift register stage 

' 

HEF409.-s 
MSI 

At the positive clock edge the information in the 7th register stage is transferred to the 8th register 
stage and the Os output. 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; input transition times.;;;:; 20 ns 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 2100 fi + L(foCLl x Voo2 CL= load capacitance (pF) 
dissipation per 10 9700 fi + L(foCLl x Voo2 L(f0 CLl =sum of outputs 
package (P) 15 26 000 fi + L(foCLl x Voo 2 Voo =supply voltage (V) 
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HEF4094B 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times< 20 ns 

--T~~+ symbol I typ. 
>------·~ -~l 

Propagation delays I 
CP - Os 5 I 

1

135 

HIGH to LOW ~~ I tPHL ~~ 
I 

5 

I 

105 
LOW to HIGH 10 tPLH 50 

I 15 
' 

40 
i 

GP - O~ 5 I 105 
HIGH to LOW 10 I tPHL 50 

15 I 40 

5 105 
LOW to HIGH 10 tPLH 50 

15 40 

GP- On 5 165 
HIGH to LOW 10 tPHL 75 

15 55 

5 150 
LOW to HIGH 10 tPLH 70 

15 55 

STR - On 5 110 
HIGH to LOW 10 tPHL I 

50 
15 35 

5 100 
LOW to HIGH 10 tPLH 45 

15 35 

Output transition 
times 5 60 

HIGH to LOW 10 tTHL 30 
15 20 

5 60 
LOW to HIGH 10 tTLH 30 

15 20 

418 October 1980 J 

max. l 
270 ns 
130 ns 
100 ns 

210 ns 
100 ns 
80 ns 

210 ns 
100 ns 
80 ns 

210 ns 
100 ns 
80 ns 

330 ns 
150 ns 
110 ns 

300 ns 
140 ns 
110 ns 

220 ns 
100 ns 

70 ns 

200 ns 
90 ns 
70 ns 

120 ns 
60 ns 
40 ns 

120 ns 
60 ns 
40 ns 

typical extrapolation --i 
formula I 

108 ns + (0,55 ns/pF) CL I 
54 ns + (0,23 ns/pF) CL I 
42ns+(0,16ns/pF)CL I 
78 ns + (0,55 ns/pF) CL 
39 ns + (0,23 ns/pF) CL 
32 ns + (0, 16 ns/pF) CL 

78 ns + (0,55 ns/pF) CL 
39 ns + (0,23 ns/pF) CL 
32 ns + (0,16 ns/pF) CL 

78 ns + (0,55 ns/pF) CL i 
I 

39 ns + (0,23 ns/pF) CL i 
32 ns + (0,16 ns/pF) CL I 

138 ns + (0,55 ns/pF) CL 
64 ns + (0,23 ns/pF) CL 
47 ns + (0,16 ns/pF) CL I 

123 ns + (0,55 ns/pF) CL 
59 ns + (0,23 ns/pF) CL 
47 ns + (0,16 ns/pF) CL 

83 ns + (0,55 ns/pF) CL 
39 ns + (0,23 ns/pF) CL 
27 ns + (0,16 ns/pF) CL 

73 ns + (0,55 ns/pF) CL 
34 ns + (0,23 ns/pF) CL 
27 ns + (0,16 ns/pF) CL 

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

10 ns + ( 1,0 ns/p F) CL 
9 ns + (0,42 ns/pF) CL 
6 ns + (0,28 ns/pF) CL 



8-stage shift-and-store bus register 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times<; 20 ns 

Voo symbol min. typ. max. v 
3-state propagation 

delays 

Output enable times 5 40 80 ns 
EO -on 10 tpzH 25 50 ns 

HIGH 15 20 40 ns 

5 40 80 ns 
LOW 10 tpzL 25 50 ns 

15 20 40 ns 

Output disable times 5 75 150 ns 
EO -on 10 tpHz 40 80 ns 

HIGH 15 30 60 ns 

5 80 160 ns 
LOW 10 tpLz 40 80 ns 

15 30 60 ns 

Minimum clock 5 60 30 ns 
pulse width 10 twCPL 30 15 ns ~ 

LOW 15 24 12 ns 

Minimum strobe 5 40 20 ns 
pulse width 10 twsTRH 30 15 ns 

HIGH 15 24 1,2 ns 

Set-up times 5 60 30 ns 
o-cP 10 tsu 20 10 ns 

15 15 5 ns 

Hold times 5 5 -15 ns 
o- CP 10 thold 20 5 ns 

15 20 5 ns 

Maximum clock 5 5 10 MHz 
pulse frequency 10 fmax 11 22 MHz 

15 14 28 MHz 

HEF40948 
MSI 

( Clcrobo• 1900 419 
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HEF4094B 
MSI 

CLOCK INPUT 

DA1AINPUT 

STROBE INPUT 

OUTPUT ENABLE INPUT 

INTERNAL O(J I FF 1) 

OUTPUT Oo 

INTERNAL o'6 (FF 71 

OUTPUT 0 6 

SERIAL OUTPUT 0 5 

SERIAL OUTPUT 0 5' 

Moy 19831 

7 Z74637 .2 

Fig. 4 Timing diagram. 



8-stage shift-and-store bus register _J HEF40948 
MSI 

APPLICATION INFORMATION 

Some examples of applications for the HEF4094B are: 

• Serial-to-parallel data conversion 

• Remote control holding register 

DIGITALLY CONTROLLED 
EQUIPMENT 

(REQUIRES CONTINUOUS 
DIGITAL CONTROL) 

Oo 07 
D HEF4094B Os' 

CONTROL 
AND 

SYNC 
CIRCUITRY 

data clock 

from remote 
control panel 

STR CP 

DIGITALLY CONTROLLED 
EQUIPMENT 

Oo 03 D HEF4094B 

STR CP 

---· 

Fig. 5 Remote control holding register. 

DIGITALLY CONTROLLED 
EQUIPMENT 

Oo 07 
D HEF4094B 

STR CP 

7Z85108 
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HEF41048 
MSI 

QUADRUPLE LOW TO HIGH VOLTAGE TRANSLATOR 

WITH 3-STATE OUTPUTS 
The HE F4104B quadruple low voltage to high voltage translator with 3-state outputs provides the 
capability of interfacing low voltage circuits to high voltage circuits, such as low voltage LOCMOS and 
TTL to high voltage LOCMOS. It has four data inputs (lo to 13), an active HIGH output enable input 
( EO), four data outputs IOo to 03) and their complements (Oo to 03). 

With EO HIGH, Oo to 03and 5o to 03 are in the low _!.mped~nce ON-state, either HIGH or LOW as 
determined by lo to 13; with EO LOW, Oo to 03 and Oo to 03 are in the high impedance OFF-state. 

The device uses a common negative supply (V55) and separate positive supplies for inputs (Voo1) and 
outputs (Voool. Voo1 must always be less than or equal to Vooo. even during power turn-on and 
turn-off. For the permissible operating range of Voo1 and Vooo see graph Fig. 4. 

Each input protection circuit is terminated between Vooo and V55. This allows the input signals to 
be driven from any potential between Vooo and V55, without regard to current limiting. When 
driving from potentials greater than Vooo or less than V55, the current at each input must be limited 
to 10 mA. 

'o Do 3 

Bo 2 

11 01 6 

01 7 

Voo1 EO 13 02 

HEF4104B 

Vooo 0o 01 01 Vss 

6 7 8 
7Z73709.1 

Fig. 2 Pinning diagram. 

HEF4104BP: 16-lead OIL; plastic (SOT-38Z). 
HEF4104BD: 16-lead DIL;ceramic (cerdip) (SOT-74): 
HEF4104BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

11 12 LEVEL 
CONVERTER 

62 9 PINNING 

10 to 13 data inputs 

EO output enable input 

12 13 03 13 o 0 to o 3 data outputs 

15 EO 

7Z74574.1 

G Products approved to CECC 90 104-060. 

o 0 to 03 complementary data outputs 

Fig. 1 Functional diagram. 

FAMILY DATA \ 

J. see Family Specifications 
loo LIMITS category MSI 
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level 
converter 

level 
converter 

level 
converter 

level 
converter 

level 
converter 

Vooo 

Fig. 3 Logic diagram. 

o, 

o, 

7273712.2 



Quadruple low to high voltage translator with 3-state outputs 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times< 20 ns 

Voo symbol v 
typ. max. 

Propagation del~_ys 

In - On, On 5 170 340 ns 
HIGH to LOW 10 tPHL 80 160 ns 

15 65 135 ns 

5 170 340 ns 
LOW to HIGH 10 tpLH 80 160 ns 

15 70 140 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 

3-state propagation 
delays 

Output disable times 
Eo- On, On 5 70 135 ns 

HIGH 10 tpHz 55 110 ns 
15 60 120 ns 

5 70 135 ns 
LOW 10 tpLz 55 105 ns 

15 55 110 ns 

Output enable times 
EO-On,On 5 195 395 ns 

HIGH 10 tpzH 95 195 ns 
15 80 165 ns 

5 195 395 ns 
LOW 10 tpzL 95 190 ns 

15 80 160 ns 

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

!--------------~-

Voo 
v 

Dynamic power 5 
dissipation per 10 
package (P) 15 

typical formula for P (µW) 

3000 fi + L:(f0 CL) x v00 2 

12 200 fi + L:(f0 CLl x v00 2 

31 ooo fi + L:(f0 CLl x v00 2 

HEF4104B 
MSI 

typical extrapolation 
formula 

143 ns + (0,55 ns/pF) CL 
69 ns + (0,23 ns/pF) CL 
57 ns + (0,16 ns/pF) CL 

143 ns + (0,55 ns/pF) CL 
69 ns + (0,23 ns/pF) CL 
62 ns + (0, 16 ns/pF) CL 

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

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

where 
fi =input freq. (MHz) 1 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
L:(f0 CL) =sum of outputs 
Voo =supply voltage (V) 

(October 1980 425 



HEF4104B 
MSI 

Fig. 4 Vooo as a function of Voo1; the shaded area shows the permissible operating range. 
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HEF4502B 
buffers 

STROBED HEX INVERTER/BUFFER 

The HEF4502B consists of six inverter/buffers with 3-state outputs. When the output enable input 
(EO) is HIGH all six outputs (01to05) are in the high impedance OFF-state. When the enable input (E) 
is HIGH all six outputs are switched to LOW. The outputs have a 2-TTL load drive capability. 

16 15 14 13 12 
12 E 

01 Voo D5 05 D5 E 05 D4 04 5 

3 D1 HEF4502B 

6 D2 
02 7 

D3 03 D1 EO 01 D2 02 Vss 
2 3 4 5 6 7 B 

D3 
03 2 7 Z75366.2 1 

Fig. 2 Pinning diagram. 

10 D4 
04 9 HEF4502BP: 16-lead DI L; plastic (SOT-38Z). 

HEF4502BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4502BT: 16-lead mini-pack; plastic 

05 11 (S0-16; SOT-109A). 
13 D5 

PINNING 

05 14 
D1 to 05 data inputs 

15 D5 E enable input 

EO output enable input 

4 EO 01to05 3-state outputs 

TRUTH TABLE 
7Z75372.2 inputs output 

Dn 
-

EO On E 
Fig. 1 Functional diagram. 

L L L H 
H L L L 

:-----5~------1 

o-t>+on 
------- _ _J 

EO --[>•>------ 7Z75373.2 

Fig. 3 Logic diagram. 

8 Products approved to CECC 90 104-061. 

x H L L 
x x H z 

H =HIGH state (the more pos. voltage) 
L = LOW state (the less pos. voltage) 
X =state is immaterial 
Z =high impedance off state 

FAMILYOATA l 
J see 

loo LIMITS category BUFFERS 

Family Specifications 

I ( M•v19B3 427 



buffers L_ HEF4502B 

D.C. CHARACTERISTICS 

v55 = o v 

Tamb (OC) 
Voo VoH voL 

v v v 
symbol -40 + 25 +85 

min. max. min. max. min. max. 
--·"---·------- ------~ -----

Output current 5 4,6 1,2 1,0 0,8 mA 
HIGH 10 9,5 --loH 3,8 3,2 2,5 mA 

15 13,5 12,0 10,0 8,0 mA 

Output current 
HIGH 5 2,5 -loH 3,8 3,2 2,5 mA 

Output current 4,75 0,4 3,5 2,9 2,3 mA 
LOW 10 0,5 loL 12,0 10,0 8,0 mA 

15 1,5 24,0 20,0 16,0 mA 
--··--~·~·~~- ··-------·-·-------·-·- .. ---.. ---·-···-

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; input transition times~ 20 ns 

Voo typical formula for P (µW) 
where 

v fi =output freq. (MHz) 
f------- f0 =output freq. (MHz) 

Dynamic power 5 5 000 fi + L(foCL) x Voo 2 CL= load capacitance 
dissipation per 10 25000 fi + L(foCL) x Voo 2 L(f0 CL) '=sum of outputs 
package (P) 15 85 ooo fi + 2: (f0 CLl x v 00 2 Voo =supply voltage (V) , ___ 

.,,,L 
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Strobed hex inverter/buffer HEf 45028 
buffers 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL~ 50 pF; input transition times,,,:;; 20 ns 

~ -- --- ------;~DD symbol - --f-~~~ical~xtra;~oation 
V typ. max. formula 

Propag~;~n dela~s ----t------+------

Dn, E - On 5 85 170 ns 77 ns + (0, 17 ns/pF) CL 
HIGH to LOW 10 tPHL 40 80 ns 37 ns + (0,06 ns/pF) CL 

LOW to HIGH 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

3-state propagation 
delays 

Output disable times 

EO -- On 
HIGH 

LOW 

Output enable times 

EO - On 
HIGH 

LOW 

15 35 70 ns 33ns+(0,04ns/pF)CL 

5 80 160 ns 66 ns + (0,28 ns/pF) CL 
10 tpLH 35 70 ns 28 ns + (0, 13 ns/pF) CL 
15 30 60ns 25ns+(0,10ns/pF)CL 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

tpzH 

tpzL 

25 
12 
8 

30 
15 
12 

60 
55 
55 

50 
35 
30 

60 
35 
30 

55 
25 
20 

50 ns 
24 ns 
15 ns 

60 ns 
30 ns 
24 ns 

160 ns 
140 ns 
140 ns 

100 ns 
70 ns 
60 ns 

120 ns 
70 ns 
60 ns 

110 ns 
50 ns 
40 ns ___ ___.__ _________ ~------~-

10 ns + (0,30 ns/pF) CL 
7 ns + (0, 11 ns/pF) CL 
5 ns + (0,07 ns/pF) CL 

5 ns + (0,50 ns/pF) CL 
3 ns + (0,24 ns/pF) CL 
3 ns + (0, 18 ns/pF) CL 
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HEF45058 
LSI 

64-BIT, 1-BIT PER WORD RANDOM ACCESS READ/WRITE MEMORY 

~ 
~ 

The HEF4505B is a 64-bit, 1-bit per word, fully decoded and completely static, random access mem
ory. The memory is strobed for reading or writing only when the strobe input (ST), chip enable inputs 
(CE1 and CE2) are HIGH simultaneously. The output data is available at the data output (DouTl only 
when the memory is strobed, the read/write input ( R/W) is HIGH and after the read access ti me has 
passed. Note that.the three-state output is initially disabled and always goes to the LOW state before 
data is valid. The output is disabled in the high-impedance OFF-state, when the memory is not strobed 
or R/W is LOW. R/W may remain HIGH during a read cycle or LOW during a write cycle. The output 
data has the same polarity as the input data. 

HEF4505B 

3 

Fig. 1 Pinning diagram. 

PINNING 

Ao to A5 address inputs 

CE1, CE2 chip enable inputs 

R/W read/write input 

ST strobe input 

D1N data input 

DouT data output 

HEF4505BP: 14-lead DI L; plastic (SOT-27K, M, T). 
HEF4505BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 

7 Z74627 

FUNCTION TABLE 

ST, CE1, CE2 R/W DouT 

L L z 
H L z 
L H z 
H H equal to memory data 

H =HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
Z =high-impedance OFF-state 

mode 

disabled 
write 
disabled 
read · 

FAMILY DATA } 
see Family Specifications 

loo LIMITS category LSI 

8 Products approved to CECC 90 104-062. 1(May1983 431 
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1 Ao 
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3 A2 

5 ST 

6 CE1 

8 CE2 

9 

13 IDIN 

ROW ~ 
DECODER 

READ/ 
WRITE 

CONTROL 

DATA 
BUFFER 

10 I DouT o<(J---o 

8x8 MEMORY 

CELL ARRAY 

MULTIPLEXER 

READ/WRITE 
CIRCUIT 

MULTIPLEXER 

READ/WRITE 
CIRCUIT 

Fig. 2 Functional diagram. 
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64-bit, 1-bit per word random access read/write memory HEF45058 
LSI 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °C; CL= 50 pF; input transition times< 20 ns 

Voo symbol min. typ. max. typical extrapolation 
v formula 

Minimum strobe pulse 5 75 35 ns 
width; LOW 10 tsTL 45 22 ns 

15 30 15 ns 

5 350 700 ns 
Read cycle time 10 tRc 250 500 ns 

15 210 420 ns 

5 220 440 ns 
Write cycle time 10 twc 125 250 ns 

15 75 150 ns 

5 330 660 ns 303 ns + (0,55 ns/pF) CL 
Read access time 10 tAcc 135 270 ns 124 ns + (0,23 ns/pF) CL 

15 100 200 ns 92 ns + (0, 16 ns/pF) CL 

5 80 40 ns 
Address recovery time 10 tAR 40 20 ns 

15 25 10 ns 

5 180 90 ns 
Read recovery time 10 tRR 120 60 ns 

15 90 45 ns 

5 75 35 ns 
Write recovery time 10 twR 45 25 ns 

15 40 20 ns 

3-state propagation 
delays 

5 
tpHz, 

105 210 ns 
Output disable times 10 60 125 ns 

15 tpLz 55 115 ns 

Set-up times 5 -20 -40 ns 
An - ST 10 tsuA -10 -20 ns 

15 -5 -10 ns 

5 -30 -60 ns 
R/W- ST 10 tsuR -15 -30 ns 

15 -5 -10 ns 

5 160 80 ns 
D1N- ST 10 tsuD 75 35 ns 

15 45 20 ns 

5 240 120 ns 
R/W- ST 10 tsuW 100 50 ns 

15 75 35 ns 

Hold time 5 -20 -40 ns 
D1N- ST 10 tholdD 5 -10 ns 

15 10 0 ns 
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HEF45058 
LSI 

Ao to A5 

INPUTS 

ST INPUT 
(CE 1=CE2=H) 

(2) 

address stable address 
may change 

-tsTL-

R/W INPUT 

0ouT 
OUTPUT 

-- 1suR -
.-tACC-.. 

50% 

( 1) Output in high impedance 0 FF-state. 
(2) tsTHmin = tRCmax - tsTLmin· 

data valid 

Fig. 3 Read cycle timing diagram. 

434 Oct<>bo• 1980 ~ 
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64-bit, 1-bit per word random access read/write memory 

Ao to As 
INPUTS 

ST INPUT 

(CE1 =CE2=H) 

qi 

R/W INPUT 

DIN INPUT 

address stable 

-- tsuA -tsTH - tAR --

address 
may change 

-tSTL-
·------· twc --'f--------~1 

- tsuW-+ twR -

tsuD-- tholdD --

50% data stable 

7Z74629 

I 1 l tsTHmin = twcmax - tsTLmin· 

Fig. 4 Write cycle timing diagram. 

HEF45058 
LSI 
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HEF45058 
LSI 

APPLICATION INFORMATION 

address 
lines 

data 
input 

dynamic 

A 
B 
c 
D 

E 
F 
G 
H 

----~--' ----'"4 ·--

----· 
-

f-· 

irfY-
'-1 R=>l 
,;,; 

.. 
strobe JL 

read/write 

I 
I 

1 
2 
3 
4 HEF4505B 
11. 
12 64- BIT 10 1--i 
6 RAM 

8 
5 

r---9 
.--- 13 

1 
2 
3 
4 
11 HEF4505B 

12 64- BIT 10 t--< 

6 RAM 
8 
5 

I-- 9 ~ 

~ 13 

t-·-.---·--,.----, 
1 
2 
3 
4 
11 HEF4505B 

12 64- BIT 10 I-~ 
6 RAM 
8 
5 

t-- 9 t-
~ 13 

·--
1 
2 
3 
4 
11 HEF4505B 

12 64 - BIT 10 1--
6 RAM 
8 
5 

t--f--rn 
'--1 13 

(,~~~~~--~~~~~ 

output 

expand vertically for n-bits 7Z84389 

Fig. 5 256-word by n-bit static read/write memory using HEF4505B !Cs. 
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64-bit, 1-bit per word random access read/write memory L HEF4505B 
LSI 

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

Figure 5 shows a 256-word by n-bit static RAM system. The outputs of the four HEF4505B circuits 
are tied together to form 256 words by 1-bit. Additional bits are attained by paralleling the inputs 
in groups of four. Memories of larger words can be attained by decoding the most significant bits 
of the address and AND-ing them with the strobe input. 

Fan-in and fan-out of the memory are limited only by speed requirements. The extremely low input 
and output leakage· currents keep the output voltage levels from changing significantly as more outputs 
are tied together. With the output levels independent of fan-out, most of the power supply range is 
available as logic swing, regardless of the number of units wired together. As a result, high noise 
immunity is maintained under all conditions. 

The memory system shown in Fig. 5 can be interfaced directly with other I Cs of the LOCMOS HE 
family. No external components are required. 

Non-volatile information storage is allowed due to very low power dissipation when the memory is 
powered by a small standby battery. Figure 6 shows an optional standby power supply circuit for 
making a LOCMOS memory 'non-volatile'. When the usual power fails, a battery is used to sustain 
operation or maintain stored information. While normal power supply voltage is present, the battery 
is trickle-charged through a resistor ( R) which sets the charging rate. In Fig. 6 the sustaining voltage 
is Vs, and+ Vis the ordinary voltage from a power supply. Voo is connected to the power supply 
pin of the memory. Low-leakage diodes are recommended to conserve battery power. 

+V 

R 

+ 
Vs 

I 7Z84390 

Fig. 6 Standby battery circuit. 





HEF45088 
MSI 

DUAL 4-BIT LATCH 

The HE F4508B is a dual 4-bit latch, which consists of two identical independent 4-bit latches with 
separate strobe (ST), master reset (MR}, output-enable input (EO} and 3-state outputs (0). 

With the ST input in the HIGH state, the data on the D inputs appear at the corresponding outputs 
provided EO is LOW. Changing the ST input to the LOW state locks the data into the latch. A HIGH 
on the reset line forces the outputs to a LOW level regardless of the state of the ST input. The 3-state 
outputs are controlled by the output-enable input. A HIGH on EO causes the outputs to assume a high 
impedance OFF-state regardless of other input conditions. This allows the outputs to interface directly 
with bus orientated systems. When EO is LOW the contents of the latches are available at the outputs. 
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PINNING 

24 23 22 21 20 19 18 17 16 15 14 13 

VDD 03s D3s 02s D2s 01s Dls Dos Dos EOs STg MRg 

HEF4508B 

MRA STA EBA DoA OoA DlA 0 1A D2A 02A D3A 03A Vss 
2 3 4 5 6 7 8 9 12 

7 z 74604.2 

Fig. 2 Pinning diagram. 

HEF4508SP: 24-lead DI L; plastic (SOT-101A). 
HEF4508BD: 24-lead DI L; ceramic (cerdip) (SOT-94). 
HEF4508ST: 24-lead mini-pack; plastic 

(S0-24; SOT-137A). 

DoA to DJA Do3 to DJs data inputs 

ST A· STs strobe inputs 

MRA, MRg 

EOA, EOg 

OoA to o3A, Dos to 033 

FUNCTION TABLE 

inputs 

MR ST EO 

L H L 
L H L 
L L L 
H x L 
x x H 

M'y 19831 

master reset inputs 

output enable inputs 

3-state outputs 

output 

Dn On 

H H 
L L 
x latched 
x L 
x z 

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



Dual 4-bit latch 

~C>--+----1----1 

~C>--+-----1 

Fig. 3 Logic diagram (one 4-bit latch). 

HEF4508B 
MSI 
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A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times< 20 ns; see also waveforms Fig. 4. 

Voo symbol min. typ. max. 
typical extrapolation 

v formula 

Propagation delays 

ST - On 5 115 230 ns 88 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 trHL 50 100 ns 39 ns + (0,23 ns/pF) CL 

15 35 70 ns 27 ns + (0,16 ns/pF) CL 

5 115 230 ns 88 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 50 100 ns 39 ns + (0,23 ns/pF) CL 

15 35 70 ns 27 ns + (0, 16 ns/pF) CL 

Dn - On 5 95 190 ns 68 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 40 80 ns 29 ns + (0,23 ns/pF) CL 

15 30 60 ns 22 ns + (0, 16 ns/pF) CL 

5 95 190 ns 68 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 40 80 ns 29 ns + (0,23 ns/pF) CL 

15 30 60 ns 22 ns + (0, 16 ns/pF) CL 

MR-On 5 100 200 ns 73 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 40 80 ns 29 ns + (0,23 ns/pF) CL 

15 30 60 ns 22 ns + (0, 16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

3-state propagation 
delays 

Output enable times 

EO -- On 5 45 90 ns 
HIGH 10 tpzH 20 40 ns 

15 18 36 ns 

5 45 90 ns 
LOW 10 tpzL 20 40 ns 

15 18 36 ns 

Output disable times 
Eo- On 5 35 70 ns 

HIGH 10 tpHz 20 40 ns 
15 18 36 ns 

5 45 90 ns 
LOW 10 tpLz 20 40 ns 

15 18 36 ns 

442 Ootob" 1980 I 



Dual 4-bit latch 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times< 20 ns 

Voo symbol min. typ. max. v 

Minimum ST 5 50 25 ns 
pulse width; HIGH 10 twsTH 30 15 ns 

15 20 10 ns 

Minimum MR pulse 5 40 20 ns 
width; HIGH 10 twMRH 24 12 ns 

15 20 10 ns 

Recovery time 5 20 0 ns 
for MR 10 tRMR 20 0 ns 

15 15 0 ns 

Set-up times 5 35 10 ns 

Dn - ST 10 tsu 25 5 ns 
15 20 0 ns 

Hold times 5 20 0 ns 

Dn - ST 10 tho Id 20 0 ns 
15 15 0 ns 

Voo typical formula for P (µW) v 

Dynamic power 5 2 000 fi + L(foCL) x Voo 2 

dissipation per 10 9 000 fi + L(foCL) x Voo 2 

package (P) 15 25 000 fi + L(foCL) x Voo 2 

HEF4508B 
MSI 

see also waveforms 
Fig. 4 

where 
fi =input freq. (MHz) 
f 0 =output freq. (MHz) 
CL= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 

(October 1980 443 
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STINPU~SO% 

Dn INPUT 50% 

MR INPUT 

EO INPUT 

-1 ,.__. tPLH 

1---
On OUTPUT 50% 

LJ 

--1 1-tPHL 

! 

L_J --\ 

-1 

50% 

.... tWMRH--
1 

-- tRMR 

tPHL-1 i- -1 1-tPLH 

7Z74606.2 

Fig. 4 Waveforms showing minimum ST and MR pulse widths, set-up and hold times for Dn 
to ST, recovery time for MR and propagation delays from ST to On, Dn to On and MR to On. 

I 
m ,, 

I~~ -o 
O'..l 
OJ 



Dual 4-bit latch 

APPLICATION INFORMATION 

Some examples of application for the HE F4508B are: 

• Buffer storage 
• Holding registers 
• Data storage and multiplexing 

reset 
clock 

CPB MRB 

HEF4508B 
MSI 

4-BIT 
SHIFT REGISTER 

--t+IDA 

4-BIT 

SHIFT REGISTER 

r+I DB 

HEF4015B 
serial 
data 

strobe 

output 
enable 

output 
enable 

DOA 01A 02A 03A 

~OA D!A D2A DJA 
...,.. STA QUADRUPLE 

LATCH 
_ __.,_.,EQA 3-STATE 

ooB o1B 028 03B 

DOB D1 B D2B D3B 

1-J STs QUADRUPLE 
LATCH 

r-+l EOs 3-STATE 

oos 01 B 02s 03s 

HEF4508B 

{

-----· ----+---+-·---·---~--+---+---+----

~;tl~ne -·~. ---··--' ....... __, ·---+---.. -·· 

bus -----·---· ·-- ~------1 -- .... ·---~------_.__··-+---

----··---------------·· ', .. ,_ ..... ,. __ .., -- -----·------------
7Z84161 

Fig. 5 Example of a bus register using HEF4508B and HEF4015B. 



£ 

0 g 
O'" 
CD .... 
co 
~ 

l l l 
DQA D1A D2A DJA 

3-STATE 
4-BIT LATCH 

OQA 01A 02A OJA 

4-line{ 
data 
bus 

1 j J 
l 

4-line{ data 
bus I 

l l l 
oos Orn 02s 03s 

3-STATE 
4-BIT LATCH 

DOB D1 B 028 DJB 

l ] 1 
T 1 T T T 

HEF4508B 

1 I 

J 
T 

l 
l 

1 
T T 

HEF4508B 

l 

T 

r---

,...-

function 
select 

data bus 
r ~ 

Ao 
Bo 
Al Oo 
B1 01 
A2 02 I--1--1 

B2 03 ........... 

A3 
83 

SA 

Ss 

HEF4019B 

7Z84162 

Fig. 6 Example of a dual multiplexed bus register with function select using two HEF4508B and one HEF4019B. 

FUNCTION SELECT 

SA Ss function 

L L inhibit (all L) 
H L select A bus 
L H select B bus 
H H Ai+ 81 

I 
m )> 
"TI "'ti s: .i:::. "'ti 

!: ~ (Jl 
0 0 )> 

CX> -I 
ID 0 z 

z 
' "'T1 

0 
:::0 s: 
~ 
0 z 
0 
0 
::J 
d". 
::J 
c 
CD 

3: 
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BCD UP/DOWN COUNTER 

The HEF4510B is an edge-triggered synchronous up/down BCD counter with a clock input (CP), 
an up/down count control input (UP/ON), an active LOW count enable input (CE), an asynchronous 
active HIGH parallel load input (PL), four parallel inputs (Po to P3), four parallel outputs (Oo to 03), 
an active LOW terminal count output (TC), and an overriding asynchronous master reset input (MR). 

Information on Po to P3 is loaded into the counter while PL is HIGH, independent of all other input 
conditions except the MR input, which must be LOW. With PL LOW, the counter changes on the LOW 
to HIGH transition of CP if CE is LOW. UP/ON determines the direction of the count, HIGH for count
ing up, LOW for counting down. When counting up, TC is LOW when Oo and 03 are HIGH and CE is 
LOW. When counting down, TC is LOW when Oo to 03and CE are LOW. A HIGH on MR resets the 
counter (Oo to 03 = LOW) independent of all other input conditions. 

4 12 13 3 

PL 
PARALLEL LOAD CIRCUITRY 

15 CP So/Co 

5 CE 
UP/DOWN TC 7 

10 UP/ON COUNTER 

9 MR 
Co HEF4510B 

01 PL 03 P3 Po CE Oo TC Vss 

6 11 14 2 7Z73715.2 7273713 

Fig. 1 Functional diagram. Fig. 2 Pinning diagram. 

HEF4510BP: 16-lead OIL; plastic (SOT-38Z). 
HEF4510BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF451 OBT: 16-lead mini-pack; plastic (S0-16; SOT-109A). -
PINNING 

PL 

CP 

parallel load input (active HIGH) 

parallel inputs 

count enable input (active LOW) 

clock pulse input (LOW to HIGH, 
edge triggered) 

UP/ON 

MR 

TC 

o0 to 03 

FAMILY DATA 

loo LIMITS category MSI 
l see Family Specifications 

G Products approved to CECC 90 104-064. 

up/down count control input 

master reset input 

terminal count output (active LOW) 

parallel outputs 

447 
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MR 

PL 

UP/DN-{> 

... a,.,.,., , .'°I 

~---~--+------.g 

~-----+---- h 

~-----+----- k 

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

~---+----+m 

~--+----+n 

TC 
7Z75079. 1 



BCD up/down counter 

e----~ 

FF 
4 

g-+-------+---11---------1-11---_J 
h-+-------1--11---------1--11----------' 
k-+-------1--11---------1--11------------41 
I-+--------' 
m-+-------
n-+-----------11----------' 

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

727 5080.1 
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FUNCTION TABLE 

MR PL UP/DN 

L H x 
L L x 
L L L 
L L H 
H x x 

CE CP 

x x 
H x 
L f 
L f 
x x 

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

mode 

parallel load 
no change 
count down 
count up 
reset 

-- count up ---- count down 7269575 

Fig. 4 State diagram. 

Logic equation for terminal count: 

A.C_ CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; input transition times.;; 20 ns 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f 0 =output freq. (MHz) 

Dynamic power 5 1000 fi + L(foCL) x Voo 2 CL= load capacitance (pF) 
dissipation per 10 4500 fi + L(foCL) x Voo2 L(f0 CL) =sum of outputs 
package (P) 15 11 200 fi + L(foCL) x Voo 2 Voo =supply voltage (V) 
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A.C. CHARACTERISTICS 

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

p,~:g=oi~''Y~~r:D t'y:"ol mOO ,::-:~-~' 
HIGH to LOW 10 tPHL 60 120 ns 

15 45 90 ns 

5 155 310 ns 
LOW to HIGH 10 tPLH 65 130 ns 

15 45 90 ns 

CP -TC 5 260 525 ns 
HIGH to LOW 10 tPHL 105 210 ns 

15 75 150 ns 

5 180 360 ns 
LOW to HIGH 10 tpu1 75 150 ns 

15 55 115 ns 

PL -on 5 125 255 ns 
HIGH to LOW 10 tPHL 55 110 ns 

15 40 85 ns 

I 5 170 340 ns 
LOW to HIGH 10 tPLH 70 140 ns 

15 50 105 ns 

PL-TC 5 250 500 ns 
HIGH to LOW 10 tPHL 110 220 ns 

15 80 160 ns 

5 250 500 ns 
LOW to HIGH 10 I tPLH 110 220 ns 

15 80 160 ns 
I 

CE -TC 5 I 165 330 ns 
HIGH to LOW 10 tPHL 65 135 ns 

I 
15 50 100 ns 

5 145 290 ns 
LOW to HIGH 10 tPLH 60 125 ns 

15 45 95 ns 

MR - On, TC 5 205 405 ns 
HIGH to LOW 10 tPHL 65 130 ns 

15 45 85 ns 

MR-TC 5 225 450 ns 
LOW to HIGH 10 tPLH 75 150 ns 

15 50 100 ns 

I 

I 
I 

typical extrapolation 
formula 

118 ns + (0,55 ns/pF) CL 
49 ns + (0,23 ns/pF) CL 
37 ns+ (0,16 ns/pF) CL 

128 ns + (0,55 ns/pF) CL 
54 ns + (0,23 ns/pF) CL 
37 ns + (0,16 ns/pF) CL 

233 ns + (0,55 ns/pF) CL 
94 ns + (0,23 ns/pF) CL 
67 ns+ (0,16 ns/pF) CL 

153 ns + (0,55 ns/pF) CL 
64 ns + (0,23 ns/pF) CL 
47 ns + (0,16 ns/pF) CL 

98 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns + (0,16 ns/pF) CL 

143 ns + (0,55 ns/pF) CL 
59 ns + (0,23 ns/pF) CL 
42 ns+ (0,16 ns/pF) CL 

223 ns + (0,55 ns/pF) CL 
99 ns + (0,23 ns/pF) CL 
72 ns + (0,16 ns/pF) CL 

223 ns + (0,55 ns/pF) CL 
99 ns + (0,23 ns/pF) CL 
72 ns + (0, 16 ns/pF) CL 

138 ns + (0,55 ns/pF) CL 
54 ns + (0,23 ns/pF) CL 
42 ns + (0,16 ns/pF) CL 

118 ns + (0,55 ns/pF) CL 
49 ns + (0,23 ns/pF) CL 
37 ns + (0,16 ns/pF) CL 

178 ns + (0,55 ns/pF) CL 
54 ns + (0,23 ns/pF) CL 
37 ns+ (0,16 ns/pF) CL 

198 ns + (0,55 ns/pF) CL 
64 ns + (0,23 ns/pF) CL 
42 ns+ (0,16 ns/pF) CL 

i 
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A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times.;;;; 20 ns 
~~---, -··-·-·-----·-·-·-----.----,-·-··--~··--------·----·----

Voo symbol min. typ. max. v 
-- ----·---------

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 

Minimum clock 5 95 45 ns 
pulse width; LOW 10 twcPL 35 20 ns 

15 25 15 ns 

Minimum PL 5 105 55 ns 
pulse width; HIGH 10 twPLH 45 25 ns 

15 35 15 ns 

Minimum MR 5 120 60 ns 
pulse width; HIGH 10 twMRH 50 25 ns 

15 40 20 ns 

Recovery time 5 130 65 ns 
for MR 10 tRMR 45 20 ns 

15 30 15 ns 

Recovery time 5 50 75 ns 
for PL 10 lRPL 50 25 ns 

15 30 15 ns 

Set·up times 5 100 50 ns 
Pn --·-.. PL 10 tsu 

I 
50 25 ns 

15 40 20 ns 

5 250 125 ns 
UP/DN - CP 10 tsu 100 50 ns 

15 75 35 ns 

5 120 60 ns 

CE ---- PL 10 tsu 40 20 ns 
15 25 10 ns 

Hold times 5 10 -40 ns 

Pn -- PL 10 tho Id I 5 --20 ns 
15 0 --20 ns 

5 35 . .,.go ns 
UP/DN -- CP 10 tho Id 15 -35 ns 

15 15 ·-25 ns 

5 20 -40 ns 
CE -- CP 10 tho Id 5 -15 ns 

15 5 -10 ns 

Maximum clock 5 5 10 MHz 
pulse frequency 10 fmax 12 24 MHz 

15 17 34 MHz 

462 Ootobe• 1980 I 

·-------·--··---·-~ 

typical extrapolation 
formula 

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

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

I 

s1:e also waveforms 
Figs 5 and 6 

I 

) 
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---·"-·"··-······ ·-

CP INPUT 50 °/o 

CE INPUT 

.,.__thold-1 

5~0_0_~~~~~~~~-1-~~~~~~--+~~~~ 
UP/ON INPUT 50°/o 50°/o 50°/o 

7Z7S082.1 

Fig. 5 Waveforms showing minimum pulse width for CP, set-up and hold times for CE to CP and 
UP/DN to CP. 

CP INPUT n f 0°/o 

.,,,,,_,...,=·-"'·"""' ·-·~·~· 

,... t'NPl.H -• •-tRPL _,... 

PL INPUT 50°to 

Pn INPUT 

Fig. 6 Waveforms showing minimum pulse width for PL and MR, recovery time for PL and MR and 
set-up and hold times for Pn to PL. r:=:::-:.---
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BCD TO 7-SEGMENT LATCH/DECODER/DRIVER 

HEF45118 
MSI 

The HE F4511 B is a BCD to 7-segment latch/decoder/driver with four address inputs (DA to Do), an 
active LOW latch enable input (EL), an active LOW ripple blanking input (Bf), an active LOW lamp test 
input (LT), and seven active HIGH n-p-n bipolar transistor segment outputs ( Oa to Ogl. 

When EL is LOW, the state of the segment outputs (Oa to Og) is determined by the data on DA to Do. 
When EL goes HIGH, the last data present on DA to Do are stored in the latches and the segment out
puts remain stable. When LT is LOW, all the segment outputs are HIGH independent of all other input 
conditions. With LT HIGH, a LOW on Bf forces all segment outputs LOW. The inputs LT and Bf do 
not affect the latch circuit. 

7 2 6 10 9 
DA DB De Do 

5 EL 
LATCHES 

4 Bl 
DECODER 7 8 

7Z73716.1 

3 LT 
DRIVERS 

Fig. 2 Pinning diagram. 

Og Of Oe 0d 

14 15 9 10 

Oc 

11 

Ob Oa 

12 13 

HEF4511 BP: 16-lead DI L; plastic (SOT-38Z). 
HEF4511BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
H EF4511 BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 
7Z73717.2 

PINNING 
Fig. 1 Functional diagram. 

DA to Do address (data) inputs 

Voo EL latch enable input (active LOW) 

Bl ripple blanking input (active LOW) ,,;,., -c 
logic 

loH - + 

LT lamp test input (active LOW) 

Oa to Og segment outputs 

VoH 

Vss 7Z79908 

Fig. 3 Schematic diagram of output stage. Fig. 4 Segment designation. 

FAMILY DATA } 
see Family Specifications 

loo LIMITS category MSI 

$ Products approved to CECC 90 104-065. 455 
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latch 
CP 1 
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latch 
2 

De 

latch 
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Do 
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Bi 
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Fig. 5 Logic diagram; for one latch see Fig. 6. 
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BCD to 7-segment latch/decoder/driver J 
----

D -t>l~----t 

Fig. 6 Logic diagram (one latch); see also Fig. 5. 

FUNCTION TABLE 

inputs 

EL ITT LT Do De DB DA 

x x L x x x x 
x L H x x x x 
L H H L L L L 
L H H L L L H 
L H H L L H L 
L H H L L H H 

L H H L H L L 
L H H L H L H 
L H H L H H L 
L H H L H H H 

L H H H L L L 
L H H H L L H 
L H H H L H L 
L H H H L H H 

L H H H H L L 
L H H H H L H 
L H H H H H L 
L H H H H H H 

H H H x x x x 

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

I outputs 

Oa ob Oc od 

H H H H 
L L L L 

H H H H 
L H H L 
H H L H 
H H H H 

L H H L 
H L H H 
L L H H 
H H H L 

H H H H 
H H H L 
L L L L 
L L L L 

L L L L 
L L L L 
L L L L 
L L L L 

<· 

7Z79901 

Oe Of 

H H 
L L 

H H 
L L 
H L 
L L 

L H 
L H 
H H 
L L 

H H 
L H 
L L 
L L 

L L 
L L 
L L 
L L 

*Depends upon the BCD code applied during the LOW to HIGH transition of EL. 

JI -
~ ,- L -I -' I I I 

LI I L -' -, ~ LI I 
Fig. 7 Display. 

HEF45118 
MSI 

Og display 

H 8 
L blank 

L 0 
L 1 
H 2 
H 3 

H 4 
H 5 
H 6 
L 7 

H 8 
H 9 
L blank 
L blank 

L blank 
L blank 
L b!ank 
L blank 

* 

0 0 
I I I -

7Z72856 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134). 

Output (source) current HIGH max. 25 mA 

For other RATINGS see Family Specifications. 

Note 

A destructive high current mode may occur if Vi and Vo are not constrained to the range Vss ~Vi 
or Vo~ Voo-

D.C. CHARACTERISTICS 

Vss = o v 

Voo 
v 

Output voltage 5 
HIGH 10 

15 

Output voltage 5 
HIGH 10 

15 

Output voltage 5 
HIGH 10 

15 

Output voltage 5 
HIGH 10 

15 

Output voltage 5 
HIGH 10 

15 

Output voltage 5 
HIGH 10 

15 

A.C. CHARACTERISTICS 

loH 
mA 

symbol -40 
min. max. 

0 4,10 
0 VoH 9,10 
0 14, 10 

5 
5 VoH 
5 

10 3,60 
10 VoH 8,75 
10 13,75 

15 
15 VoH 
15 

20 2,80 
20 VoH 8, 10 
20 13, 10 

25 
25 VoH 
25 

Tamb (OC) 
+ 25 + 85 

min. typ. min. max. 

4,10 4,40 4,10 v 
9,10 9,40 9,10 v 

14, 10 14,40 14, 10 v 
4,20 v 
9,20 v 

14,20 v 
3,60 4,05 3,30 v 
8,75 9,10 8,45 v 

13,75 14, 10 13,45 v 
4,00 v 
9,00 v 

14,00 v 
2,80 3,80 2,50 v 
8, 10 9,00 7,80 v 

13,10 14,00 12,80 v 
3,70 v 
8,90 v 

14,00 v 

Vss = 0 V; T amb = 25 °c; input transition times~ 20 ns 

Voo typical formula for P (µW) 
where 

v fj =input freq. (MHz) 
)-·-- f 0 =output freq. (MHz) 

Dynamic power 5 1 ooo fi + ~(f0CL) x Voo 2 CL= load capacitance (pF) 
dissipation per 10 4000 fi + ~(f0CL) x Voo 2 ~(f0CL) =sum of outputs 
package (P) 15 10000 fi + ~(f0CL) x v00 2 Voo =supply voltage (V) 

M•V 19831 



BCD to 7-segment latch/decoder/driver HEF45118 
MSI 

A.C. CHARACTERISTICS 

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

Voo symbol min. typ. 
typical extrapolation 

v max. formula 

Propagation delays 

I Dn -on 5 155 310 ns 128 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 60 120 ns 49 ns + (0,23 ns/pF) CL 

15 40 80 ns 32 ns+ (0,16 ns/pF) CL 

5 135 270 ns 108 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 55 110 ns 44 ns + (0,23 ns/pF) CL 

15 40 80 ns 32 ns+ (0,16 ns/pF) CL 

EL-On 5 160 320 ns 133 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 60 120 ns 49 ns + (0,23 ns/pF) CL 

15 45 90 ns 37 ns + (0,16 ns/pF) CL 

5 160 320 ns 133 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 70 140 ns 59 ns + (0,23 ns/pF) CL 

15 50 100 ns 42 ns + (0, 16 ns/pF) CL 

Bi -on 5 120 240 ns 93 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 50 100 ns 39 ns + (0,23 ns/pF) CL 

15 35 70 ns 27 ns + (0, 16 ns/pF) CL 

5 105 210 ns 78 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 40 80 ns 29 ns + (0,23 ns/pF) CL 

15 30 60 ns 22 ns + (0, 16 ns/pF) CL 

LT-On 5 80 160 ns 52 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 30 60 ns 19 ns + (0,23 ns/pF) CL 

15 20 40 ns 12 ns + (0,16 ns/pF) CL 

5 60 120 ns 33 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 30 60 ns 19 ns + (0,23 ns/pF) CL 

15 25 50 ns 17 ns+ (0,16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL I 

5 25 50 ns 20 ns + (0, 1 ns/pF) CL 
LOW to HIGH 10 tTLH 16 32 ns 13 ns + (0,06 ns/pF) CL 

15 13 26 ns 10 ns + (0,06 ns/pF) CL 
Minimum EL 5 80 40 ns 

pulse width; LOW 10 twELL 40 20 ns 
15 35 17 ns 

Set-up time 5 50 25 ns 
see also waveforms 

Dn - EL 10 tsu 25 12 ns 
Fig. 8 

15 20 9 ns 

Hold time 5 60 30 ns 

Dn - EL 10 tho Id 30 15 ns 
15 25 12 ns 
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----H-E-~.-~-~1-1B ___ j l ____ --------------------
EL INPUT 

De INPUT 

Og OUTPUT 

50% 

--twELL-

50% I 

...,_,, ___ tsu ____ 1 

thold -

\ __ _ 
7Z72852.1 

Conditions 

Do= LOW 

DA= Ds = B-j =LT= 
HIGH 

Fig. 8 Waveforms showing minimum E[ pulse width, set-up and hold time for De to ET. 

460 October 1980 



BCD to 7-segment latch/decoder/driver J 
___ , 

APPLICATION INFORMATION 

Some examples of applications for the HEF4511 Bare: 

• Driving LED displays, 
• Driving incandescent displays. 
• Driving fluorescent displays. 
• Driving LCD displays. 
• Driving gas discharge displays. 

vDD 

common cathode 
LED 

~ 1,7 v 

7279907 

Fig. 9 Connection to common cathoda LED display readout 

HEF45118 
MSI 

common 
LED 

vDo 

,7V 

77..79902 

Fig. 10 Connection to common anode LED display readout. 
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""' en 
N 

0 
~ 
0 
0-

"' .... 
co 
co 
0 

vDD Voo 

7279904 

(1) A filament pre-warm resistor is recommended to reduce filament 
thermal shock and increase the effective cold resistance of the filament. 

Fig. 11 Connection to incandescent display readout. 

vDD 
appropriate 

voltage 

7279905 

iFig. 13 Connection to gas discharge display readout. 

Voo 

direct 
(low brightness) 

"' 

to 
filament 
supply 

7279906 

Fig. 12 Connection to fluorescent display readout. 

exitation 

vDD l (square wave ; 
-· _____ _. Vss to VDD) 

% HEF4070B 
7279903 

Fig. 14 Connection to liquid crystal (LCD) display readout. 
Direct d.c. drive of LCDs not recommended for life of LCD readouts. 

I m 
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HEF45128 
MSI 

8-INPUT MULTIPLEXER WITH 3-STA TE OUTPUT 

The HEF4512B is an 8-input multiplexer with 8 binary inputs (lo to 17), an enable input (E) and an 
output enable input (EO). One of eight binary inputs is selected by select inputs So, S1 and S2, and is 
routed to the output 0. A HIGH on EO causes 0 to assume a high impedance OFF-state, regardless of 
other input conditions. This allows the output to interface directly with bus oriented systems (3-state). 
When the active LOW enable (E) is HIGH, it forces the output LOW provided EO is LOW. By proper 
manipulation of the inputs, the device can provide any logic functions of four variables. It cannot be 
used to multiplex analogue signals. 

2 3 4 5 6 7 9 

lo 11 12 13 14 15 15 17 

11 So 

12 S1 
MULTIPLEXER 

13 S2 
10 9 

Voo EO 0 52 S1 

10 E 
HEF4512B 

lo 1, 12 13 

1 2 3 

7Z72871.1 

15 EO 
Fig. 2 Pinning diagram. 

HEF4512BP: 16-lead OIL; plastic (SOT-38Z). 
1z12a10.3 HEF4512BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 

Fig. 1 Functional diagram. 

PINNING 

So, S1, S2 

EO 

E 

10 to 17 

0 

select inputs 

output enable (active LOW) 

enable (active LOW) 

multiplexer inputs 

multiplexer output 

FAMILY DATA 

HEF4512BT: 16-lead mini-pack; plastic 
(S0-16; SOT-109A). 

see Family Specifications 
loo LIMITS category MSI 

8 Products approved to CECC 90 104-066. I{ Moy 1983 463 
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8-input multiplexer with 3-state output 

TRUTH TABLE 

EO E S2 S1 So lo 

L H x x x x 
I L L L L L L 
I L L L L L H 

L L L L H x 
L L L L H x 
L L L H L x 
L L L H L x 
L L L H H x 
L L L H H x 
L L H L L x 
L L H L L x 
L L H L H x 
L L H L H x 
L L H H L x 
L L H H L x 
L L H H H x 
L L H H H x 
H x x x x x 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X =state is immaterial 
Z =high impedance OFF-state 

A.C. CHARACTERISTICS 

inputs 

11 12 

x x 
x x 
x x 
L x 
H x 
x L 
x H 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 

Vss = 0 V; Tamb = 25 oc; input transition times< 20 ns 

13 

x 
x 
x 
x 
x 
x 
x 
L 
H 
x 
x 
x 
x 
x 
x 
x 
x 
x 

Voo typical formula for P (µW) v 

Dynamic power 5 500 fi + L(foCL) x Voo 2 

dissipation per 10 2100 fi + L(foCL) x Voo 2 

package (P) 15 5800 fi + L(foCL) x Voo 2 

HEF45128 
MSI 

output 

14 15 15 17 0 

x x x x L 
x x x x L 
x x x x H 
x x x x L 
x x x x H 
x x x x L 
x x x x H 
x x x x L 
x x x x H 
L x x x L 
H x x x H 
x L x x L 
x H x x H 
x x L x L 
x x H x H 
x x x L L 
x x x H H 
x x x x z 

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 
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HEF45128 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times,;;;; 20 ns 

Yoo symbol typ. max. v 

Propagation delays 
In -o 5 100 200 ns 

HIGH to LOW 10 tPHL 40 80 ns 
15 30 60 ns 

5 100 200 ns 
LOW to HIGH 10 tPLH 40 80 ns 

15 30 60 ns 

Sn - 0 5 140 280 ns 
HIGH to LOW 10 tPHL 55 110 ns 

15 40 80 ns 

5 150 300 ns 
LOW to HIGH 10 tPLH 60 120 ns 

15 40 80 ns 
-
E - 0 5 60 120 ns 

HIGH to LOW 10 tPHL 25 50 ns 
15 20 40 ns 

5 55 110 ns 
LOW to HIGH 10 tPLH 25 50 ns 

15 20 40 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 

3-state propagation 
delays 

Output disable times 

EO - 0 5 35 70 ns 
HIGH 10 tpHz 20 40 ns 

15 15 30 ns 

5 35 70 ns 
LOW 10 tpLz 15 30 ns 

15 10 20 ns 

Output enable times 

EO - 0 5 35 70 ns 
HIGH 10 tpzH 15 30 ns 

15 10 20 ns 

5 35 70 ns 
LOW 10 tpzL 20 40 ns 

15 15 30 ns 

typical extrapolation 
formula 

73 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22 ns + (0, 16 ns/pF) CL 

73 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22 ns + (0,16 ns/pF) CL 

113 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns + (0,16 ns/pF) CL 

123 ns + (0,55 ns/pF) CL 
49 ns + (0,23 ns/pF) CL 
32 ns + (0, 16 ns/pF) CL 

33 ns + (0,55 ns/pF) CL 
14 ns + (0,23 ns/pF) CL 
12 ns + (0, 16 ns/pF) CL 

28 ns + (0,55 ns/pF) CL 
14 ns + (0,23 ns/pF) CL 
12 ns + (0,16 ns/pF) CL 

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

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



8-input multiplexer with 3-state output 

APPLICATION INFORMATION 

Some examples of applications for the HEF4512B are: 

• Signal gating 
• Digital multiplexing 
• Number sequence generation 

input 0 

' ' 
inPut 7 

input 8 
' ' ' I 

input 15 

in~ut 16 

' 
input 23 

input 24 

' 
in~ut 31 

_____ _,lo 

' : HEF4512B 

------1i7 
IC O 1----...- output 
0 

lo 

' HEF4512B ' 
l7 IC 0 

A3 1 
Ec5 

A4 E 
So s, S2 

lo 

HEF4512B 

1'7 
IC 0 

A3 2 
E6 

A4 E 
So s, S2 

lo 

HEF4512B 

17 ·1c 0 
A3 3 

E5 
A4 E 

So s, S2 

HEF45128 
MSI 

TRUTH TABLE for Fig. 4 

A4 A3 A2 A1 Ao 
input conn. 
to output 

L L L L L 0 
L L L L H 1 
L L L H L 2 via 
L L L H H 3 IC 
L L H L L 4 0 
L L H L H 5 
L L H H L 6 
L L H H H 7 

L H L L L 8 
L H L L H 9 
L H L H L 10 via 
L H L H H 11 IC 
L H H L L 12 1 
L H H L H 13 
L H H H L 14 
L H H H H 15 

H L L L L 16 
H L L L H 17 
H L L H L 18 via 
H L L H H 19 IC 
H L H L L 20 2 
H L H L H 21 
H L H H L 22 
H L H H H 23 

H H L L L 24 
H H L L H 25 
H H L H L 26 via 
H H L H H 27 IC 
H H H L L 28 3 
H H H L H 29 
H H H H L 30 
H H H H H 31 

Fig. 4 32-input multiplexer using 4 x HEF4512B and 1 x HEF4011 B. The input is selected by 5-bit 
address (A4 to Ao) and presented at the output. 
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HEF45148 
MSI 

~ 
1-0F-16 DECODER/DEMULTIPLEXER WITH INPUT LATCHES~ 

The HEF4514B is a 1-of-16 decoder/demultiplexer, having four binary weighted address inputs (Ao to 
A3), a latch enable input (EL), and an active LOW enable input (E). The 16 outputs (Oo to 015) are 
mutually exclusive active HIGH. When EL is HIGH, the selected output is determined by the data on 
An. When EL goes LOW, the last data present at An are stored in the latches and the outputs remain 
stable. When Eis LOW, the selected output, determined by the contents of the latch, is HIGH. At E 
HIGH, all outputs are LOW. The enable input (E) does not affect the state of the latch. When the 
HEF4514B is used as a demultiplexer, Eis the data input and Ao to A3 are the address inputs. 

2 3 21 22 

1 EL 
LATCHES ----------· 

23 E 
DECODER 

Do o, 02 03 04 05 05 07 08 09 

11 9 10 8 7 6 5 4 18 17 20 19 14 13 16 15 
7Z69540.3 

Fig. 1 Functional diagram. 

HEF4514B 

EL Ao A, 07 Os Os 04 03 01 02 Oo ~s 

7Z69512.1 

Fig. 2 Pinning diagram. 

HEF4514BP: 24-lead OIL; plastic (SOT-101A). 
HEF4514BD: 24-lead DI L; ceramic (cerdip) (SOT-94). 
HEF4514BT: 24-lead mini-pack; plastic (S0-24; SOT-137A). 

APPLICATION INFORMATION 

Some examples of applications for the HEF4514B are: 
• Digital multiplexing. 
• Address decoding. 
• Hexadecimal/BCD decoding. 

FAMILY DATA 
} see Family Specifications 

loo LIMITS category MSI 

G Products approved to CECC 90 104"067. 

PINNING 

Ao to A3 

E 
EL 

o0 to 0 15 

address inputs 

enable input (active LOW) 

latch enable input 

outputs (active HIGH) 
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MSI 

EL -{>n--+----* 

470 May 19861 

s 

latch 
3 

R 

s 
0 

latch 
4 

R 

Fig. 3 Logic diagram. 

fig. 4 Logic diagram (one latch). 

01 

0 11 

7Z69769.3 



1-of-16 decoder/demultiplexer with input latches 

TRUTH TABLE 

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

EL= HIGH 

L L L L L 
H L L L L 
L H L L L 
L L H L L 
L L L H L 
L L L L H 
L L L L L 
L L L L L 
L L L L L 
L L L L L 
L L L L L 
L L L L L 
L L L L L 
L L L L L 
L L L L L 
L L L L L 
L L L L L 

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

A.C. CHARACTERISTICS 

L L L 
L L L 
L L L 
L L L 
L L L 
L L L 
H L L 
L H L 
L L H 
L L L 
L L L 
L L L 
L L L 
L L L 
L L L 
L L L 
L L L 

L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
L L 
H L 
L H 
L L 
L L 
L L 
L L 
L L 
L L 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times~ 20 ns 

lays Propagation de 

An, EL -
HIGH to 

On 
LOW 

LOW to H IGH 

E --on 
HIGH to LOW 

LOW to H IGH 

Voo 
v 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

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

symbol typ. max. 

260 520 ns 

tPHL 95 190 ns 
65 130 ns 

270 550 ns 

tPLH 95 190 ns 
65 130 ns 

175 350 ns 

tPHL 65 130 ns 
45 90 ns 

200 400 ns 

tPLH 70 140 ns 
50 100 ns 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 

HEF45148 
MSI 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 

typical extrapolation 
formula 

233 ns + (0,55 ns/pF) CL 
84 ns + (0,23 ns/pF) CL 
57 ns + (0,16 ns/pF) CL 

243 ns + (0,55 ns/pF) CL 
84 ns + (0,23 ns/pF) CL 
57 ns + (0,16 ns/pF) CL 

148 ns + (0,55 ns/pF) CL 
54 ns + (0,23 ns/pF) CL 
37 ns + (0, 16 ns/pF) CL 

173 ns + (0,55 ns/pF) CL 
59 ns + (0,23 ns/pF) CL 
42 ns + (0, 16 ns/pF) CL 
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HEF4514B 
MSI [_. --

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times< 20 ns 

Voo symbol min. typ. 
typical extrapolation 

v max. formula 

Output transition 5 90 180 ns 40 ns + (1,0 ns/pF) CL 
times 10 tTHl 35 65 ns 14 ns + (0,42 ns/pF) CL 

HIGH to LOW 15 25 50 ns 11 ns + (0,28 ns/pF) CL 

5 85 170 ns 35 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 35 70 ns 14 ns + (0,42 ns/pF) CL 

15 25 50 ns 11 ns + (0,28 ns/pF) CL 

Set-up time 5 120 60 ns 

1 
An - EL 10 tsu 40 20 ns 

15 30 15 ns 

Hold time 5 0 60 ns 
see also waveforms 

An- EL 10 tho Id 0 20 ns Fig. 5 
15 0 15 ns 

Minimum EL pulse 5 120 60 ns 
width; HIGH 10 twELH 40 20 ns 

15 30 15 ns 

Voo typical formula for P (µ.W) 
where 

v fi =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 1100 fi + L(foCLl x Voo 2 CL= load capacitance (pF) 
dissipation per lO 5500 fi + L(foCLl x Voo 2 L(f0 CL) =sum of outputs 
package (P) 15 16000 fi + L(foCLl x Voo 2 Voo =supply voltage (V) 

-tWELH-

EL INPUT 50% 

An INPUT 50% 

7Z74552 

Fig. 5 Waveforms showing minimum pulse width for EL, set-up and hold times for An to EL. 
Set-up and hold times are shown as positive values but may be specified as negative values. 
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HEF45158 
MSI 

~ 
1-0F-16 DECODER/DEMULTIPLEXER WITH INPUT LATCHES~ 

The HEF4515B is a 1-of-16 decoder/demultiplexer, having four binary weighted addr~s inp~ts (Ao to 
A3), a latch enable input (EL), and an active LOW enable input (E). The 16 outputs (Oo to 015) are 
mutually exclusive active LOW. When EL is HIGH, the selected output is determined by the data on 
.An. When EL goes LOW, the last data present at An are stored in the latches and the outputs remain 
stable. When E is LOW, the selected output, determined by the contents of the latch, is LOW. At E 
HIGH, all outputs are HIGH. The enable input (E) does not affect the state of the latch. When the 
HE F 45158 is used as a demultiplexer, E is the data input and Ao to A3 are the address inputs. 

12 13 21 122 
I Ao IA1 A2 JA3 

1 EL 
LATCHES 

I ] ] 
23 E -" DECODER -v 

o_ < ;>_ ( :> _ ( ;>_ ( ;>_ ( :>_ ( ;>_ c 
,__ ( 

;>_ ~ ;>_ ( :>_ ( ;>_ ( 
Oo 

11 

EL Ao A 1 

01 02 03 04 

9 10 8 7 

HEF4515B 

05 05 07 03 09 010 

6 5 4 18 17 20 

Fig. 1 Functional diagram. 

PINNING 

Ao to A3 

E 

06 0 5 04 03 0 1 0 2 Oo Vss EL 

0 11 

19 

Bo to 015 
7Z69513.2 

Fig. 2 Pinning diagram. 

HEF4515BP: 24-lead OIL; plastic (SOT-101A). 
H EF4515BD: 24-lead DI L; ceramic (cerdip) (SOT-94). 
HEF4515BT: 24-lead mini-pack; plastic (S0-24; SOT-137A). 

APPLICATION INFORMATION 

Some examples of applications for the HEF4515B are: 
• Digital multiplexing. 
• Address decoding. 
• Hexadecimal/BCD decoding. 

FAMILY DATA 
see Family Specifications 

loo LIMITS category MSI 

~ Products approved to CECC 90 104-068. 

;>_ ( ;>_ ( :>_ ( ;>~ 
0 12 013 0 14 015 

14 13 16 15 

7Z84275 

address inputs 

enable input (active LOW) 

latch enable input 

outputs (active LOW) 
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Ao-c> Oo 

s 
o, 

latch 
1 

Oz 

R 

03 

A1-c> 04 

s 
0 05 

latch 
2 

6 06 

R 

07 

A2-c> Os 

s 
Og 

latch 
3 

010 

o,, 

A3-c> 0 12 

s 
0 0 13 

latch 
4 

EL--t> 6 014 

R 

E-c> 
015 

7Zl4550.2 

Fig. 3 Logic diagram. 

Fig. 4 Logic diagram (one latch). 
7Z84223 
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1-of-16 decoder/demultiplexer with input latches 

TRUTH TABLE 
--------~--

inputs 

E Ao Ai A2 A3 Bo 61 52 63 o 
----···-------

H x x x x H H H H H 
L L L L L L H H H H 
L H L L L H L H H H 
L L H L L H H L H H 
L H H L L H H H L H 
L L L H L H H H H L 
L H L H L H H H H H 
L L H H L H H H H H 
L H H H L H H H H H 
L L L L H H H H H H 
L H L L H H H H H H 
L L H L H H H H H H 
L H H L H H H H H H 
L L L H H H H H H H 
L H L H H H H H H H 
L L H H H H H H H H 
L H H H H H H H H H 

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

A.C. CHARACTERISTICS 

outputs 

H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 
L H H H H H 
H L H H H H 
H H L H H H 
H H H L H H 
H H H H L H 
H H H H H L 
H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 

Vss = 0 V; T amb = 25 °c; CL = 50 p F; input transition times< 20 ns 

Voo symbol typ. max. v 

Propagation delays 

An, EL - On 5 260 520 ns 
HIGH to LOW 10 trHL 95 190 ns 

15 65 130 ns 

5 270 550 ns 
LOW to HIGH 10 tpLH 95 190 ns 

15 65 130 ns 

E -on 5 175 350 ns 
HIGH to LOW 10 trHL 65 130 ns 

15 45 90 ns 

5 200 400 ns 
LOW to HIGH 10 tPLH 70 140 ns 

15 50 100 ns 

HEF4515B 
MSI 

--

611 612 613 014 015 
--

H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
L H H H H 
H L H H H 
H H L H H 
H H H L H 
H H H H L 

typical extrapolation 
formula 

233 ns + (0,55 ns/pF) CL 
84 ns + (0,23 ns/pF) CL 
57 ns + (0, 16 ns/pF) CL 

243 ns + (0,55 ns/pF) CL 
84 ns + (0,23 ns/pF) CL 
57 ns + (0, 16 ns/pF) CL 

148 ns + (0,55 ns/pF) CL 
54 ns + (0,23 ns/pF) CL 
37 ns + (Q, 16 ns/pF) CL 

'I 
173 ns + (O>.!J5 ns/pF) CL 
59 ns + (0,23 ns/pF) CL 
42 ns + (0,16 ns/pF) CL 
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MSI l __ _ 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times.;;;; 20 ns 

Voo symbol min. typ. max. 
typical extrapolation 

v formula 

Output transition 5 90 180 ns 40 ns + ( 1,0 ns/pF) CL 
times 10 tTHL 35 65 ns 14 ns + (0,42 ns/pF) CL 

HIGH to LOW 15 25 50 ns 11 ns + (0,28 ns/pF) CL 

5 85 170 ns 35 ns+ (1,0 ns/pF) CL 
LOW to HIGH 10 tTLH 35 70 ns 14 ns + (0,42 ns/pF) CL 

15 25 50 ns 11 ns + (0,28 ns/pF) CL 

Set-up time 5 120 60 ns 
An- EL 10 tsu 40 20 ns 

15 30 15 ns 

Hold time 5 0 60 ns see also waveforms 
An- EL 10 tho Id 0 20 ns 

Fig. 5 
15 0 15 ns 

Minimum EL pulse 5 120 60 ns 
width; HIGH 10 twELH 40 20 ns 

15 30 15 ns 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 1100 fi + r(f0 CLl x v002 CL= load capacitance (pF) 
dissipation per 10 5500 fi + r(f0 CLl x v00 2 r(f0 CL) =sum of outputs 
package (P) 15 16 ooo fi + r(f0 CLl x v00 2 Voo =supply voltage (V) 

- tWELH-

EL INPUT 

An INPUT 

7 Z74552 

Fig. 5 Waveforms showing minimum pulse width for EL, set-up and hold times for An to EL. Set-up 
and hold times are shown as positive values but may be specified as negative values. 
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HEF45168 
MSI 

BINARY UP /DOWN COUNTER 

The HEF4516B is an edge-triggered synchronous up/down 4-bit binary counter with a clock input 
(CP), an up/down count control input (UP/DN), an active LOW count enable input (CE). an 
asynchronous active HIGH parallel load input (PL), four parallel inputs (Po to P3), four parallel out
puts (Oo to 03), an active LOW terminal count output (TC), and an overriding asynchronous master 
reset input (MR). 

Information on Po to P3 is loaded into the counter while PL is HIGH, independent of all other input 
conditions except MR which must be LOW. When PL and CE are LOW, the counter changes on the 
LOW to HIGH transition of CP. Input UP/ON determines the direction of the count, HIGH for counting 
up, LOW for counting down. When counting up, TC is LOW when Oo to 03 are HIGH and CE is LOW. 
When counting down, TC is LOW when Oo to 03 and CE are LOW. A HIGH on MR resets the counter 
(Oo to 03 = LOW) independent of all other input conditions. 

4 12 13 3 

PL 
---li-----1 PARALLEL LOAD Cl RCUITRY 

15 CP So/Co 

5 CE 
UP/DOWN TC 7 

10 UP/DN COUNTER 

9 MR 
Co 

HEF4516B 

6 11 14 2 7Z73715.2 

Fig. 1 Functional diagram. Fig. 2 Pinning diagram. 
7Z73714 

HEF4516BP: 16-lead DI L; plastic (SOT-38Z). 
HEF4516BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HEF4516BT: 16-lead mini-pack; plastic (S0-16; SOT-109A). -
PINNING 

PL 

Po to P3 

CE 

CP 

parallel load input (active HIGH) 

parallel inputs 

count enable input (active LOW) 

clock pulse input (LOW to HIGH, 
edge triggered) 

UP/DN up/down count control input 

MR master reset input 

TC terminal count output (active LOW) 

Oo to 03 parallel outputs 

FAMILY DATA 
) see Family Specifications 

loo LIMITS category MSI 

G Products approved to CECC 90 104-069. 477 
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MR 

PL 

UP/ON -C> 
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l_---

...--------+----+9 
...-------+----· h 

~------~- k 

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

...-------<>-----+m 

...---+---- n 
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Binary up/down counter J 
---

e--~ 

FF 
4 

HEF4516B 
MSI 

g -+---------+--+----------+--+----' 
h-+---------+--+---------+-+-------~ 

k-+---------+--+------~---+--+-------------

m -+---------_. 

n----------+--------~ 

7Z74556 

Fig. 3b Logic diagram (continued from Fig. 3a). 
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MSI l ___ _ 

FUNCTION TABLE 

MR PL UP/DN CE CP 

L H x x x 
L L x H x 
L L L L .f 
L L H L .! 
H x x x x 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
.f = positive-going transition 

mode 

parallel load 
no change 
count down 
count up 
reset 

-- count up - - - - count down 7Z69576 

Fig. 4 State diagram. 

Logic equation for terminal count: 

TC= CE. { (UP/DN)·Oo·01 ·02·03 + (UP/DN)·Oo·01 ·02·03} 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; input transition times,;;;; 20 ns 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f 0 =output freq. (MHz) 

Dynamic power 5 1000 fi + k(f0 CLl x v002 CL= load capacitance (pF) 
dissipation per 10 4500 fi + k(f0 CLl x v00 2 k(f0 CL) =sum of outputs 
package (P) 15 11 200 fi + k(f0 CLl x v002 Voo =supply voltage (V) 
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Binary up/down counter J 
---

HEF4516B 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times,;;;; 20 ns 

-- -. - . l"~D I •vmhol I rnlo _tv_p_._m_a_x_. _ _____,r---t-yp_--i-ca~l--~-~~-~-~·~-~-a_t-io_n_. ___ ~ 
Propagation delays! I 

CP •On 5 1 145 290 ns 118ns+(0,55ns/pF)CL 

HIGHtoLOW 1105 ltPHL I 4605 19200 nnss 49ns+(0,23ns/pF)CL 
37 ns + (0, 16 ns/pF) CL 

5 1 155 310 ns 128ns+(0,55ns/pF)CL 
LOWtoHIGH 10 tPLH 65 130 ns 54ns+(0,23ns/pF)CL 

15 45 90 ns 37ns+(0,16ns/pF)CL 

CP - TC 5 260 525 ns 233 ns + (0,55 ns/pF) CL 
HIGHtoLOW 10 tPHL 105 210 ns 94ns+(0,23ns/pF)CL 

LOW to HIGH 

PL- On 
HIGH to LOW 

LOW to HIGH 

PL-TC 
HIGH to LOW 

LOW to HIGH 

CE -Tc 
HIGH to LOW 

LOW to HIGH 

MR - On, TC 
HIGH to LOW 

MR-TC 
LOW to HIGH 

15 

5 
10 tPLH 
15 

5 
10 tPHL 
15 

5 

10 tPLH 
15 

5 
10 tPHL 
15 

5 
10 I tPLH 
15 I 

5 
10 tPHL 
15 

5 
10 tPLH 
15 

5 
10 tPHL 
15 

5 
10 tPLH 
15 

75 150 ns 

180 360 ns 
75 150 ns 
55 115 ns 

125 255 ns 
55 110 ns 
40 85 ns 

170 340 ns 
70 140 ns 
50 105 ns 

250 500 ns 
110 220 ns 
80 160 ns 

250 500 ns 
110 220 ns 
80 160 ns 

165 330 ns 
65 135 ns 
50 100 ns 

145 290 ns 
60 125 ns 
45 95 ns 

205 405 ns 
65 130 ns 
45 85 ns 

225 450 ns 
75 150 ns 
50 100 ns 

67 ns + (0, 16 ns/pF) CL 

153 ns + (0,55 ns/pF) CL 
64 ns + (0,23 ns/pF) CL 
47 ns + (0, 16 ns/pF) CL 

98 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns + (0,16 ns/pF) CL 

143 ns + (0,55 ns/pF) CL 
59 ns + (0,23 ns/pF) CL 
42 ns + (0, 16 ns/pF) CL 

223 ns + (0,55 ns/pF) CL 
99 ns + (0,23 ns/pF) CL 
72 ns + (0, 16 ns/pF) CL 

223 ns + (0,55 ns/pF) CL 
99 ns + (0,23 ns/pF) CL 
72 ns + (0,16 ns/pF) CL 

138 ns + (0,55 ns/pF) CL 
54 ns + (0,23 ns/pF) CL 
42 ns + (0, 16 ns/pF) CL 

118 ns + (0,55 ns/pF) CL 
49 ns + (0,23 ns/pF) CL 
37 ns + (0, 16 ns/pF) CL 

178ns+(~55n~pF)CL 
54 ns + (0,23 ns/pF) CL 
37 ns+ (0,16 ns/pF) CL 

198 ns + (0,55 ns/pF) CL 
64 ns + (0,23 ns/pF) CL 
42 ns + (0, 16 ns/pF) CL 
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HEF45168 
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A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times,;;:; 20 ns 

Voo symbol min. typ. max. v 
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 

Minimum clock 5 95 45 ns 
pulse width; LOW 10 twcPL 35 20 ns 

15 25 15 ns 

Minimum PL 5 105 55 ns 
pulse width; HIGH 10 twPLH 45 25 ns 

15 35 15 ns 

Minimum MR 5 120 60 ns 
pulse width; HIGH 10 twMRH 50 25 ns 

15 40 20 ns 

Recovery time 5 130 65 ns 
for MR 10 tRMR 45 20 ns 

15 30 15 ns 

Recovery time 5 150 75 ns 
for PL 10 tRPL 50 25 ns 

15 30 15 ns 

Set-up times 5 100 50 ns 

Pn - PL 10 tsu 50 25 ns 
15 40 20 ns 

5 250 125 ns 
UP/DN -cP 10 tsu 100 50 ns 

15 75 35 ns 

5 120 60 ns 

CE - CP 10 tsu 40 20 ns 
15 25 10 ns 

Hold times 5 10 -40 ns 

Pn - PL 10 tho Id 5 -20 ns 
15 0 -20 ns 

5 35 -90 ns 
UP/DN - CP 10 tho Id 15 -35 ns 

15 15 -25 ns 

5 20 -40 ns 
CE -cp 10 tho Id 5 -15 ns 

15 5 -10 ns 

Maximum clock 5 3 6 MHz 
pulse frequency 10 fmax 7 14 MHz 

15 9 18 MHz 

M,y 19831 

typical extrapolation 
formula 

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

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

see also waveforms 
Figs 5 and 6 



Binary up/down counter J 
---

CP INPUT 

HEF45168 
MSI 

-+- tsu ..._ -thold-1 

CE INPUT 50% 

UP/ON INPUT 

Fig. 5 Waveforms showing minimum pulse width for CP, set-up and hold times for CE to CP and 
UP/ON to CP. 

CP INPUT 50 °lo 

PL INPUT 

-tsu- thold -

Pn INPUT 

MR INPUT 

-.tWRMH-+ 7Z75081.1 

Fig. 6 Waveforms showing minimum pulse width for PL and MR, recovery time for PL and MR and 
set-up and hold times for Pn to PL. 
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DUAL 64-BIT STATIC SHIFT REGISTER 

HEF45178 
LSI 

The HEF4517B consists of two identical, independent 64-bit static shift registers. Each register has 
separate clock (CP), data input (D), parallel input-enable/output-enable (PE/EO) and four 3-state 
outputs of the 16th, 32nd, 48th and 64th bit positions (015 to 054). Data at the D input is entered 
into the first bit on the LOW to HIGH transition of the clock, regardless of the state of PE/EO. 

When PE/EO is LOW the outputs are enabied and the device is in the 64-bit serial mode. 

When PE/EO is HIGH the outputs are disabled (high impedance OFF-state), the 64-bit shift register is 
divided into four 16-bit shift registers with D, 015, 032 and 04a as data inputs of the 1st, 17th, 33rd, 
and 49th bit respectively. Schmitt-trigger action in the clock input makes the circuit highly tolerant 
to slower clock rise and fall times. 

7 DA 
D1 64- BIT STATIC SHIFT REGISTER 

4 CPA 
CP 015/D17 032/D33 04a/D49 054 

PE/EOA 
1 i 

3 
INPUT/3-STATE -OUTPUT CIRCUITRY 

1 -L 064A 5 

048A 2 

032A 6 

016A 1 

9 DB 
Dl 64- BIT STATIC SHIFT REGISTER 

12 CPB 
CP 015/D17 032/D33 04a/D49 054 

- j 1 
13 PE/EOB 

INPUT /3-STATE - OUTPUT CIRCUITRY 

l L 064B 11 

04aB 14 

032B 10 
016B 15 

7Z74569.1 
Fig. 1 Functional diagram. 

FAMILY DATA 
) see Family Specifications 

loo LIMITS category LSI 

8 Products approved to CECC 90 104-070. 485 



HEF4517B 
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PINNING 

CPA,CPB 

PE/EOA, PE/EOs 

DA,DB 

486 

OrnA 032A, 04sA 

015s, 032s, 04ss 

054A,064B 

PE/EOB 
I 

13 12 11 

HEF4517B 

4 5 6 7 8 

7Z74571.1 

Fig. 2 Pinning diagram. 

HEF4517BP: 16-lead DIL; plastic (SOT-38Z). 
HEF4517BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
H EF4517BT: 16-lead mini-pack; plastic (S0-16L; SOT-162A). 

clock inputs 

parallel input-enable/output-enable inputs 

data inputs 

3-state outputs/inputs 

3-state outputs/inputs 

3-state outputs 



0 
C"l .... 
0 
0-
~ 

(0 
CXl 
0 

""' 00 
-.J 

DA-I') 

l~PF/1-~ ~: h ~ ~; 1-~ ~; h ~ ~; 1-~ ~~ h ~ ~~ 1-~ ~~ h 
___ J I CPA~") ~ - -- --

PE/EoA-{>~ 

~ 
016A 032A 048A 7 Z74568.1 064A 

Fig. 3 Logic diagram (one shift register). 

I 
I 

0 
c: 
!!!. 
Ol 

""' 0-
;::;: 

"' .... 
Ol .... ;;;· 

"' :::r 
::;; ... ... 
<1> 

tQ 
;;;· ... 
~ 

I 
m 

r "'Tl 
5!? ~ 

U1 ........ 
--...J 
OJ 



""' co co 

0 g 
0-
(l) ..., 

tO 
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FUNCTION TABLE 

inputs 

CP D PE/EO 

f data entered L 
into 1st bit 

f data entered H 
into 1st bit 

\_ x L 

\_ x H 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
Z =high impedance state 
.! = positive-going transition 
\_ = negative-going transition 

015 

content of 
16th bit 
displayed 

data at 
015 entered 
into 17th bit 

no change 

z 

inputs/outputs 

032 04g 

content of content of 
32nd bit 48th bit 
displayed displayed 

data at data at 
032 entered 04g entered 
into 33rd bit into 49th bit 

no change no change 

z z 

054 

content of 
64th bit 
displayed 

remains in 
'Z' state 

no change 

z 

mode 

One 64-bit shift 
register. The content of 
the shift register is 
shifted over one stage 

Four 16-bit shift 
register. The content of 
the shift registers is 
shifted over one stage. 

no change 

no change 

I 
m 

r -n 
(I) .i::.. 
- (Jl ...... 

-...J 
OJ 



Dual 64-bit static shift register 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; input transition times< 20 ns 

Voo typical formula for P (µW) v 

Dynamic power 5 7 ooo fi + ~(f0CLl x Voo 2 

~pation p:_i 10 28000 fi + ~(f0CLl x Voo 2 

kage (P) 15 10000 fi + ~(f0CLl x Voo 2 

---

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times< 20 ns 
·----····- ·--

Voo symbol min. typ. max. v 

Propagation delays 
CP-On 5 220 440 ns 

HIGH to LOW 10 tpHL 85 170 ns 
15 60 120 ns 

5 190 380 ns 
LOW to HIGH 10 tPLH 75 150 ns 

15 50 100 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 

where 

HEF45178 
LSI 

fi = input freq. (MHz) 
f 0 =output freq. (MHz) 
CL= load capacitance (pF) 
~(f0CL) =sum of outputs 
Voo =supply voltage (V) 

typical extrapolation 
formula 

193 ns + (0,55 ns/pF) CL 
74 ns + (0,23 ns/pF) CL 
52 ns + (0, 16 ns/pF) CL 

163 ns + (0,55 ns/pF) CL 
64 ns + (0,23 ns/pF) CL 
42 ns + (0, 16 ns/pF) CL 

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

10 ns + (1,0 ns/pF) CL 
9 ns + (0,42 ns/pF) CL 
6 ns + (0,28 ns/pF) CL 
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HEF4517B 
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A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times~ 20 ns 

Voo symbol min. typ. max. v 

Minimum clock 5 95 190 ns 
pulse width; LOW 10 twcPL 40 80 ns 

15 30 60 ns 

Set-up times 5 30 10 ns 

On, D - CP 10 tsu 25 5 ns 
15 20 5 ns 

Hold time 5 45 15 ns 

On, D - CP 10 tho Id 30 10 ns 
15 25 10 ns 

3-state propagation 
delays 

Output disable times 
! PE/EO- On 5 40 80 ns 

HIGH 10 tpHz 30 60 ns 
15 25 50 ns 

5 50 100 ns 
LOW 10 tpLz 30 60 ns 

15 25 50 ns 

Output enable times 

PE/EO - On 5 45 90 ns 
HIGH 10 tpzH 25 50 ns 

15 20 40 ns 

5 60 120 ns 
LOW 10 tpzL 30 60 ns 

15 25 50 ns 

Maximum clock 5 2 5 MHz 
pulse frequency 10 fmax 6 12 MHz 

15 8 16 MHz 
_________ __J 

see also waveforms 
Fig. 4. 



Dual 64-bit static shift register 

CP INPUT 

On, D INPUT 

HEF45178 
LSI 

7Z74570.1 

Fig. 4 Waveforms showing minimum clock pulse width, set-up and hold times for On (as data input) 
and D to CP. 





DUAL BCD COUNTER 

HEF45188 
MSI 

The HEF4518B is a dual 4-bit internally synchronous BCD counter. The counter has an active HIGH 
clock input (CPo) and an active LOW clock input (CP1). buffered outputs from all tour bit pos1t1ons 
(Oo to 03) and an active HIGH overriding asynchronous master reset input (MR). The counter ad
vances on either the LOW to HIGH transition of the CPo input if CP1 is HIGH or the HIGH to LOW 
transition of the CP1 input if CPo is LOW. Either CPo or CP1 may be used as the clock input to the 
counter and the other clock input may be used as a clock enable input. A HIGH on MR resets the 
counter (Oo to 03 = LOW) independent of CPo, CP1. 
Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock rise and fall 
times. 

CPoA 
OoA 3 

01A 4 

2 CP1A 02A 5 

03A 6 

HEF4518B 
7 MRA 

CPoA CP1A OoA 01A 02A 03A MRA Vss 

CPos 
Oos 11 

9 7169514 

Orn 12 Fig. 2 Pinning diagram. 

10 cf>1s 02s 13 

03g 14 

15 MRg HEF4518BP: 16-lead OIL; plastic (SOT-38Z). 
HEF4518BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 

'------------------ HEF4518BT: 16-lead mini-pack; plastic 

Fig. 1 Functional diagram. 
1z59sss.1 (S0-16;SOT-109A). 

PINNING 

CPQA, CPos clock inputs ( L to H triggered) 

CPlA• CPrn clock inputs (H to L triggered) 

MRA, MRg master reset inputs 

OoA to 03A outputs 

Oos to 03g outputs 

APPLICATION INFORMATION 

Some examples of applications for the 
HEF4518B are: 

• Multistage synchronous counting. 

• Multistage asynchronous counting. 

• Frequency dividers. 

FAMILY DATA 
} see Family Specifications 

loo LIMITS category MSI 

G Products approved to CECC 90 104-071. 493 



.i:o. 
Cl) 
.i:o. 

s: I Ill 
< 
...... 
Cl) 
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CP1 

CPo 

MR 

FUNCTION TABLE 

CPo CP1 MR 

J H L 
L \. L 

\. x L 
x J L 
J L L 
H "\.. L 
x x H 

mdde 

counter advances 
counter advances 
no change 
no change 
no change 
no change 
Ooto03 =LOW 

Oo 01 

Fig. 3 Logic diagram {one counter). · 

H =HIGH state {the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
.f = positive-going transition 
\. = negative-going transition 

02 

FF 
4 

03 

7Z7539&.2 

I 

:::r:: m 
s: "Tl 
~ 

!!? CJl _. 
<X> 
CD 



Dual BCD counter 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times< 20 ns 

Voo symbol min. typ, max. v 

Propagation delays 

CPo, CP1 - On 5 120 240 ns 
HIGH to LOW 10 tPHL 55 110 ns 

15 40 80 ns 

5 120 240 ns 
LOW to HIGH 10 tPLH 55 110 ns 

15 40 80 ns 

MR - On 5 75 150 ns 
HIGH to LOW 10 tPHL 35 70 ns 

15 25 50 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 

Minimum CPo 5 60 30 ns 
pulse width; LOW 10 twcPL 30 15 ns 

15 20 10 ns 

Minimum CP1 5 60 30 ns 
pulse width; HIGH 10 twcPH 30 15 ns 

15 20 10 ns 

Minimum MR 5 30 15 ns 
pulse width; HIGH 10 twMRH 20 10 ns 

15 16 8 ns 

Recovery time 5 50 25 ns 
for MR 10 tRMR 30 15 ns 

15 20 10 ns 

Set-up times 5 50 25 ns 
CPo- CP1 10 tsu 30 15 ns 

15 20 10 ns 

5 50 25 ns 
-
CP1- CPo 10 tsu 30 15 ns 

15 20 10 ns 

Maximum clock 5 8 16 MHz 
pulse frequency 10 fmax 15 30 MHz 

15 20 40 MHz 

HEF45188 
MSI 

typical extrapolation 
formula 

93 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns + (0,16 ns/pF) CL 

93 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns + (0, 16 ns/pF) CL 

48 ns + (0,55 ns/pF) CL 
24 ns + (0,23 ns/pF) CL 
17 ns+ (0,16 ns/pF) CL 

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

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

see also waveforms 
Figs 4 and 5 
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HEF45188 

496 

MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; input transition times< 20 ns 

Voo 

Dynamic power 
dissipation per 
package (P) 

CP1 INPUT 
(CPo= LOW) 

CPo INPUT 
(CP1 =HIGH) 

MR INPUT 

v 

5 
10 
15 

typical formula for P (µW) 

750 fi + ~(f0CL) x v002 

3300 ti+ ~(f0CL) x v00 2 

8000 fi + ~(f0CL) x Voo 2 

50% 

-twcPH--

50% 

-twcPL-

50% 

where 
fi =input freq. (MHz) 
f0 = output freq. (MHz) 
CL= load capacitance (pF) 
~(f0CL) =sum of outputs 
Voo =supply voltage (V) 

7 Z69663 .1 

Fig. 4 Waveforms showing recovery time for MR; minimum CPo, CP1 and MR pulse widths. 

CPo INPUT 50% 

CP1 INPUT 50% 

On OUTPUT 50% 

7Z69664.2 

Fig. 5 Waveforms showing set-up times for CPo to CP1 and CP1 to CPo, and propagation delays. 
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Dual BCD counter J 
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HEF4519B 
MSI 

QUADRUPLE 2-INPUT MULTIPLEXER 

The HEF4519B provides four multiplexing circuits with common select inputs (SA, S9); each circuit 
contains two inputs (An, Bnl and one output (Onl· It may be used to select four bits of information 
from one of two sources. 

The 'A' inputs are selected when SA is HIGH, the 'B' inputs when S9 is HIGH. When SA and S9 are 
HIGH, the output (Onl is the logical EXCLUSIVE-NOR of the An and Bn inputs (On= An 0 Bnl· 

When SA and S9 are LOW, the output (Onl is LOW, independent of the multiplexer inputs (An and Bnl· 

The HEF4519B cannot be used to multiplex analogue signals. The outputs utilize standard buffers for 
best performance. 

6 7 4 5 2 3 15 

14 S9 
MULTIPLEXER 

INH OUTPUTS 

01 

7Z69528.3 10 11 12 13 

Fig. 1 Functional diagram. 

02 

HEF4519B 

8 3 A2 8 2 A1 8 1 Ao 8 0 V55 

7269515.1 

Fig. 2 Pinning diagram. 

PINNING 

SA,SB 

Ao to A3 

Bo to s3 
o0 to o3 

selects inputs (active HIGH) 

multiplexer inputs 

multiplexer inputs 

multiplexer outputs 

HEF4519BP: 16-lead DI L; plastic (SOT-38Z). 
HEF4519BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
H EF4519BT: 16-lead mini-p;ick; plastic 

(S0-16; SOT-109A). 

FAMILY DATA I 
see Family Specifications 

loo LIMITS category MSI 

~ Products approved to CECC 90 104-072. 499 
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HEF4519B 
MSI 

FUNCTION TABLE ,--. -----------~------·-
inputs output 

~~r1rs1~H~--~-°-~-
, L 1 L1X X L 

HI L IAn X I An 
L H i X Bn ! Bn 

H I H 'I L L 1
1 H 

H Ll H l , L 
HHLH 01L 

----~- ~ J_~--~~--L-~--

M•y 19831 

7274497 .1 

Fig. 3 logic diagram. 

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



Quadruple 2-input multiplexer 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times< 20 ns 

Voo symbol typ. max. v 

Propagation delays 
An, Bn- On 5 95 190 ns 

HIGH to LOW 10 tPHL 40 80 ns 
15 30 60 ns 

5 80 160 ns 
LOW to HIGH 10 tPLH 40 80 ns 

15 30 60 ns 

SA. Ss --- On 5 95 190 ns 
HIGH to LOW 10 tPHL 40 80 ns 

15 30 55 ns 

5 85 165 ns 
LOW to HIGH 10 tPLH 40 80 ns 

15 30 60 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 

Voo typical formula for P (µW) v 
!---

Dynamic power 5 1000 fi + ~(f0CL) x Voo2 
dissipation per 10 6000 fi + ~(f0CL) x Voo2 
package (P) 15 17000fi + ~(f0CL) x Vooz 

APPLICATION INFORMATION 

Some examples of applications for the HEF4519B are: 

• 2-input multiplexers. 
• True/complement selectors. 

HEF45198 
MSI 

typical extrapolation 
formula 

68 ns + (0,55 ns/pF)CL 
29 ns + (0,23 ns/pF)CL 
22 ns + (0,16 ns/pF)CL 

53 ns + (0,55 ns/pF)CL 
29 ns + (0,23 ns/pF)CL 
22 ns + (0, 16 ns/pF)CL 

68 ns + (0,55 ns/pF)CL 
29 ns + (0,23 ns/pF)CL 
22 ns + (0,16 ns/pF)CL 

58 ns + (0,55 ns/pF)CL 
29 ns + (0,23 ns/pF)CL 
22 ns + (0, 16 ns/pF)CL 

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

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

where 
fi =input freq. (MHz) 
f0 = output1freq. (MHz) 
CL= load capacitance (pF) 
~(f0CL) =sum ofoutputs 
Voo =supply voltage (V) 
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DUAL BINARY COUNTER 

HEF45208 
MSI 

The HE F452as is a dual 4-bit internally synchronous binary counter. The counter has an active HIGH 
clock input (CPa) and an active LOW clock input (CP1 ), buffered outputs from all four bit positions 
(Oa to 03) and an active HIGH overriding asynchronous master reset inp~t (MR). The counter advances 
on either the LOW to HIGH transition of the CPa input if CP1 is HIGH or the HIGH to LOW transition 
of the CP1 input if CPa is LOW. Either CPa or CP1 may be used as the clock input to the counter and 
the other clock input may be used as a clock enable input. A HIGH on MR resets the counter (Oa to 
03 = LOW) independent of CPa, CP1. 
Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock rise and fall 
times. 

CPaA 
OaA 3 

01A 4 

2 CP1A 02A 5 

03A 6 HEF452aS 

7 MRA CPoACP,AOOA o,A 02A 03AMRA Vss 

Oas 7269516 11 
9 CPas Fig. 2 Pinning diagram. 

Orn 12 

1a CPJB 02s 13 

03s 14 

15 MRs 

7Z69556. 1 

Fig. 1 Functional diagram. 

HEF452aSP: 16-lead DI L; plastic (SOT-38Z). 
HEF452aSD: 16-lead DI L; ceramic (cerdip) SOT-74). 
HEF452aST: 16-lead mini-pack; plastic 

PINNING 

CPaA· CPas clock inputs (L to H triggered) 

CP1A· CPrn clock inputs (H to L triggered) 

MRA, MRs master reset inputs 

OaA to 03A outputs 

Oas to 03s outputs 

FAMILY DATA 
) see Family Specifications 

loo LIMITS category MSI 

~ Products approved to CECC 9a 1a4-a73. 

(S0-16; SOT-1a9A). 
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FUNCTION TABLE 

CPo CP1 MR 

f H L 
L \. L 

\. x L 
x f L 
f L L 
H \. L 
x x H 

CT>, 

CPo 

MR 

mode 

counter advances 
counter advances 
no change 
no change 
no change 
no change 
Ooto 03 =LOW 

Oo a, 

Fig. 3 Logic diagram (one counter). 

H =HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
f = positive-going transition 
\. = negative-going transition 

02 

FF 
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03 

7Z75396.2 
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(/) 01 
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Dual binary counter J 
---

HEF45208 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times~ 20 ns 

Voo symbol min. typ. max. 
typical extrapolation 

v formula 

Propagation delays 
CPo, CP1 - On 5 110 220 ns 83 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 50 100 ns 39 ns + (0,23 ns/pF) CL 
15 40 80 ns 32 ns + (0, 16 ns/pF) CL 

5 110 220 ns 83 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 50 100 ns 39 ns + (0,23 ns/pF) CL 

15 40 80 ns 32 ns + (0, 16 ns/pF) CL 

MR- On 5 75 150 ns 48 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 35 70 ns 24 ns + (0,23 ns/pF) CL 

15 25 50 ns 17 ns+ (0,16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
LOW to HIGH 10 !TLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

Minimum CPo 5 60 30 ns 
pulse width; LOW 10 twcPL 30 15 ns 

15 20 10 ns 

Minimum CP1 5 60 30 ns 
pulse width; HIGH 10 twcPH 30 15 ns 

15 20 10 ns 

Minimum MR 5 30 15 ns 
pulse width; HIGH 10 twMRH 20 10 ns 

15 16 8 ns 

Recovery time 5 50 25 ns see also waveforms 
for MR 10 tRMR 30 15 ns 

Figs 4 and 5 
15 20 10 ns 

Set-up times 5 50 25 ns 

CPo - CP1 10 tsu 30 15 ns 
15 20 10 ns 

5 50 25 ns 
CP1- CPo 10 tsu 30 15 ns 

15 20 10 ns 

Maximum clock 5 8 16 MHz 
pulse frequency 10 fmax 15 30 MHz 

15 20 40 MHz 
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HEF45208 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; input transition times,;;;; 20 ns 

Dynamic power 
dissipation per 
package (P) 

CP1 INPUT 
(CPo= LOW) 

CPo INPUT 
(CP1 =HIGH) 

MR INPUT 

Voo 
v 

5 
10 
15 

typical formula for P (µW) 

850fi + L(foCL) x Voo 2 

3800fi + L(foCL) x Voo 2 

10200fi + L(foCL) x Voo 2 

50% 

-twcPL--

-twMRH-- tRMR --

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 

7269663.1 

Fig. 4 Waveforms showing recovery time for MR; minimum CPo, CP1 and MR pulse widths. 

CPolNPUT 50% 

CP1 INPUT 50% 

--- tsu -- - tsu -

On OUTPUT 50% 

- --
7Z6_9664.2 

Fig. 5 Waveforms showing set-up times for CPo to CP1 and CP1 to CPo. and propagation delays. 
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24-STAGE FREQUENCY DIVIDER 

HEF45218 
MSI 

The H EF4521 B consists of a chain of 24 toggle flip-flops with an overriding asynchronous master reset 
input (MR), and an input circuit that allows three modes of operation. The single inverting stage 
( 12/02) will function as a crystal oscillator, or in combination with I 1 as an RC oscillator, or as an 
input buffer for an external oscillator. Low-power operation as a crystal oscillator is enabled by 
connecting extern!ll resistors to pins 3 (V55') and 5 (Voo'). 
Each flip-flop divides the frequency of the previous flip-flop by two, consequently the HEF4521 B 
will count up to 2 24 = 16777216. The counting advances on the HIGH to LOW transition of the clock 
( 12). The outputs of the last seven stages are available for additional flexibility. 

5 4 2 9 

----------------<..._. CP 
STAGES 1to8 

3 Vss' 

CP 
STAGES 9 to 16 

STAGES 17to24 

7Z74662.1 10 11 12 13 14 15 7 

Fig. 1 Functional diagram. 

FAMILYOATA } 
100 LIMITS category MSI see Family Specifications 

e Products approved to CECC 90 104-074. 509 
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HEF45218 
MSI 

16 15 14 

Voo 0 23 022 

Fig. 2 

13 12 11 10 9 

0 21 0 20 019 018 1, 

HEF4521B 

02 12 o, Vss 

6 7 8 

Pinning diagram. 
7274563 

HEF4521 BP: 16-lead DI L; plastic (SOT-38Z). 
HEF4521BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
H EF4521 BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

FUNCTIONAL TEST SEQUENCE 

inputs 
control 

terminals 
outputs 

.. 

MR 12 02 Vss ' 018 to 024 

H L L Voo Vss L 

L n n Voo Vss H 

L L L Vss Vss H 

L H L Vss Vss H 

L H L Vss Voo H 

L \. Vss Voo L 

-~ -··-·------'-···---· 

COUNT CAPACITY 

output count capacity 

018 218 = 262 144 

019 219 = 524288 

020 220 = 1 048 576 

021 221 = 2 097 152 

022 222 = 4 194 304 

023 223 = 8 388 608 

024 224 =16777216 

remarks 

counter is in three 8-stage sections 
in parallel mode; 12 and 02 are 
interconnected (02 is now input); 
counter is reset by MR 

255 pulses are clocked into 12, 02 
(the counter advances on the LOW 
to HIGH transition) 

Vss' is connected to Vss 

the input 12 is made HIGH 

Voo' is connected to Voo; 02 is 
now made floating and becomes an 
output; the device is now in the 
2 24 mode 

counter ripples from an all HIGH 
state to an all LOW state 

A test function has been included for the reduction of the test time required to exercise all 24 counter 
stages. This test function divides the counter into three 8-stage sections by connecting Vss' to Voo 
and Voo' to Vss· Via 12 (connected to 02) 255 counts are loaded into each of the 8-stage sections in 
parallel. All flip-flops are now at a HIGH state. The counter is now returned to the normal 24-stage in 
series configuration by connecting Vss' to Vss and Voo' to Voo· One more pulse is entered into 
input 12, which will cause the counter to ripple from an all HIGH state to an all LOW state. 
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Fig. 3 Logic diagram; for schematic diagram of clock circuit see Fig. 4. 
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HEF4521B 
MSI 

----

512 

02 

A.G. CHARACTERISTICS 

-+---+ to logic 

7Z84276 

Fig. 4 Schematic diagram of 
clock input circuitry. 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times< 20 ns 

Voo . 
-----------~~-----,---------

V symbol mm. typ. max. 
typical extrapolation 

formula 

Propagation delays 
12- 018 

HIGH to LOW 

LOW to HIGH 

On- On+ 1 
HIGH to LOW 

LOW to HIGH 

MR- On 
HIGH to LOW 

11 - 01 
HIGH to LOW 

LOW to HIGH 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

5 
10 tpH L 
15 

5 
10 tPLH 
15 

5 
10 tpH L 
15 

5 
10 tPLH 
15 

5 
10 tpH L 
15 

5 
10 tpH L 
15 

5 
10 tPLH 
15 

950 1900 ns 
350 700 ns 
220 440 ns 

950 1900 ns 
350 700 ns 
220 440 ns 

40 80 ns 
15 30 ns 
10 20 ns 

40 80 ns 
15 30 ns 
10 20 ns 

120 240 ns 
55 110 ns 
40 80 ns 

90 180 ns 
35 70 ns 
25 50 ns 

60 120 ns 
30 60 ns 
20 40 ns 

923 ns + (0,55 ns/pF) CL 
339 ns + (0,23 ns/pF) CL 
212 ns + (0, 16 ns/pF) CL 

923 ns + (0,55 ns/pF) CL 
339 ns + (0,23 ns/pF) CL 
212 ns + (0,16 ns/pF) CL 

13 ns + (0,55 ns/pF) CL 
4 ns + (0,23 ns/pF) CL 
2 ns + (0,16 ns/pF) CL 

13 ns + (0,55 ns/pF) CL 
4 ns + (0,23 ns/pF) CL 
2 ns + (0, 16 ns/pF) CL 

93 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns + (0,16 ns/pF) CL 

63 ns + (0,55 ns/pF) CL 
24 ns + (0,23 ns/pF) CL 
17 ns + (0,16 ns/pF} CL 

33 ns + (0,55 ns/pF) CL 
19 ns + (0,23 ns/pF) CL 
1 2 n s + ( 0, 16 ns/ p F) CL 

5 60 120 ns 10 ns + (1,0 ns/pF) CL 
10 tTHL 30 60 ns I 9 ns + (0,42 ns/pF) CL 

10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

15 l 20 40 ns 6ns+(0,28ns/pF)CL 

5 60 120 ns L10ns+(1,0ns/pF)CL 

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



24-stage frequency divider l-~-HE_F_4_5-21-B~~~ 
A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times<;;; 20 ns 

Voo symbol min. typ. max. v 

I Minimum 12 pulse 5 80 40 ns I I width; HIGH 10 tw12H 40 20 ns 
15 30 15 ns 

Minimum MR 5 70 35 ns 
pulse width; HIGH 10 twMRH 40 20 ns 

15 30 15 ns see also waveforms 

Recovery time 5 20 -10 ns Fig. 5 

for MR 10 tRMR 15 -5 ns 
15 15 0 ns 

Maximum clock 5 6 12 MHz 
pulse frequency 10 fmax 12 25 MHz 

15 17 35 MHz 

Voo typical formula for P (µW) 
where 

v fi = input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 1 200 fi + 2:(f0 CLl x v002 CL= load capacitance (pF) 
dissipation per 10 5100 fi + I:(f0 CLl x Voo2 I:(f0 CLl =sum of outputs 
package (P) 15 13050 fi + I:(f0 CLl x v002 Voo =supply voltage (V) 

'--· 

MR INPUT 

12 INPUT 50% 

- tWl2H -
7Z74564 

Fig. 5 Waveforms showing minimum pulse widths for MR and 12, recovery time for MR. 
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HEF45218 
MSI 

APPLICATION INFORMATION 

Ro 

Cs 

7Z85109 

CT 

1,8 
MD 

Voo 

1, 

12 

MR 

Vss 

Voo 

R(1) 

Voo 

01 
02 

co 018 
N 
LO 
<:t 
u.. 
w 
I 

I 
I 

0 24 

Vss 

R(1) 

(1) Optional for low power operation. 

Fig. 6 Crystal oscillator circuit. 

Typical characteristics for crystal oscillator circuit (Fig. 6): 

500 kHz 
circuit 

Crystal characteristics 
resonance frequency 500 
crystal cut s 
equivalent resistance; Rs 1 

External resistor/capacitor values 
Ro 47 
CT 82 
Cs 20 

514 Ootobec 19BO I 

50 kHz 
unit 

circuit 

50 kHz 
N -

6,2 k.11 

750 k.11 
82 pF 
20 pF 



24-stage frequency divider HEF4521B 
MSI 

fosc 
(kHz) 

MR 

Vss 

en 
~ 

N 
L!'> 
'<t 
LL 
w 
I 

Voo ' 

01 
02 

018 

I 
I 

024 

Vss ' 

7Z85110 

Fig. 7 RC oscillator circuit; 

f ~ 1 · R :::;, 2 R . h' h· ~ 2 3 R c ' s ,,,.. TC· tn w IC . 
' x TCX 

fin Hz, Rinn, C in F. 

t---1---- -- - - ·-

- - - RTc; C = 1 nF; 
Rs"'-" 2 RTc 

t---r---~-+-+-H++---+--+-~~N-+-H+H-- N-+·-
. N ·~ 

----C; RTc = 56 kn; 
Rs= 120 kn 

~ ..... 

1---+--+-+-+-+++tt--+-f--+-+-+++++--~-+--+- -

r---t--+--+--+-++++~~--+-++++t.. ~~--

~ 
10- 1 ~-~_.__.___.._._.~-~-.__.~~~---'--'---'--"-J.~~~~ 

1 10 102 RTC (krl) 103 

10-1 10 C (nF) 

Fig. 8 Oscillator frequency as a function of RTc and C; Voo = 10 V; test circuit is Fig. 7. 

( M'Y 1986 
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----H-EF_:_s7_2_1s __ -l ___________________ _ 
APPLICATION INFORMATION (continued) 

R bias= 560 k.U 

Fig. 9 Test set-up for measuring forward transconductance 
gfs = di0 /dvi at v0 is constant (see also graph Fig. 10). 

10 

9fs 

(mA/V) 

7,5 

5 

2,5 , L 
I~ 
I 
..I. 

7Z84364 

P1 B !;:; 
]/' 

P1 
1l ,_. H lZ 

..I. IZ 
IL v 

if_ v 
~ li-1 !Z 

.1. k'.'. 
1 v v 
IJ_ I- v 

v 
1 IL 
I/ _l. 
I 

IZ 

0 
0 5 10 Voo !Vl 15 

Fig. 10 Typical forward transconductance 9fs as a 
function of the supply voltage at T amb = 25 °c . 

• ,. """ ... ,.so I 

Curves in Fig. 10: 

A: average, 
B: average + 2 s, 
C: average -2 s, in which: 

's' is the observed standard 
deviation. 



24-stage frequency divider j 
---

HEF45218 
MSI 

7ZB4251 1 

\ 

~_tYp 

t---+--+--r-+---+--+-\J~l'\:-+-+-+-+---+-- --·+--

Q .................. _.._.__.__._....._..._....._.._.___.__._.......__. 
0 5 10 Voo (Vl 15 

Fig. 11 Voltage gain (Vo!V1 as a function 
of supply voltage. 

330k.Q 

7Z84257.1 

2 0 tl- ---1-+--+---l--!--+--

100 

(mA) ~-+-+-+-+-- _____ -t--- --+--+-+--t 
t--+--· -- - +-+--+!- ... ..., 
t--+-+---+·-·-+---1---->--4---4---4--+- - --'t/--1---1 

typ 
~-+-+--+···+--+-+--f--+--+--l---t--T-'-7.,._+--t 

l---l-+--+----+--1---1-+-+---+--l----+--+-fj#-+---t--l 
10t---<f-+-+-+---+-~-+--+-~-+-6-_,__,__~ 

I 

5 10 Voo (V) 15 

Fig .. 12 Supply current as a function 
of supply voltage. 

121[}102 Fig. 13 Test set-up for measuring graphs 
of Figs 11and12. 

7Z84463 
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HEF4522B 
MSI 

PROGRAMMABLE 4-BIT BCD DOWN COUNTER 

The HE F4522B is a synchronous programmable 4-bit BCD down counter with an active HIGH and an 
active LOW clock input (CPo, CP1 ), an asynchronous parallel load input (PL), four parallel inputs (Po 
to P3), a cascade feedback input (CF), four buffered parallel outputs (Oo to 03), a terminal count 
output (TC) and an overriding asynchronous master reset input (MR). 

This device is a programmable, cascadable down counter with a decoded TC output for divide-by-n 
applications. In single stage applications the TC output is connected to PL. CF allows cascade divide
by-n operation with no additional gates required. 

Information on Po to P3 is loaded into the counter while PL is HIGH, independent of all other input 
conditions except MR, which must be LOW. When PL and CP1 are LOW, the counter advances on a 
LOW to HIGH transition of CPo. When PL is LOW and CPo is HIGH, the counter advances on a HIGH 
to LOW transition of CP1. TC is HIGH when the counter is in the zero state (Oo = 01 = 02 = 03 = LOW) 
and CF is HIGH and PL is LOW. A HIGH on MR resets the counter (Oo to 03 =LOW) independent of 
other input conditions. 

Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock rise and fall 
times. 
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Fig. 1 Functional diagram. 
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TC P1 MR 01 

HEF4522B 

PL CP1 Po CPo oo Vss 
2 3 4 5 6 7 8 

7Z74611 

HEF4522BP: 16-lead DIL;plastic (SOT-38Z). 
HEF4522BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HEF4522BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

Fig. 2 Pinning diagram. 

PINNING 

PL 

Po to P3 

CF 

CPo 

CP1 

MR 

TC 

o0 to 03 

parallel load input 

parallel inputs 

cascade feedback input 

clock input (LOW to HIGH, triggered) 

clock input (HIGH to LOW, triggered) 

asynchronous master reset input 

terminal count output 

buffered parallel outputs 

COUNTING MODE FUNCTION TABLE 

CF= HIGH; PL= LOW; MR= LOW 

count outputs 

03 02 o, Oo 

9 H L L H 
8 H L L L 

7 L H H H 
6 L H H L 
5 L H L H 
4 L H L L 

3 L L H H 
2 L L H L 
1 L L L H 
0 L L L L 

MR PL CPo CP1 mode 

H x x x reset (asynchronous) 
L H x x preset (asynchronous) 
L L J H no change 
L L L \_ no change 
L L \_ x no change 
L L x J no change 
L L J L counter advances 
L L H \_ counter advances 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X =state is immaterial 
J =positive-going transition 
\_ = negative-going transition 

I 



Programmable 4-bit BCD down counter J 
-----

SINGLE STAGE OPERATION 

Divide-by-n; MR= LOW; CF= HIGH; CP1 =LOW 

PL P3 P2 P1 Po 
divide TC output 

by pulse width 

L x x x x 10 
one clock 
period 

TC H H H H 15 
TC H H H L 14 
TC H H L H 13 
TC H H L L 12 
TC H L H H 11 
TC H L H L 10 
TC H L L H 9 clock pulse 
TC H L L L 8 HIGH 
TC L H H H 7 
TC L H H L 6 
TC L H L H 5 
TC L H L L 4 
TC L L H H 3 
TC L L H L 2 
TC L L L H 1 

TC L L L L no operation 

7274617 

Fig. 3 State diagram. 
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Programmable 4-bit BCD down counter HEF4522B 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; input transition times< 20 ns 
-

Voo typical formula for P (µW) where 
v fi =input freq. (MHz) 

f 0 =output freq. (MHz) 
Dynamic power 5 1000 fi + L(foCL) x Voo 2 CL= load capacitance (pF) 

dissipation per 10 4000 fi + L(foCL) x Voo 2 ~(f0 CL) =sum of outputs 

I package (P) I 15 I 10000 fi + ~(f0CL) x v00 2 Voo =supply voltage (V) 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times< 20 ns 

Voo symbol min. tvp. max. 
typical extrapolation 

v formula 

Propagation delays 

CPo, CP1 - On 5 150 300 ns 123 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 65 130 ns 54 ns + (0,23 ns/pF) CL 

15 50 100 ns 42 ns + (0,16 ns/pF) CL 

5 150 300 ns 123 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 65 130 ns 54 ns + (0,23 ns/pF) CL 

15 50 100 ns 42 ns + (0,16 ns/pF) CL 

CPo, CP1 - TC 5 210 420 ns 183 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 90 180 ns 79 ns + (0,23 ns/pF) CL 

15 70 140 ns 62 ns + (0, 16 ns/pF) CL 

5 210 420 ns 183 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 90 180 ns 79 ns + (0,23 ns/pF) CL 

15 70 140 ns 62 ns + (0, 16 ns/pF) CL 

PL-On 5 200 400 ns 173 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tpHL 80 160 ns 69 ns + (0,23 ns/pF) CL 

15 60 120 ns 52 ns+ (0,16 ns/pF) CL 

5 180 360 ns 153 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 70 140 ns 59 ns + (0,23 ns/pF) CL 

15 50 100 ns 42 ns + (0,16 ns/pF) CL 

MR -on 5 140 280 ns 113 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 55 110 ns 44 ns + (0,23 ns/pF) CL 

15 40 80 ns 32 ns + (0,16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + ( 1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10ns+ (1,0ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 
_ _J_~-~----~----------

( "'' 1983 
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A.C. CHARACTERISTICS 

V55 = 0 V; Tamb "25 °C; CL= 50 pF; input transition times,,;::; 20 ns 
------------------------ ---- -------------

V ~o symbol min. typ. max. 

------------------- ----+---- ---+--------------~ 

Minimum clock 5 80 
pulse width; CPo 10 twcPL 40 
LOW 15 30 

Minimum clock 5 80 
pulse width; Cl11 10 twcPH 40 
HIGH 15 30 

Minimum PL 5 100 
pulse width; HIGH 10 1WPLH 40 

15 32 

Minimum MR 5 130 
pulse width; HIGH 10 twMRH 50 

15 40 

Hold time 5 30 
P11 -PL 10 tho Id 20 

15 15 

Set up time 5 30 
Pn--- PL 10 tsu 20 

15 15 

Maximum clock 5 6 
pulse frequency 10 fmax 12 
PL=LOW 15 16 

Note 

40 
20 
15 

40 
20 
15 

50 
20 
16 

65 
25 
20 

5 
5 
5 

0 
0 
0 

12 
25 
32 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

MHz 
MHz 
MHz 

see also waveforms 
Figs 5 and 6 

1 see note 

In the divide-by-n mode (PL connected to TC), one has to observe the maximum HIGH to LOW 
propagation delay for CP to TC, before applying the next clock pulse. 

M•Y 19831 



Programmable 4-bit BCD down counter 

PL INPUT 50% 

Pn INPUT 

On OUTPUT 

HEF4522B 
MSI 

7Z84145 

Fig. 5 Waveforms showing minimum PL pulse width, propagation delays for PL, Pn to On and hold 
time for PL to Pn. 

CPo 
INPUT 50% 

CP1 
INPUT 

on 
OUTPUT 

TC 
OUTPUT 

50% 

---. .___ tPLH 

50% 

-+ .__tPLH 7Z84144 

Fig. 6 Waveforms showing minimum CPo and CP1 pulse widths, propagation delays for CPo, CP1 to 
On and TC. 
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APPLICATION INFORMATION 

Some examples of applications for the HEF4522B are: 

• Divide-by-n counter 

• Programmable frequency divider 

cycle inhibit 

c!ock _/ ~---+----< 

master 
reset 

Oo 
PL 

CF 

Mf1 

Eii1 

CPo 
Po 

o, 02 03 

HEF45228 TC 

I L.S.D.) 

P1 P2 P3 

Oo o, 02 03 
PL 

Voo 
CF 

MR HEF4522B TC 

CP1 
(M.S.D.) 

CPo 
Po P1 P2 P3 

10 k12 10 kS2 
(4x) (4 xi 

nO s n 1 

Fig. 7 Typical application of two HEF4522B circuits in a 2-stage programmable down counter (one 
cycle). Sare thumbwheel switches; when open: LOW state. 

Counting cycle: 

------ 9 

I 8 

L.S.D. counter M.S.D. counter 
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Programmable 4-bit BCD down counter 

Oo o, 02 03 
PL 

CF 
Voo 

MR HEF4522B TC 

CP1 
I L.S.D.) 

clockf CPo 
Po P1 P2 P3 

10 kS1 
(4x) 

s nO 

master reset __ .._ ____________ ___J 

Oo o, 02 
PL 

CF 

MR HEF4522B 

CP1 
(M.S.D.) 

CPo 
Po P1 P2 

s 

03 

TC 

P3 

HEF45228 
MSI 

10 kS1 
(4x) 

n1 

Fig. 8 Typical application of two HEF4522B circuits in a 2-stage programmable frequency divider. 
Sare thumbwheel switches; when open: LOW state. 

Counting cycle: 

9 
8 

j 

nO 

2 
1 
0 

L.S.D. counter 

!'] 
M.S.D. counter 
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PROGRAMMABLE 4-BIT BINARY DOVVN COUNTER 

The HEF4526B is a synchronous programmable 4-bit binarv down counter with an active HIGH and an 
active LOW clock input (CPo, CP1 ), an asynchronous parallel load input (PL), four parallel inputs (Po 
to P3), a cascade feedback input (CF), four buffered parallel outputs (Oo to 03), a terminal count 
output (TC) and an overriding asynchronous master reset input (MR). 

This device is a programmable, cascadable down counter with a decoded TC output for divide-by-n 
applications. In single stage applications the TC output is connected ta PL. CF allows cascade divide
by-n operation with no additional gates required. 

Information on Po to P3 is loaded into the counter while PL is HIGH, independent of all other input 
conditions except MR, which must be LOW. When PL and CP1 are LOW, the counter advances on a 
LOW to HIGH transition of CPo. When PL is LOW and CPo is HIGH, the counter advances on a HIGH 
to LOW transition of CP1. TC is HIGH when the counter is in the zero state (Oo = 01 = 02 = 03 = 

LOW) and CF is HIGH and PL is LOW. A HIGH on MR resets the counter (Oo to 03 = LOW) 
independent of other input conditions. 

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

3 j5 J11 j14 J2 
PL Po P1 P2 P3 

PARALLEL LOAD 
~ 

CIRCUITRY 

6 CPo Co/So 
BINARY 

- CP DOWN 
4 CP1 

COUNTER 
Co 

03 1 

02 15 

10 MR 01 9 
Oo 7 

L--

....___ ZERO TC 12 

13 CF DETECTOR 

7Z84109.1 

FAMILY DATA } 
see Family Specifications 

loo LIMITS category MSI 

~ Products approved to CECC 90 104-076. 

Fig. 1 Functional diagram. 

529 



530 

HEF45268 
MSI l __ _ 
16 15 14 13 12 11 

HEF4526B 

PL CP1 

4 5 6 

Fig. 2 Pinning diagram. 

PINNING 

PL 

Po to P3 

CF 

parallel load input 

parallel inputs 

cascade feedback input 

7 8 
7Z74610 

HEF4526BP: 16-lead OIL; plastic {SOT-38Z). 
HEF4526BD: 16-lead OIL; ceramic {cerdip) {SOT-74). 
HE F4526BT: 16-lead mini-pack; plastic 

{S0-16; SOT-109A). 

CPo 

CP1 

MR 

TC 

clock input (LOW to HIGH, triggered) 

clock input (HIGH to LOW, triggered) 

asynchronous master reset input 

terminal count output 

o0 to 03 buffered parallel outputs 

COUNTING MODE 

CF= HIGH; PL= LOW; MR= LOW 

count 
outputs 

03 02 01 Oo 

15 H H H H 
14 H H H L 
13 H H L H 
12 H H L L 

11 H L H H 
10 H L H L 
9 H L L H 
8 H L L L 

7 L H H H 
6 L H H L 
5 L H L H 
4 L H L L 

3 L L H H 
2 L L H L 
1 L L L H 
0 L L L L 

Moy 19831 

FUNCTION TABLE 

MR PL CPo CP1 mode 

H x x x reset {asynchronous) 
L H x x preset {asynchronous) 
L L ;- H no change 
L L L \. no change 
L L \. x no change 
L L x ;- no change 
L L ;- L counter advances 
L L H \. counter advances 

H =HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
J = positive-going transition 
\. = negative-going transition 



Programmable 4-bit binary down counter 

SINGLE STAGE OPERATION 

Divide-by-n; MR= LOW; CF= HIGH; CP1 =LOW 

.. --··-· ·-·------T------------------.------· ·1 
pl pddivide TC output 

L x x x x ~;-_-· !?~:ec~:~h ___ l 
.__--1-----1----+----+--- ___ perio~ __ .J 

PL 

TC H H H H 15 
TC H H H L 14 
TC H H L H 13 
TC H H L L 12 
TC H L H H 11 
TC H L H L 10 
TC H L L H 9 clock pulse 
TC H L L L 8 HIGH 
TC L H H H 7 
TC L H H L 6 
TC L H L H 5 
TC L H L L 4 
TC L L H H 3 
TC L L H L 2 
TC L L L H 1 --- ----+---------r--- -- ---------------
TC L L L L no operation 

L-----'-~-~-- .L..___ ------~ .. ---·---·-' ------~----~--·· 

Fig. 3 State diagram. 

7Z74616 
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Programmable 4-bit binary down counter 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; input transition times.-;;;;; 20 ns 

HEf 45268 
MSI 

-----=r--t------------- --- -- --- -------------· ·----------·- ----· 
Voo ~ where V typical formula for P (µW) 

fi =input freq. (MHz) 
-- ---- f0 =output freq. (MHz) 

Dynamic power 5 1000 fi + k(f0 CL) x v002 CL= load capacitance (pF) 
dissipation per 10 4000 fi + k(f0 CL) x v00 2 ~(f0CL) =sum of outputs 
package (P) 15 10000 fi + k(f0 CL) x v002 L~oo =supply voltage (V) J 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times.-;;;;; 20 ns 

V~o symbol min. typ. max. 

t-----------t-----+----+--·---

Propagation delays 
CPo, CP1 -on 

HIGH to LOW 

LOW to HIGH 

CPo, CP1-TC 
HIGH to LOW 

LOW to HIGH 

PL-On 
HIGH to LOW 

LOW to HIGH 

MR-- On 
HIGH to LOW 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

5 
10 tPHL 
15 

5 
10 tPLH 
15 

5 
10 tPHL 
15 

5 
10 tPLH 
15 

5 
10 tPHL 
15 

5 
10 tpLH 
15 

5 
10 tPHL 
15 

5 
10 tTHL 
15 

5 
10 tTLH 
15 

150 
65 
50 

150 
65 
50 

300 ns 
130 ns 
100 ns 

300 ns 
130 ns 
100 ns 

210 420 ns 
90 180 ns 
70 140 ns 

210 420 ns 
90 180 ns 
70 140 ns 

200 400 ns 
80 160 ns 
60 120 ns 

180 360 ns 
70 140 ns 
50 100 ns 

140 280 ns 
55 110 ns 
40 80 ns 

60 120 ns 
30 60 ns 
20 40 ns 

60 120 ns 
30 60 ns 
20 40 ns 

··-------·-------·------'----'-------"--------·---

typical extrapolation 
formula 

123 ns + (0,55 ns/pF) CL 
54 ns + (0,23 ns/pF) CL 
42 ns + (0, 16 ns/pF) CL 

123 ns + (0,55 ns/pF) CL 
54 ns + (0,23 ns/pF) CL 
42ns+(~16n~pF)CL 

183 ns + (0,55 ns/pF) CL 
79 ns + (0,23 ns/pF) CL 
62 ns + (0, 16 ns/pF) CL 

183 ns + (0,55 ns/pF) CL 
79 ns + (0,23 ns/pF) CL 
62 ns + (0, 16 ns/pF) CL 

173 ns + (0,55 ns/pF) CL 
69 ns + (0,23 ns/pF) CL 
52 ns + (0,16 ns/pF) CL 

153 ns + (0,55 ns/pF) CL 
59 ns + (0,23 ns/pF) CL 
42 ns + (0,16 ns/pF) CL 

113 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns + (0,16 ns/pF) CL 

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

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

---------------
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A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times.;;;; 20 ns 

Voo symbol min. typ. max. v 

Minimum clock 5 80 40 ns 
pulse width CPo 10 twCPL 40 20 ns 

LOW 15 30 15 ns 

Minimum clock 5 80 40 ns 
pulse width CP1 10 twcPH 40 20 ns 

HIGH 15 30 15 ns 

Minimum PL 5 100 50 ns 
pulse width; HIGH 10 twPLH 40 20 ns 

15 32 16 ns 

Minimum MR 5 130 65 ns see also waveforms 
pulse width; HIGH 10 twMRH 50 25 ns Figs 5 and 6 

15 40 20 ns 

Hold time 5 30 5 ns 
Pn -PL 10 tho Id 20 5 ns 

15 15 5 ns 

Set-up time 5 30 0 ns 
Pn -PL 10 tsu 20 0 ns 

15 15 0 ns 

Maximum clock 5 6 12 MHz 
} see note pulse frequency 10 fmax 12 25 MHz 

PL= LOW 15 16 32 MHz 

Note 

In the divide-by-n mode (PL connected to TC), one has to observe the maximum HIGH to LOW 
propagation delay for CP to TC, before applying the next clock pulse. 



Programmable 4-bit binary down counter 

PL INPUT 

Pn INPUT 

On OUTPUT 

HEF4526B 
MSI 

7ZB4145 

Fig. 5 Waveforms showing minimum PL pulse width, propagation delays for PL, Pn to On and hold 
time for PL to Pn. 

CPo 
INPUT 

CP1 
INPUT 

on 
OUTPUT 

TC 
OUTPUT 

----. 

----. 

+- twcPL ___. 

50% 

+- twcPH ___. 

50% 

..____ tPLH 

50% 

+-tPLH 
7284144 

Fig. 6 Waveforms showing minimum CPo and CP1 pulse widths, propagation delays for CPo, CP1 to 
On and TC. 
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APPLICATION INFORMATION 

Some examples of applications for the HEF4526B are: 

€! Divide-by-n counter 
• Programmable frequency divider 

cycle inhibit 

Oo o, 02 03 
PL 

CF 

MR HEF4526B TC 

CP1 
I L.S. D. I 

clock_} CPo 
Po P1 P2 P3 

s 

Voo 

1okn 
(4x) 

nO 

master reset __ ..._ ____________ _, 

Oo o, 02 03 
PL 

CF 

MR HEF4526B TC 

CP1 
(M.S.D.) 

CPo 
Po P1 P2 P3 

10k'2 
(4x) 

s n1 

Fig. 7 Typical application of two HEF4526B circuits in a 2-stage programmable down counter (one 
cycle). Sare thumbwheel switches; when open: LOW state. 

Counting cycle: 

15 
14 

L.S.D. counter M.S.D. counter 
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Programmable 4-bit binary down counter 

Oo o, 02 03 
PL 

CF 
Voo 

MR HEF4526B TC 

CP1 
I L.S. D.I 

clockJ CPo 
Po P1 P2 P3 

10 kl! 
(4x) 

s no 

master 
reset --+-------------------' 

Oo o, 02 
PL 

CF 

MR HEF4526B 

CP1 
(M.S.D.) 

CPo 
Po P1 P2 

s 

03 

TC 

P3 

HEF4526B 
MSI 

10 k'2 
(4x) 

nl 

Fig. 8 Typical application of two HEF4526B circuits in a 2-stage programmable frequency divider. 
Sare thumbwheel switches; when open: LOW state. 

Counting cycle: 

15 
14 

F "~] 
0 0 

L.S.D. counter M.S.D. counter 
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BCD RATE MULTIPLIER 

The HE F4527B is a BCD rate multiplier with two buffered rate outputs (01 and 61), two buffered 
terminal count outputs (TC and TC), four BCD rate select inputs (SA, SB, Sc, So), a common clock 
input (CP), a preset input (PL), an overriding asynchronous clear input (CL), a strobe input (STR), a 
cascade input (CAS) and an active LOW count enable input (CE). 
The BCD rate multiplier provides an output pulse rate based upon the BCD input number. For example, 
if 6 is the BCD number, there will be six output pulses for every ten clock input pulses. The output is 
clocked on the negative-going transition of the clock. 
When CE, STR, CAS, CL and PL are LOW, the rate pulses are available at the outputs 01 and 61, the 
terminal count pulses at TC and TC. 
A HIGH on CL resets the counter, independent of all other input conditions and a rate of 10 pulses is 
available at 01 and 61 when So is HIGH. When CE is HIGH, the counter is disabled, the state of the 
outputs (01. 01) depend on the content of the counter. 
A HIGH on PL sets the counter in the '9' state and TC becomes HIGH. 
A HIGH on STR inhibits the outputs01and61. A HIGH on CAS forcestheoutput01 to HIGH, 
while the state of 61 depends on the inputs SA to So (see lines 1 to 16 of function table). 
This device may be used to perform arithmetic operations. For the add mode and multiply mode see 
Figs 5 and 6. 
Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock rise and fall 
times. 

10 12 14 15 2 3 

STR CAS SA SB Sc So 
9 CP l 
4 PL 

I-- 01 6 
I-- RATE SELECTOR 

+10 I-- 01 5 
13 CL 

t--

COUNTER 
TC 1 

11 CE TC 7 

7284386 

Fig. 1 Functional diagram. 

FAMILY DATA 
see Family Specifications 

loo LIMITS catagory MSI 
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TC 

SA CL CAS 

HEF4527B 

HEF4527BP: 16-lead DIL; plastic (SOT-38Z). 
STA CP HEF4527BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 

01 TC Vss 

7Z84383 

HEF4527BT: 16-lead mini-pack; plastic 
(S0-16; SOT-109A). 

Fig. 2 Pinning diagram. 

PINNING 

CP 

PL 

CL 

CE 

STA 
CAS 

SA to So 

01to61 

TC 

TC 

clock input 

preset to '9' input 

counter clear input 

count enable input (active LOW) 

strobe input 

cascade input 

rate select inputs 

rate outputs 

terminal count output (active HIGH) 

terminal count output (active LOW) 

M"'/ 19831 
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FUNCTION TABLE 

inputs I outputs 
t------------------~-· -·-+-·---< 

number of pulses or logic level 

s; ns~,t r; 
L L H I L 10 
L L H H 10 

L H L'L10 
L 
L 
L 

H 
H 
H 
H 

H L H 10 
H H L 10 
H H H 10 

L L L 10 
L L H 10 
L H L 10 
L H H 10 

H L I L 10 

C~ll_~~-T~~~-~~L-i p 

L
1

L L LjL 

L 

LILL LIL 

~ I ~ ~ ~ ~ 
L L L L L 
L 
L 

L 
L 
L 
L 

L 

L 
L 

L 
L 
L 
L 

L 

L 
L 

L 
L 
l 
L 

L 
L 

L 
L 
L 
L 

L 
L 

L 
L 
L 
L 

L L 

number of pulses 
eve! or logic I 

-
01 01 T 

t-· 

L H 1 
1 1 1 
2 2 1 
3 3 1 

4 4 1 
5 5 

I 

1 
6 6 1 
7 7 1 

8 8 1 
I 9 9 1 

8 8 1 
9 9 1 

8 8 1 u H L i H 10 
H HIL.10 
H H I H I 10 t·-t x I x ' x I x 

L i L 
L L 

L f L 

Hl L 

L 
L 
L 
L ~ l ~ ~ · 1 _9 t 1-

L I L • • H 

9 9 1 
8 8 1 

x 

x 
I I i 

x
1

1x 1 xi10 
I 

:t-11: I: :ji::Jtll~ LXXXXL L 
XXXXXL L 

L_ - --

L H 

l 

L 

H 

L 
L 
L 

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

L I L 

L 

H 
H 
L 

L 

x 
x 
H 

L 

H 

10 
L 
L 

H 

10 
H 
H 

H 
H 
L 

L 
L 
H 

mode of 
operation 

rate pulses at 
the outputs 
depend on the 
BCD input 
number at 
SA to So 

CE= H; counter 
disabled 

outputs 01 and 02 
disabled 
output 01 
disabled 

CL=H J counter reset 
PL= H; preset 
to '9' 

* Same output as the first 16 lines of this function table (depends on the values of SA to So). 
• Depends on internal state of the counter. 

M•y 19831 



BCD rate multiplier HEF4527B 
MSI 

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

parameter Voo symbol min. typ. max. unit 
typical extrapolation 

v formula 

Propagation delays 

CP - 01,01 5 130 260 ns 103 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 lPHI 50 100 ns 39 ns + (0,23 ns/pF) CL 

15 35 70 ns 27 ns + (0, 16 ns/pF) CL 

5 130 260 ns 103 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 50 50 ns 39 ns + (0,23 ns/pF) CL 

15 35 35 ns 27 ns + (0,16 ns/pF) CL 

CP - TC 5 175 350 ns 148 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 65 130 ns 54 ns + (0,23 ns/pF) CL 

15 45 90 ns 37 ns+ (0,16 ns/pF) CL 

5 160 320 ns 133 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 65 130 ns 54 ns + (0,23 ns/pF) CL 

15 45 90 ns 37 ns + (0,16 ns/pF) CL 

CP - TC 5 175 350 ns 148 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 65 130 ns 54 ns + (0,23 ns/pF) CL 

15 50 100 ns 42 ns + (0, 16 ns/pF) CL 

5 150 300 ns 123 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 60 120 ns 49 ns + (0,23 ns/pF) CL 

15 45 90 ns 37 ns + (0,16 ns/pF) CL 

CAS- 01 5 90 180 ns 63 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 35 70 ns 24 ns + (0,23 ns/pF) CL 

15 25 50 ns 17 ns + (0,16 ns/pF) CL 

5 70 140 ns 43 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 30 60 ns 19 ns + (0,23 ns/pF) CL 

15 25 50 ns 17 ns + (0,16 ns/pF) CL 

STR --- 01, 01 5 100 200 ns 73 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 40 80 ns 29 ns + (0,23 ns/pF) CL 

15 30 60 ns 22 ns + (0,16 ns/pF) CL 

5 85 170 ns 58 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 35 70 ns 24 ns + (0,23 ns/pF) CL 

15 25 50 ns 17 ns + (0,16 ns/pF) CL 

CE - TC 5 95 190 ns 68 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 35 70 ns 24 ns + (0,23 ns/pF) CL 

15 25 50 ns 17 ns + (0,16 ns/pF) CL 

5 65 130 ns 38 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 30 60 ns 19 ns + (0,23 ns/pF) CL 

15 20 40 ns 12 ns + (0, 16 ns/pF) CL 

CL - 01 5 145 290 ns 118 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 55 110 ns 44 ns + (0,23 ns/pF) CL 

15 40 80 ns 32 ns + (0,16 ns/pF) CL 

CL - 01 5 145 290 ns 118 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 55 110 ns 44 ns + (0,23 ns/pF) CL 

15 40 80 ns 32 ns + (0,16 ns/pF) CL 
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HEF45278 
MSI 

A.C. CHARACTERISTICS (continued) 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times.;;;; 20 ns. 

parameter Voo symbol min. typ. max. unit v 

Propagation delays 
PL-.01,01 5 260 520 ns 

HIGH to LOW 10 tPHL 100 200 ns 
15 70 140 ns 

5 235 470 ns 
LOW to HIGH 10 tPLH 90 180 ns 

15 50 100 ns 

Minimum clock 5 45 90 ns 
pulse width 10 twcPH 18 36 ns 

HIGH 15 12 24 ns 

Minimum CL 5 20 40 ns 
pulse width; HIGH 10 twcLH 12 24 ns 

15 10 20 ns 

Minimum PL 5 50 100 ns 
pulse width; HIGH 10 twPLH 20 40 ns 

15 15 30 ns 

Set-up times 5 30 15 ns 
CE-. CP 10 tsu 20 10 ns 

15 12 5 ns 

Recovery times 5 20 10 ns 
CL - CP 10 tRCL 16 8 ns 

15 10 5 ns 

5 80 40 ns 
PL-. CP 10 tRPL 36 18 ns 

15 25 10 ns 

Maximum clock 5 4,5 9 MHz 
pulse frequency 10 fmax 11 22 MHz 

15 16 32 MHz 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 oc; input transition times.;;;; 20 ns 

Voo typical formula for P (µW) v 

Dynamic power 5 1 050 fi + ~(f0CL) x v0 0 2 

dissipation per 10 4 500 fi + ~(f0CL) x Voo 2 

package (Pl 15 10 500 fi + ~(f0CLl x v002 

544 M•v 1983) 

typical extrapolation 
formula 

233 ns + (0,55 ns/pF) CL 
89 ns + (0,23 ns/pF) CL 
62ns+(~16n~pF)CL 

208 ns + (0,55 ns/pF) CL 
79 ns + (0,23 ns/pF) CL 
42 ns + (0,16 ns/pF) CL 

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
~(f0CLl =sum of outputs 
Voo =supply voltage (V) 



2 ____ __, 

4 ---
number of 
pulses at 5 
output a, __ ___, 

6 ---
7 

8 

9 

L BCD preset number 
7Z84387 

Fig. 4 Timing diagram. 
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HEF4527B 
MSI 

APPLICATION INFORMATION 

Add mode 

MOST SIGNIFICANT 
DIGIT 

H SA 

L S9 01 
L Sc 
H So 01 

CP HEF4527B 
RM1 

CAS TC 
CE 
STR TC 

CL PL 

clock ----------------' 

Fig. 5 Two HEF4527B cascaded in the add mode. 

LEAST SIGNIFICANT 
DIGIT 

L SA 

L S9 01 
H Sc 
L So 01 

CP HEF4527B 
RM2 

CAS TC 
CE 
STR TC 

CL PL 

7Z84385 

Output rate= 10n (0, 1 BCD1 + 0,01 BCD2 + 0,01 BCD3 + ........ ),in where n =number of cascaded 
RMs. Example: RM 1 preset to 9 and RM2 preset to 4, output rate is 102 (0, 1 x 9 x 0,01 x 4) c 94. 

Multiply mode 

MOST SIGNIFICANT LEAST SIGNIFICANT 
DIGIT DIGIT 

H SA L SA 

L S9 01 L S9 o, 
L Sc H Sc 
H So 01 L So 01 

CP HEF4527B CP HEF4527B 
RM1 RM2 

CAS TC CAS TC 
CE CE 
STR TC STR TC 

CL PL CL PL 

clock -----------------' 7Z84384 

Fig. 6 Two HEF4527B cascaded in the multiply mode. 
Output rate= 10n (0, 1 BCD1 x 0, 1 BCD2x0,1 BCD3 x ........ ),in where n =number of cascaded RMs. 
Example: RM 1 preset to 9 and R M2 preset to 4, output rate is 102 (0, 1 x 9 x 0, 1 x 4) = 36. 



HEF4528B 
MSI 

DUAL MONOSTABLE MUL TIVIBRATOR 

The HEF4528S is a dual retriggerable-resettable monostable multivibrator. Each multivibrator has an 
active LOW input ffol, an_s! active HIGH input (I 1 ), an active LOW clear direct input (Co), an output 
(0) and its complement (0), and two pins for connecting the external timing components (CTC· * 
RCTc). 

An external timing capacitor (Ct) must be connected between CTc and RCTc and an external resistor 
( Rtl must be connected between RCTc and Voo- The duration of the output pulse is determined by 
the external timing components Ct and Rt· 

A HIGH to LOW transition on To when I 1 is LOW or a LOW to HIGH transition on I 1 when To is 
Hl~H prodl:l._ces a positive pulse (LOW-HIGH-LOW) on Q_ and a negative pulse (HIGH-LOW-HIGH) 
on 0 if the Co is HIGH. A LOW on Co forces 0 LOW, 0 HIGH and inhibits any further pulses until 
Co is HIGH. 

5 1oA 

4 

3 CoA 

14 RCTCS 

15 

CTCS 

11 1os 

12 

118 Os 9 

7 282336.1 

Fig. 1 Functional diagram. 

11 10 9 

HEF4528S 

7 8 
7284349 

Fig. 2 Pinning diagram. 

HEF4528SP: 16-lead OIL; plastic (SOT-38Z). 
HEF4528SO: 16-lead OIL;ceramic(cerdip) (SOT-74). 
HEF4528ST: 16-lead mini-pack; plastic 

PINNING 

'oA. las 
11A· 118 

CoA· Cos 

.OA, Os 

OA. Os 

(S0-16; SOT-109A). 

input (HIGH to LOW triggered) 

input (LOW to HIGH triggered) 

clear direct input (active LOW) 

output 

complementary output (active LOW) 

CTc A· CTc s external capacitor connections* 

RCTc A· external capacitor/ 

resistor connections 

* Always connected to ground. -
FAMILY DATA } 

see Family Specifications 
loo LIMITS category MSI 

~ Products approved to CECC 90 104-077. 547 



HEF45288 
MSI l ___ _ 

-~~<Jr---·---------~ r 
o---t>~ 

To---~ 

? 
0 0 7Z75414.1 

Fig. 3 Logic diagram (one monostable multivibrator). 
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Dual monostable multivibrator 

FUNCTION TABLE 

h inputs outputs *f¥--·-··- ____ & _______ _ 
Co o o 

f- --- -· 
I H Il lS 

H Il lS 
L~l_~li_L~- H _ _J 

A.C. CHARACTERISTICS 

H =HIGH state (the more positive voltage) 
L =' LOW state (the less positive voltage) 
X == state is immaterial 
J == positive-going transition 
\... == negative-going transition 

HEF45288 
MSI 

n lS =positive or negative output pulse; width is determined 
by Ct and Rt 

Vss == 0 V; T amb == 25 °c; CL= 50 pF; input transition times< 20 ns 

Propagation delays 

To.11 - 5 
HIGH to LOW 

To.11--0 
LOW to HIGH 

co --- o 
HIGH to LOW 

co-a 
LOW to HIGH 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

--·-------·---

A.C. CHARACTERISTICS 

Voo 
v 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

-· 

typ. max. 
typical extrapolation 

formula symbol min. 

40 280 ns 113 ns + (0,55 ns/pF) CL 
50 100 ns 39 ns + (0,23 ns/pF) CL 
35 70 ns 27 ns + (0, 16 ns/pF) CL 

55 305 ns 128 ns + (0,55 ns/pF) CL 
60 115 ns 49 ns + (0,23 ns/pF) CL 
40 80 ns 32 ns+ (0,16 ns/pF) CL 

05 210 ns 78 ns + (0,55 ns/pF) CL 
40 85 ns 29 ns + (0,23 ns/pF) CL 
30 60 ns 22 ns + (0,16 ns/pF) CL 

20 240 ns 93 ns + (0,55 ns/pF) CL 
50 105 ns 39 ns + (0,23 ns/pF) CL 
35 70 ns 27 ns + (0,16 ns/pF) CL 

60 120 ns 10 ns + (1,0 ns/pF) CL 
30 60 ns 9 ns + (0.42 ns/pF) CL 
20 40 ns 6 ns + (0,28 ns/pF) CL 

60 120 ns 10ns+ (1,0ns/pF) CL 
30 60 ns 9 ns + (0.42 ns/pF) CL 
20 40 ns 6 ns + (0,28 ns/pF) CL 

--------·--·-· -------

trHL_L'~ 
tTLH 

------ --

Vss = 0 V; Tamb = 25 °c; input transition times< 20 ns; Rt= 5 kil; Ct= 15 pF 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f0 ==output freq. (MHz) 

Dynamic power 5 4000 fi + ~(f0CLl x v00 2 CL== load capacitance (pF) 
dissipation per 10 20000 fi + ~(f0CLl x v002 ~(f0CL) ==sum of outputs 
package (P) 15 59000 fi + ~(f0CLl x v002 Voo ==supply voltage (V) 
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HEF45288 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times< 20 ns; see also waveforms Fig. 5. 

Voo symbol min. typ. max. v 

Recovery time 5 0 -75 ns 
for c0 10 tRCO 0 -30 ns 

15 0 -25 ns 

Minimum To 5 50 25 ns 
pulse width; LOW 10 I tw10L 30 15 ns 

15 20 10 ns 

Minimum 11 5 50 25 ns 
pulse width; HIGH 10 tw11H 30 15 ns 

15 i 20 10 ns 

Minimum Co 5 
I 

60 30 I ns 
pulse width; LOW 10 1 twcoL 35 15 ns 

15 25 10 ns 

Set-up time 5 0 -105 ns 

f 
to avoid change c0 -Toor1 1 10 · tsu 0 -40 ns 
in output 

15 0 -25 ns 

Output 0 pulse 5 - 235 ns r width; HIGH 10 twoH - 155 ns 
l 

note 1 
15 - 140 ns 

Output 0 pulse 
I 

5 - 5,45 µs 

f 
width; HIGH 10 twoH - 4,95 µs note 2 

15 - 4,85 µs 

Change in output 0 5 

I Atwo 

- ±3 % 

{ pulse width over 10 - ±2 % note 3 
temperature 15 - ±2 % 

Change in output 0 5 - ±2 % 

f 
I 

pulse width over 10 A two ±1 % Voo ± 5% -
Voo 15 - ±1 % 

External timing 5 I 5 - 2000 k.11 
5 - 2000 k.11 
5 - 2000 k.11 

External timing no limits 
capacitor Ct no limits 

5 no limits 

,~;.,,, ~1'.f r 
~----~-·-- ~- .L__. 

N~tes 
1. Rt= 5 k.11; C1 = 15 pF; for other Rt, Ct combinations and Ct< 0,01 µF see graph Fig. 4. 
2. Rt= 10 k.11; Ct = 1000 p F; for other Rt, Ct combinations and Ct> 0,01 µF use for mu la 

two= K.Rt.Ct· 

where: two= output pulse width (s) K = 0,42 for Voo = 5 V 
Rt =external timing resistor (n) K = 0,32 for Voo = 10 V 
Ct =external timing capacitor (F) K = 0,30 for Voo = 15 V 

3. T amb = -40 to +85 °c; A two is referenced to two at T amb = 25 °c. 
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Dual monostable multivibrator 

102 

7Z72961 1 

Z 1'. "'1ov 
W' l'--15v 
jjl" 

Ct (pF) 

HEF45288 
MSI 

Fig. 4 Output pulse width (two) as a function of external timing capacitor (Ct). 
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HEF4528B 
MSI 

~D INPUT 50% 

lo INPUT 

(11 =LOW) 

~1 INPUT 
(lo= HIGH) 

-

- twcoL-- tRco - - tw10L -

50% 

-tsu -tw11H-

50% 

- -tsu 

0 OUTPUT ~ 
l/twoH--l 

/50% 

.............. ,,__._ ........ ~~~~~~~~~~~--' 
7Z75415 

Fig. 5 Waveforms showing minimum To, I 1 and 0 pulse widths, set-up and recovery times. Set-up and 
recovery times are shown as positive values but may be specified as negative Values. 

APPLICATION INFORMATION 

An example of an application for the HEF4528B is: 

• Non-retriggerable monostable multivibrator 

0 

0 

0 

0 

7Z84350 

Fig. 6 Two examples for a non-retriggerable monostable multivibrator using half of HEF4528B 
(LOW to HIGH and HIGH to LOW triggered). 

552 CktoOO' 1980 I 



13-INPUT PARITY CHECKER/GENERATOR 

HEF4531B 
MSI 

The HEF4531 B is a parity checker/generator with 13 parity inputs (lo to I 12) and a parity output (0). 
When the number of parity inputs that are HIGH is even, the output is LOW. When the number of 
parity inputs that are HIGH is odd, the output is HIGH. For words of 12 bits or less, the output can be 
used to generate either odd or even parity by appropriate termination of the unused parity input(s). 
For words of 14 or more bits, the devices can be cascaded by connecting the output of one device to 
any parity input of another device. When cascading devices, it is recommended that the output of one 
device be connected to the I 12 input of the other device since there is less delay to the output from 
the I 12 input than from any other input (lo to I 11 ). 

7 6 5 4 3 2 15 14 13 12 11 10 

FAMILY DATA 

0 is HIGH if any odd number of inputs is HIGH 

0 

9 

Fig. 1 Functional diagram. 

HEF4531B 

6 7 8 
7Z74618 

Fig. 2 Pinning diagram. 

HEF4531BP: 16-lead DIL;plastic (SOT-38Z). 
HEF4531BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4531 BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

loo LIMITS category MSI 
} see Family Specifications 

: Products approved to CECC 90 104-078. 

7Z74619.1 
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HEF45318 
MSI 

la 
lg 

110 
111 
112 __________ _.. 

7Z74620.1 

Fig. 3 Logic diagram. 

FUNCTION TABLE 

.----· 
inputs 

1---
lo I 1 12 13 14 15 16 17 la lg 

L L L L L L L L L L 
any odd number of inputs HIGH 
any even number of inputs HIGH 

H H H H H H H H H 

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

A.C. CHARACTERISTICS 

H 

110 I 11 

L L 

H H 

Vss = 0 V; Tamb = 25 °C; input transition times~ 20 ns 

I 12 

L 

H 

Voo typical formula for P (µW) v 

Dynamic power 5 425 fi + ~(f0CLl x v002 

dissipation per 10 2 400 ti+ ~(f0CLl x Voo2 

package (P) 15 7 100 fi + ~(f0CLl x v002 

'---

554 Ootob" 1980 I 

0 

output 

0 

L 
H 
L 
H 

where 
fi =input freq. (MHz) 
f 0 =output freq. (MHz) 
CL= load capacitance (pF) 
~(f0CL) =sum of outputs 
Voo =supply voltage (V) 



13-input parity checker/generator 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times,;;;; 20 ns 

Voo symbol typ. max. v 

Propagation delays 
10 to 111 - o 5 145 290 ns 

HIGH to LOW 10 tPHL 60 120 ns 
15 45 90 ns 

5 135 270 ns 
LOW to HIGH 10 tPLH 55 110 ns 

15 45 90 ns 

112- 0 5 105 210 ns 
HIGH to LOW 10 tPHL 45 90 ns 

15 35 70 ns 

5 85 170 ns 
LOW to HIGH 10 tPLH 35 70 ns 

15 25 50 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 

HEF45318 
MSI 

typical extrapolation 
formula 

118 ns + (0,55 ns/pF) CL 
49 ns + (0,23 ns/pF) CL 
37 ns + (0,16 ns/pF) CL 

108ns+(~55n~pF)CL 
44 ns + (0,23 ns/pF) CL 
37 ns + (0, 16 ns/pF) CL 

78 ns + (0,55 ns/pF) CL 
34 ns + (0,23 ns/pF) CL 
27 ns + (0,16 ns/pF) CL 

58 ns + (0,55 ns/pF) CL 
24 ns + (0,23 ns/pF) CL 
17 ns + (0,16 ns/pF) CL 

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

10 ns + (1,0 ns/pF) CL 
9 ns + (0,42 ns/pF) CL 
6 ns + (0,28 ns/pF) CL 
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L HEF45328 
MSI ,_ 

8-INPUT PRIORITY ENCODER 

The HEF4532B is an 8-input priority encoder with eight active HIGH priority inputs (lo to 17), three 
active HIGH outputs (Oo to 02), an active HIGH enable input (Ein), an active HIGH enable output 
(E0 ut) and an active HIGH group select output (GS). 
Data is accepted on inputs lo to 17. The binary code corresponding to the highest priority input (lo to 
17) which is HIGH, is generated on Oo to 02 if Ein is HIGH. Input 17 is assigned the highest priority. 
GS is HIGH when one or more priority inputs and Ein are HIGH. Eout is HIGH when lo to 17 are LOW 
and Ein is HIGH. Ein• when LOW, forces all outputs (Oo to 02, GS, Eoutl LOW. 

5 Ein 

' 

r-} 
4 17 

3 15 

2 15 

1 14 _, 
13 13 
~·,.·-

12 12 
-
11 11 

10 lo 

16 15 14 13 

VDD Eout GS 13 12 I 1 

H6F4532B 

17 Ein 02 

4 

Fig. 2 Pinning diagram. 

enable 

PRIORITY 

ENCODER 

lo Oo 

01 Vss 
8 

7Z75365.1 

Eout 15 

GS 14 

02 6 

'1 7 

Oo 9 

Fig. 1 Functional diagram. 

7Z7537L1 

HEF4532BP: 16-lead DI L; plastic (SOT-38Z). 
HEF4532BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4532BT: 16-lead mini-pack; plastic 

PINNING 

10 to 17 

Ein 

Eout 

GS 

o0 to o2 

(S0-16; SOT-109A). 

priority inputs 

enable input 

enable output 

group select output 

outputs 
FAMILYOATA ) 

see Family Specifications 
loo LIMITS category MSI 

: Products approved to CECC 90 104-079. 557 
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+-' 
::l 
0 

LU 
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8-bit priority encoder J 
---

HEf 45328 
MSI 

TRUTH TABLE 

inputs outputs 
··----, --··-.------,----

Ein 17 15 15 14 13 12 ''f' - . 

I 
L x x x x x x x x 
H L L L L L L L L 
H H x x x x x x x 
H L H x x x x x x 
H L L H x x x x x 
H L L L H x x x x 
H L L L L H x x x 
H L L L L L H x x 
H L L L L L L H x 
H L L L L L L L H 

'---

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

LOGIC EQUATIONS 

02 =Ein·(l4+l5+l5+l7) 

01 = Ein" (lrl4 · T5 + l3· l4 · T5 + 15 + 17) 

GS 

L 
L 
H 
H 
H 
H 
H 
H 
H 
H 

Oo = Ein· (11·T2·T4·T5+13· T4·l5+1 5 ·T6 +1 7) 

Eout = Ein·lo·T1 ·lrl3·l4·l5·l5·l7 

GS = Ein. (lo+ I 1 + 12 + 13 + 14 + 15 + 15 + 17) 

A.C. CHARACTERISTICS 

02 

L 
L 
H 
H 
H 
H 
L 
L 
L 
L 

Vss = 0 V; Tamb = 25 °C; input transition times,;;; 20 ns 

01 

L 
L 
H 
H 
L 
L 
H 
H 
L 
L 

Voo typical formula for P (µW) v 

Dynamic power 5 1 620 fi + L(foCLl x Voo 2 

d issi pa ti on per 10 6 600 fi + L(foCLl x Voo 2 

package (P) 15 15 970 fi + L(foCLl x Voo 2 

bq 

L 
L 
H 
L 
H 
L 
H 
L 
H 
L 

Eout 

L 
H 
L 
L 
L 
L 
L 
L 
L 
L 

where 
fi =input freq. (MHz) 
f 0 =output freq. (MHz) 
CL= load capacitance (pF) 
L (f0 CLl =sum of outputs 
Voo =supply voltage (V) 
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HEF4532B 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times< 20 ns; see also waveforms Fig. 4 

I r-- ----···-~· v~E 
~gation delays V 

I Ejn - Eout 5 

min. 

I HIGH to LOW i 10 tpHL 

I 
LOW to HIGH 

Ein - GS 
HIGH to LOW 

LOW to HIGH 

Ein -on 
HIGH to LOW 

LOW to HIGH 

In --- On 
HIGH to LOW 

LOW to HIGH 

111 ---. GS 
HIGH to LOW 

LOW to HIGH 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

15 

5 
10 tPLH 
15 

5 
10 tPHL 
15 

5 
10 tPLH 
15 

5 
10 1PHL 
15 

5 
10 tPLH 
15 

5 
10 tPHL 
15 

5 
10 tPLH 
15 

5 
10 tPHL 
15 

5 
10 tPLH 
15 

5 
10 tTHL 
15 

5 
10 tTLH 
15 

I 

~--

typ. max. 
typical extrapolation 

formula 

95 190 ns 68 ns + (0,55 ns/pF) CL 
45 90 ns 34 ns + (0,23 ns/pF) CL 
35 70 ns 27 ns + (0,16 ns/pF) CL 

80 160 ns 53 ns + (0,55 ns/pF) CL 
35 70 ns 24 ns + (0,23 ns/pF) CL 
30 60 ns 22 ns + (0, 16 ns/pF) CL 

85 170 ns 58 ns + (0,55 ns/pF) CL 
45 90 ns 34 ns + (0,23 ns/pF) CL 
35 70 ns 27 ns + (0,16 ns/pF) CL 

80 160 ns 53 ns + (0,55 ns/pF) CL 
40 80 ns 29 ns + (0,23 ns/pF) CL 
30 60 ns 22 ns + (0, 16 ns/pF) CL 

80 160 ns 53 ns + (0,55 ns/pF) CL 
40 80 ns 29 ns + (0,23 ns/pF) CL 
30 60 ns 22 ns + (0,16 ns/pF) CL 

85 170 ns 58 ns + (0,55 ns/pF) CL 
40 80 ns 29 ns + (0,23 ns/pF) CL 
30 60 ns 22 ns + (0, 16 ns/pF) CL 

115 230 ns 88 ns + (0,55 ns/pF) CL 
50 100 ns 39 ns + (0,23 ns/pF) CL 
35 70 ns 27 ns + (0,16 ns/pF) CL 

115 230 ns 88 ns + (0,55 ns/pF) CL 
50 100 ns 39 ns + (0,23 ns/pF) CL 
35 70 ns 27 ns + (0, 16 ns/pF) CL 

115 230 ns 88 ns + (0,55 ns/pF) CL 
50 100 ns 39 ns + (0,23 ns/pF) CL 
40 80 ns 32 ns + (0, 16 ns/pF) CL 

115 230 ns 88 ns + (0,55 ns/pF) CL 
50 100 ns 39 ns + (0,23 ns/pF) CL 
40 80 ns 32 ns + (0, 16 ns/pF) CL 

60 120 ns 10 ns + (1,0 ns/pF) CL 
30 60 ns 9 ns + (0,42 ns/pF) CL 
20 40 ns 6 ns + (0,28 ns/pF) CL 

60 120 ns 10 ns + (1,0 ns/pF) CL 
30 60 ns 9 ns + (0,42 ns/pF) CL 
20 40 ns 6 ns + (0,28 ns/pF) CL 

·---· 



8-bit priority encoder J 
---

HEF4532B 
MSI 

lo INPUT 50% 

11 INPUT 50% 

12 INPUT 50% 

13 INPUT 50% 

14 INPUT 50% 

15 INPUT 50% 

16 INPUT 50% 

17 INPUT 50% 

Ein INPUT 50% 

Eout OUTPUT 

--
GS OUTPUT 50% 

Oo OUTPUT 50% 

01 OUTPUT 

02 OUTPUT 

tPHL-
7Z75377.1 

Fig. 4 Waveforms showing propagation delays from inputs to outputs. 
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HEF45328 
MSI 

APPLICATION INFORMATION 

Some examples of applications for the HEF4532B are: 

• Priority encoder 

• Keyboard encoder 

enable 
input 

inputs 
8 to 15 

inputs 
0 to 7 

562 October 19801 

I 

I 
I 
I 
I 
I 

lo 

I 

lo 

ca 
N 
M 
LO .,,. 
u.. 
w 
I 

ca 
N 
M 
LO .,,. 
u.. 
w 
I 

GS t---------------03' 

021------...... 

011------

001------. 

GS 

011--------' 

Oo t---------' 

2 

5 

6 
8 

9 
12 

13 

>---+-3- GS' 

>---+-1_0 01 ' 

HEF4071B 

Eout !----------------..,. E 'out 
7Z85106 

Fig. 5 16-level priority encoder. 



8-input priority encoder 

1/4 HEF4071B 

input 9 

input 8 

==f· 
GS 

17 

cc 02 
N 
(") 

inputs 
LC'l 01 "<)" 

LL 
0 to 7 w 

I 
Oo 

I 

lo Eout 

03' 

1/6 HEF4069UB 

02' 

O' 1 

O' 0 

1/4 HEF4071B 

HEF4532B 
MSI 

7Z85107 

Fig. 6 O-to-9 keyboard encoder. 

TRUTH TABLE (for Fig. 6) 

~··; ;+0il; 
-- --·- - --·· ---·-···--

ts 
-- -- -,; -r,-

3 

x x 
x x 

~ ~ ~ ~ ~1~ 
L L L L H i X 

x x 
x x 
x x 

L L L L L I H 

t t t t t i t I 
x x 

H ,X 

~ I ~ L L 

H -~ HIGH state (the more positive voltage) 
L 0= LOW state (the less positive voltage) 
X = state is immaterial 

x 
x 

x 
x 
x 
x 

x 
x 
H 
L 

-- - -i--·· outputs 
. --

0 GS 03 02 01 

+-·-
x L H L L 
x L H L L 

x H L H H 
x H L H H 
x H L H L 

I 

x H L H L 

x H L L H I 

x H L L H 
x H L L L 
H H L L L 

Ob 

H 
L 

H 
L 
H 
L 

H 
L 
H 
L 
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REAL TIME 5-DECADE COUNTER 

HEf 45348 
LSI 

The HEF4534B is a 5-decade ripple cmmter. The binary outputs of the decade counters are time
multiplexed by an internal scanner on four BCD outputs (Oo to 03). The selected decade is indicated 
by a logic HIGH on the appropriate digit select output (OSo: units, 1; OS1: tens, 10; OS2: hundreds, 
102 ; OS3: thousands, 103 ; OS4: ten thousands, 104 }. 

The binary outputs (Oo to 03) and the select outputs (OSo to OS4) are 3-state controlled via enable 
inputs EO and EOS respectively, allowing interface with other bus orientated devices. Cascading may 
be accomplished by using the carry out (TC). The counter is triggered by a LOW to HIGH transition 
on the decade clock (CPA) and is reset by a HIGH level on the master reset (MR). The scanner is 
triggered by a LOW to HIGH transition on the scanner clock (CPS} and is reset (select ten thousand 
counter} by a HIGH level on the scanner reset (MRscl· 

The counter can operate in four modes depending on the state of the mode select inputs (SA, S9). The 
error detector will detect an error when a positive edge on CPA is not accompanied by a negative edge 
on the error detector clock CPE or vice versa, within time limits adjusted by external capacitors 
connected to Cext 1 and Cext 2· Three or more detected errors result in a HIGH level on the error 
output (OER). The error detector is reset by a HIGH level on MR. 

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

14 13 

Voo CPE Cext2 EO o, 

HEF4534B 

Cext1 MR OER CPA SA Ss OSo 

2 3 4 5 6 

7 Z74602 .1 

Fig. 1 Pinning diagram. 

HEF4534BP: 24-lead OIL; plastic (SOT-101A}. 
HEF4534BD: 24-lead DIL;ceramic(cerdip} (SOT-94). 
HEF4534BT: 24-lead mini-pack; plastic (S0-24; SOT-137A). 

PINNING 

01to03 BCD outputs CPE 
OSo to OS3 digit select outputs SA,SB 
OER error output MR 
CPA decade clock input MRsc 
CPS scanner clock input TC 

FAMILY DATA 
J see Family Specifications 

loo LIMITS category LSI 

~ Products approved to CECC 90 104080. 

error detector clock input 
mode select inputs 
master reset input 
scanner reset input 
carry out 

565 



HEF4534B 
LSI 

CPE 

CPA 

MR 

PULSE 
SHAPER 

l 
-1------!CD GP Oaf-

~CARRY CONTROL 

-1------lCDCPoOl-------t 

011-------t 
10 

021------< 

D 2 0 31-------t 

.._,r-------tCDCPOot------< 

011------< 
102 

'--=i_ 
J 

02 1-------t 

D 3 o3 ,___ __ __, 

SB J CARRY CONTROL ---+----1L 
~-----.-~ 

-------tCD GP Ool------1 

011------1 
103 

021------1 

D4 0 31------1 

~-----1CDCP001------1 

011------1 
104 

021------1 

D 5 031-------t 

l 

MUX 

l 

MUX 

l 

MUX 

l 

MUX 

l 

MUX 

1--

1--f-

t-t---t-

H 

tj-os1 

tj-os2 

NOS3 

rct-OS4 

I 
TC Fig. 2 Functional block diagram. 7274603.1 
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Real time 5-decade counter HEF4534B 
LSI 

MODE CONTROL FUNCTION TABLE 

select inputs 1st decade carry to 2nd stage carry to 4th stage mode 

SA SB 
output 

L L 
normal count at 9 to 0 transition at 9 to 0 transition J 5-decade 
and display of the 1st decade of the 3rd decade \ counter 

- -------· -- -

{ test purposes: 
L H inhibited input clock input clock clock directly into 

stages 1 , 2 and 4 

at 4 to 5 transition at 9 to 0 transition { 4-decade counter 
H H inhibited 

of the 1st decade of the 3rd decade with +10 and round-
off at front end 

display counts: 
at 7 to 8 transition at 9 to 0 transition f 4-decade counter; H L 3, 4, 5, 6, 7 = 5 
of the 1st decade of the 3rd decade \ %-pence capability 

8, 9, 0, 1, 2 = 0 
'------ -- -·----·-·J.......___ ________ ·-- ---·------·--------1---- ---···-····-··---·--------- ---

MR INPUT 

CPA INPUT 

CPE INPUT 

good error 1 error 2 good error 3 good error 4 

OER OUTPUT 
7Z74600.1 

Fig. 3 Error detection timing diagram. 

The skew time is the time difference between the LOW to HIGH transition of CPA and the HIGH to 
LOW transition of CPE or vice versa (see Fig. 4). The skew time is typically proportional to the 
external capacitor (Cextl connected from Cextl and Cext2 (pins 1 and 22) to Vss- The error detector 
will count an error when a positive edge on the counter clock CPA is not succeeded by a negative edge 
on the error detector clock CPE within a skew time ts Kl (adjustable by Cextl at pin 1 ). The same 
holds for a negative edge at CPE succeeded by a positive on CPA within a skew time tsK2 (adjustable 
by Cext2 at pin 22). If error detection is not needed, CPE must be either HIGH or LOW and no Cext 
is applied. For further information see Fig. 5. 

CPA 

1----- twcPA ---- no error 

_J counter r--1 : ---------· __ .. 
no error error counted 

r--c_o_u .. nter l ------..-.... --., error counted 
I I 
~--..___, _______ __. 

-- no error!_ tsK1 tsK2--I - I 
counter - twcPE -

7Z82677 
Fig. 4 Skew times timing diagram; twcPA > tsK 1; twcPE > tsK2· 

( __ o_c_t_ob_e_r_1_9_80 ____ 5_6_7 ___ .,_.__ .... 



HEF4534B 
LSI 

tsK 
(ns/pF) 

note 2 

note 1 

max 

l-i--+-+-+---+-+--+--+-+-+-~'f'~~l-i--+-+-+---+-+--+--+--+="1-~r-i=r--1----11--<--+---+typ 

note 3 ~ 
I i--t-

l--+--+-+--+-+--+--+--+--+--+--+-+-+-+-+---+---+~1f--f--l--+--=''1'---+--±,__,-+-+---+-+min 
I -+-1-;--+-....__J 

1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
0 5 10 Voo (Vl 15 

Fig. 5 Typical clock skew as a function of the supply voltage. This graph is accurate for Cext ~ 100 pF 
and T amb = 25 oc. 

Notes to Fig. 5 

1. Skew in this area results in counted error. 
2. Skew in the area between max. and min. curves may or may not result in counted error. 
3. Skew in this area results in no error counted. 

MR INPUT 

2 99994 .... 5 .... 6 .... 7 .... 8 .... 9 105 ..... 1 
CPA INPUT 

TC OUTPUT 
if SA= L 

TC OUTPUT 
ifSA=H; 

s8 = H 

TC OUTPUT 
ifSA=H; 

s8 = L 

I 
--,-~~~~~~~~~~----" 

Fig. 6 Carry timing diagram. 

568 Ootobec 1980 ~ 
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Real time 5-decade counter HEF45348 
LSI 

CPS INPUT 

MRsc INPUT 1 

OSo OUTPUT -------
I 

OS1 OUTPUT 

I 
OS2 OUTPUT 

I 
OS3 OUTPUT 

I 
OS4 OUTPUT 

7Z74601. 1 

Fig. 7 Scanner timing diagram. 

Note: If Ss = H, the 1st decade is inhibited and the cycle will be shortened to four stages (see dotted 
lines). 

1 2 10 102 103 104 105 

CPA INPUT __rL_fl_ _ _fl_ _ _fl_ _ _fl_ _ _f1_ _ _ll_["l_ 

I I I I I I I I 
Oo 1 (01) _rt__=l__=l__=l__=l__=~ 

I I I I I 
o0 10 (02) ,-l__:l__:l__:( 

I I I -I -
Oo 102 (03) 1--i__:-i__:--, 

I I ~I -
Oo 103 (04) ,-l__:I 

I ~I -
Oo 104 (05) ----,,__ __ _ 

7Z74599. 1 

Fig. 8 Counter timing diagram. 
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HEf 45348 
LSI 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times.,;;;; 20 ns 

Voo symbol min. typ. max. v 

Propagation delays 
CPA -on 5 300 600 ns 

01 selected 10 tPHL 130 260 ns 
HIGH to LOW 15 95 190 ns 

5 240 480 ns 
LOW to HIGH 10 tPLH 100 200 ns 

15 75 150 ns 

CPA -on 5 550 1100 ns 
05 selected 10 tPHL 230 460 ns 
HIGH to LOW 15 170 340 ns 

5 550 1100 ns 
LOW to HIGH 10 tPLH 230 460 ns 

15 170 340 ns 

CPA -Tc 5 420 840 ns 
LOW to HIGH 10 tPLH 190 380 ns 

15 140 280 ns 

MR -on 5 200 400 ns 
HIGH to LOW 10 tPHL 85 170 ns 

15 60 120 ns 

MR -OER 5 140 280 ns 
HIGH to LOW 10 tPHL 65 130 ns 

15 50 100 ns 

CPS -on 5 225 450 ns 
HIGH to LOW 10 tPHL 95 190 ns 

15 70 140 ns 

5 225 450 ns 
LOW to HIGH 10 tPLH 95 190 ns 

15 70 140 ns 

CPS - OSn 5 170 340 ns 
HIGH to LOW 10 tPHL 70 140 ns 

I 
15 50 100 ns 

CPA- OSn 5 170 340 ns 
LOW to HIGH 10 tPLH 70 140 ns 

15 50 100 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 

570 Ootob" 1980 I 

typical extrapolation 
formula 

283 ns + (0,55 ns/pF) CL 
119 ns + (0,23 ns/pF) CL 
87 ns+ (0,16 ns/pF) CL 

213 ns + (0,55 ns/pF) CL 
89 ns + (0,23 ns/pF) CL 
67 ns + (0, 16 ns/pF) CL 

523 ns + (0,55 ns/pF) CL 
219 ns + (0,23 ns/pF) CL 
162 ns+ (0,16 ns/pF) CL 

523 ns + (0,55 ns/pF) CL 
219 ns+ (0,23 ns/pF) CL 
162 ns+ (0,16 ns/pF) CL 

393 ns + (0,55 ns/pF) CL 
179 ns + (0,23 ns/pF) CL 
132 ns+ (0,16 ns/pF) CL 

173 ns + (0,55 ns/pF) CL 
74 ns + (0,23 ns/pF) CL 
52 ns + (0,16 ns/pF) CL 

113 ns + (0,55 ns/pF) CL 
54 ns + (0,23 ns/pF) CL 
42 ns + (0, 16 ns/pF) CL 

198 ns + (0,55 ns/pF) CL 
84 ns + (0,23 ns/pF) CL 
62 ns + (0, 16 ns/pF) CL 

198 ns + (0,55 ns/pF) CL 
84 ns + (0,23 ns/pF) CL 
62 ns + (0, 16 ns/pF) CL 

143 ns + (0,55 ns/pF) CL 
59 ns + (0,23 ns/pF) CL 
42 ns + (0, 16 ns/pF) CL 

143 ns + (0,55 ns/pF) CL 
59 ns + (0,23 ns/pF) CL 
42 ns + (0,16 ns/pF) CL 

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

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



Real time 5-decade counter 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times,;:;; 20 ns 

Voo symbol min. typ. max. v 

3-state propagation 

I 
delays 

Output disable times 

: ~--on; 5 30 60 ns 

EOS -- OSn 10 tpHz 25 50 ns 
HIGH 15 20 40 ns 

5 40 80 ns 
LOW 10 tpLz 25 50 ns 

15 20 40 ns 

Output enable times I 

~ -- On; 5 35 70 ns 

EOS -- OSn 10 tpzH 20 40 ns 
HIGH 15 15 30 ns 

5 50 100 ns 
LOW 10 tpzL 25 50 ns 

15 15 30 ns 

Minimum clock pulse 5 70 35 ns 
width; CPA, CPS 10 twcPH 40 20 ns 

HIGH 15 30 15 ns 

Minimum reset pulse 5 90 45 ns 
width; MR, MRsc 10 twMRH 60 30 ns 

HIGH 15 40 20 ns 

Recovery time 5 120 60 ns 
for MR 10 tRMR 60 30 ns 

15 50 25 ns 

Recovery time 5 60 30 ns 
for MRsc 10 tRMR 40 20 ns 

15 30 15 ns 

Maximum clock 5 2,5 5 MHz 
pulse frequency 10 fmax 6 12 MHz 
CPA and CPS 15 8 16 MHz 

~....l___----~--

Voo typical formula for P (µW) v 

Dynamic power 5 1100 fi + L:(f0 CLl x v00 2 

dissipation per 10 4800 fi + L:(f0 CLl x v00 2 

package (P)* 15 12 ooo fi + L:(f0 CL) x v00 2 

* Cext = 0. 

where 

HEF4534B 
LSI 

fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load cap. (pF) 
L:(f0 CL) =sum of outputs 
Voo =supply voltage (V) 

(October 1980 571 



HEF45348 
LSI 

APPLICATION INFORMATION 

HEF4534B 

clock - CPA 
..I"L.. HEF4534B 

TC CPA 

7Z82678 

Fig. 9 Two HE F4534B I Cs connected for cascade operation. TC is HIGH for a single clock period 
when all five BCD decades go to zero. TC also goes HIGH when MR is applied. 

clock CPA Do 

} 
01 BOC for 

HEF4534B selected 
02 decade 

CPS 03 

OS4 

7ZB2679 

Fig. 10 Forcing a decade to the On outputs. When the On outputs of a given decade are required, this 
configuration will lock-up the selected decade within four clock cycles. The select line feed back may 
be hardwired or switched. 
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HEF45388 
MSI 

DUAL PRECISION MONOSTABLE MUL TIVIBRATOR 

The HEF4538S is a dual retriggerable-resettable monostable multivibrator. Each multivibrator has an 
active LOW trigger/retrigger input (To), an active HIGH trigger/retrigger input (11 ), an overriding active 
LOW direct reset input (Co), an output (0) and its complement (0), and two pins (CTC; RCTcl for 
connecting the external timing components Ct and Rt. Typical pulse width variation over temperature 
range is ± 0,2%. 
The HEF4538S may be triggered by either the positive or the negative edges of the input pulse and 
will produce an accurate output pulse with a pulse width range of 10 µs to infinity. The duration and 
accuracy of the output pulse are determined by the external timing components Ct and Rt. The output 
pulse width (T) is equal to Rt x Ct· The linear design techniques in LOCMOS guarantee precise control 
of the output pulse width. 
A LOW level at CD terminates the output pulse immediately. The minimum reset pulse width depends 
on the value of the external timing capacitor Ct· 
Schmitt-trigger action in the trigger inputs makes the circuit highly tolerant to slower rise and fall times. 

4 

14 RCTCS 

15 

11 Tos 
12 

Os 10 

7282336. 1 

Fig. 1 Functional diagram. 

7282335.1 

Fig. 2 Pinning diagram. 

HEF4538SP: 16-lead DI L; plastic (SOT-38Z). 
HEF4538SD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4538ST: 16-lead mini-pack; plastic 

PINNING 

loA· los 

i1A, lrn 

coA, Cos 

QA Os 

OA,Os 

(S0-16; SOT-109A). 

input (HIGH to LOW triggered) 

input (LOW to HIGH triggered) 

direct reset input (active LOW) 

output 

complementary output (active LOW) 

CTc A· CTc S external capacitor connections* 

external capacitor/ 
resistor connections 

., Always connected to ground. -FAMILY DATA; loo LIMITS category MSI: see Family specifications. 

(May 1986 573 
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Dual precision monostable multivibrator HEF45388 
MSI 

FUNCTION TABLE 

inputs outputs 
f----· - T ---, - --- ' ------I 

To 11 co 0 0 

\_ L H Il lI 
H _/ H Jl li 

0 

D.C. CHARACTERISTICS 

v55 = o v 
,-----

Voo 
v 

Supply current 5 
active state 10 
(see note) 15 

Input leakage 
current 15 
(pins 2 and 14) 

Note 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X =state is immaterial 
_/ = positive-going transition 
\_ = negative-going transition 
n = positive output pulse 
U = negative output pulse 

Fig. 4 Connection of the external timing 
components Rt and Ct. 

7 Z8233 7 .1 

Tamb (OC) 

symbol -40 + 25 + 85 
typ. max. typ. max. typ. max. 

55 
lo 150 

220 

± l1N 300 1000 

µA 
µA 
µA 

nA 

Only one monostable is switching: current present during output pulse (output 0 is HIGH). 

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

(May 1983 575 



HEF4538B 
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A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times.;;; 20 ns 

Voo symbol min. typ. max. v 

Propagation delays 

To,11 - o 5 200 460 ns 
HIGH to LOW 10 tPHL 90 180 ns 

15 60 120 ns 

To.11- 0 5 220 440 ns 
LOW to HIGH 10 tPLH 85 190 ns 

15 60 120 ns 

Co - o 5 125 250 ns 
HIGH to LOW 10 tPHL 55 110 ns 

I 

15 40 80 ns 

co- 0 5 125 250 ns 
LOW to HIGH 10 tPLH 55 110 ns 

15 40 80 ns 

Recovery times 5 20 40 ns 

co - To, 11 10 tRCO 10 20 ns 
15 5 10 ns 

Retrigger times 5 0 ns 
0.0-10, 11 10 tRO 0 ns 

15 0 ns 

Minimum To 5 45 90 ns 
pulse width; LOW 10 tw10L 15 30 ns 

15 12 24 ns 

Minimum 11 5 25 50 ns 
pulse width; HIGH 10 tw11H 12 24 ns 

15 10 20 ns 

Output 0 or 0 5 218 230 242 µs 
pulse width 10 two 213 224 235 µs 

15 211 223 234 µs 

Output 0 or 0 5 10,3 10,8 11,3 ms 
pulse width 10 two 10,2 10,7 11,2 ms 

15 10, 1 10,6 11, 1 ms 

Output 0 or 0 5 1,01 1,09 1, 11 s 
pulse width 10 two 0,99 1,04 1,09 s 

15 0,99 1,04 1,09 s 

576 May 19831 

typical extrapolation 
formula 

173 ns + (0,55 ns/pF) CL 
79 ns + (0,23 ns/pF) CL 
52 ns + (0, 16 ns/pF) CL 

193 ns + (0,55 ns/pF) CL 
74 ns + (0,23 ns/pF) CL 
52 ns + (0, 16 ns/pF) CL 

98 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns + (0,16 ns/pF) CL 

98 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns + (0, 16 ns/pF) CL 

[ Rt= 100 kn 
\ Ct = 0,002 µF 

I Rt= 100 kn 
\ Ct= 0, 1 µF 

f Rt= 100 kn 
)Ct=10µF 



Dual precision monostable multivibrator 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times~ 20 ns 

HEF45388 
MSI 

~'"'' ~"~'P"' o~ T ~ ~v~' I min __ · _----:-;-:_,2_--_m_a·:_. ~-_-_-_%------+-I ____ __, 

I 
pulse width over I 10 TD.two I ± 0,2 % 
temperature (T ambl 15 ± 0,2 % 

1 

Change in output 0 

I 
pulse width over D.two 

!' 

Voo range 5 to 15 V 

Pulse width variation 5 
between circuits 10 D.two 
in same package 15 

External timing 
resistor 

External timing 
capacitor 

Input capacitance 
(pin 2 or 14) 

5 

2000 

± 1,5 

± 1 
± 1 
± 1 

15 

no limits 

% 

% 
% 
% 

kn 

pF 

pF 

fRt=100kn 
) Ct= 2 n F to 10 µF 

* The maximum permissible resistance Rt, which holds the specified accuracy of two, depends on the 
leakage current of the capacitor Ct and the leakage of the HEF4538B. 
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HEF4538B 
MSI 

11 INPUT 

(lo= HIGH) 

10 INPUT 

(1 1 =LOW) 

c0 1NPUT 

0 OUTPUT 

OOUTPUT 

7282339.2 

50% 

tRco-- -

50% 

- tWIOL --

50% 

--twcoL---

-----twoL-

Fig. 5 Waveforms showing minimum To, I 1, 0 and Co pulse widths, recovery times and propagation delays. 
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11 INPUT (1) 

(3) 

lo INPUT 

Co INPUT 

RCTC INPUT V ref 2 
V ref 1 

0 OUTPUT J l ,-L _ ___. 
I-- T --I 1-- T --1 (5) 

( 1) Positive edge triggering. 
(2) Positive edge re-triggering (pulse lengthening). 
(3) Negative edge triggering. 
(4) Reset (pulse shortening). 
(5) T = Rt x Ct. 

Fig. 6 Timing diagram. 
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HEF4538B 
MSI 

6 two 
(%) i---+--+--t D J----+---+---+---+ 

5V 

t--t-,... 
-1r--t---~-+-----+--t----+--t-----j 

- 2 ~--4~0-~---o"-~-4~0- -- - ao 
Tamb 1oc1 

(a) 

3 

"'two 
(%) 

2 

0 

-1 

-2 

7290173 

Voo :' 

.... 5V 

10 v 

15 v 

~ 

~· -40 0 40 80 

(b) 

Fig. 7 Typical normalized change in output pulse width as a function of ambient temperature; 
0% at Voo = 10 V and Tamb = 25 °c. 
(a) Rt= 100 kn; Ct= 100 nF. (b) Rt= 100 kn; Ct= 2 nF. 

7290171 3 ---,----.--.-~--~-~-'-'T'-=-~~ 

"'two 
(%) 

2r--t---+---+-+-- --+--+-----+-f_ 
0 r--t----+---+ 

i-1 - -1 
-1 =+-1-- -
-2 =t-_ru---+-~ -~' 

0 4 8 12 16 
Voo IV) 

Fig. 8 Typical normalized change in output pulse 
width as a function of the supply voltage at 
Tamb = 25 °C; 0% at Voo = 10V; Rt= 100kn. 

Fig. 10 Total supply current as a 
function of the output duty factor; 
Rt= 100 kn; Ct= 100 nF; CL= 50 pF. 
One monostable multivibrator 
switching only. 

M•V 19831 

6 

c, 
I nF I 

4 

4 
twco (µsl 

Fig. 9 Typical minimum reset pulse width 
as a function of Ct; Rt = 2 kn. 
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DUAL 4-INPUT MULTIPLEXER 

HEF45398 
MSI 

The HEF4539B is a dual 4-input multiplexer with common select logic. Each multiplexer has four 
multiplexer inputs (lo to 13), an active LOW enable input (E) and a multiplexer output (0). 
When HIGH, E forces 0 of the respective multiplexer LOW, independent of the select inputs (So and 
S1) and lo to 13. When Eis LOW, So and S1 determine which multiplexer input Oo to 13) on each of 
the multiplexers is routed to the respective multiplexer output (0). 

6 5 4 3 14 2 .10 11 12 13 

MULTIPLEXER MULTIPLEXER 

Fig. 1 Functional diagram. 

HEF4539B 

EA s, l3A I2A I1A IaA OA Vss 

7269517 

Fig. 2 Pinning diagram. 

PINNING 

IQA• llA• 12A• l3A 

100. 119, 120. 130 

So. S1 

multiplexer inputs 

multiplexer inputs 

select inputs 

HEF4539BP: 16-lead DIL;plastic (SOT-38Z). 
HEF4539BD: 16-lead OIL; ceramic (cerdip) (SOT-74). 
HEF4539BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

EA.EB 

DA.OB 

enable inputs (active LOW) 

multiplexer outputs 

FAMILY DATA 

loo LIMITS category MSI 
) see Family Specifications 

$ Products approved to CECC 90 104-081. 581 
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MSI 

FUNCTlON TABLE 

inputs 

r So S1 En 

x x H 
L L L 
H L L 
L H L 
H H L 

output 

On 

L 

'o 
I 1 
'2 
13 

582 Ootob" •• 80 I 

Fig. 3 Logic diagram. 

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

l3s v 



A.G. CHARACTERISTICS 

HEF4539B 
MSI 

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

k:'g~og~'Y' 1~Vj'Y~~:11 mlo 1;:~ -~-:0-x._·---,-,----t-~-~-'~-«-' :-f~-,~-~-~5-~a-:-,~-'~-~-)-C__,L 
HIGHtoLOW ~~5 trHL ii 1 ~2~0 2~4g5 ~ns: ;~~::ig:~~~:;~~~g~I 

93 ns + (0,55 ns/pF) CL 
LOWtoHIGH 10 tPLH 50 100 ns 39ns+(0,23ns/pF)CL 

15 I 35 65 ns 27ns+(0,16ns/pF)CL 

Sn - On 
HIGH to LOW 

LOW to HIGH 

En - On 
HIGH to LOW 

LOW to HIGH 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

5 165 330 ns 138ns+(0,55ns/pF)CL 
10 1 trHL 65 125 ns 54ns+(0,23ns/pF)CL 
15 40 80 ns 32ns+(0,16ns/pF)CL 

5 155 310 ns 

10 tPLH 60 120 ns 
15 40 80 ns 

5 100 200 ns 
10 tpH L 40 80 ns 
15 30 55 ns 

5 100 200 ns 
10 tPLH 40 80 ns 
15 30 55 ns 

5 60 120 ns 
10 tTHL 30 60 ns 
15 20 40 ns 

5 60 

-~~ __ LTL~l _____ ;g 
120 ns 
60 ns 
40 ns 

128 ns + (0,55 ns/pF) CL 
49 ns + (0,23 ns/pF) CL 
32 ns+ (0,16 ns/pF) CL 

73 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22 ns + (0, 16 ns/pF) CL 

73 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22 ns+ (0,16 ns/pF) CL 

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

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

VDD where typical formula for P (µW) 
V fj =input freq. (MHz) 

-----t-----+---------------- f0 =output freq. (MHz) 
Dynamic power 5 700 fi + L(f0 CL) x VDD 2 CL= load capacitance (pF) 

dissipation per 10 2900 fi + L(f0 CL) x VDD 2 L(f0 CL) =sum of outputs 
package (P) 15 8100 fi + L(f0 CL) x VDD 2 v00 =supply voltage (V) 

~---------~--~------·----------~----------' 

APPLICATION INFORMATION 

Some examples of applications for the HEF4539B are: 

• Data selectors. 

• Data multiplexers. 
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PROGRAMMABLE TIMER 

HEF45418 
MSI 

The HEF4541 B is a programmable timer which consists of a 16-stage binary counter, an integrated 
oscillator to be used with external timing components, an automatic power-on reset and output control 
logic. The frequency of the oscillator is determined by the external components Rt and Ct within the 
frequency range 1 Hz to 100 kHz. This oscillator may be replaced by an external clock signal at input 
RS, the timer advances on the positive-going transition of RS. A LOW on the auto reset input (AR) 
and a LOW on the master reset input (MR) enables the internal power-on reset. A HIGH level at input 
MR resets the counter independent on all other inputs. Resetting disables the oscillator to provide no 
active power dissipation. 
A HIGH at input AR turns off the power-on reset to provide a low quiescent power dissipation of the 
timer. The 16-stage counter divides the oscillator frequency by 28 , 2 10, 2 13 or 2 16 depending on the 
state of the address inputs (Ao, A1 ). The divided oscillator frequency is available at output 0. The phase 
input (PH) features a complementary output signal. If the mode select input (MODE) is LOW or HIGH 
the timer can be used respectively as a single transition timer or 2n frequency divider. 

3 2 

5 AR 
POWER-ON 

6 MR RESET 

9 PH 

A1 Ao n.c. MODE 

HEF4541B 

RS n.c. AR 

Fig. 2 Pinning diagram. 

FAMILY DATA 

PH 

MR Vss 

7283067.1 

12 13 10 

GP 
control inputs 

OUTPUT 0 8 
BINARY 

STAGE 
Co COUNTER 

7Z83068.2 

Fig. 1 Functional diagram. 

HEF4541BP: 14-lead DIL; plastic (SOT-27K, M, T). 
HEF4541BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HEF4541BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

see Family Specifications 
loo LIMITS category MSI 

S Products approved to CECC 90 104-082. 585 



HEF45418 
MSI 

"><1~-----ICP 28 COUNTER 28 

RESET 

CP 28 COUNTER 

RESET 2 2 2 5 2 8 

MUX 
Ao--t>·~--------+-----1 

A1 -t>·l>------------.__ _____ _, 

AR-t> POWER-ON 
RESET 

MR -[>rr------+----' 

PINNING 

Ao,A1 
MODE AR 
MR 
PH 
RTc 
CTC 
RS 

address inputs 
mode select input 
auto reset input 
master reset input 
phase input 
external resistor connection (Rtl 
external capacitor connection (Ctl 
external resistor connection (Rs) or external clock input 

___ 5_8_6 ____ 0_ct_o_b-er_1_9_8._0~ 

Fig. 3 Logic diagram. 

0 

7Z83070,2 



Programmable timer J 
---

HEF45418 
MSI 

FREQUENCY SELECTION TABLE 

number of 
f 

Ao A1 counter stages ~=2n 
n fout 

L L 13 8192 
L H 10 1 024 
H L 8 256 
H H 16 65 536 

FUNCTION TABl,.E 

inputs 

AR MR PH MODE 
mode 

H L x x auto reset disabled 
L L x x auto reset enabled 
x H x x master reset active 
x L x H normal operation selected 

division to output 
x L x L single-cycle mode* 
x L L x output initially LOW, 

after reset 
x L H x output initially HIGH, 

after reset 

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

*The timer is initialized on a reset pulse and the output changes state after 2n- 1 counts and remains in 
that state (latched). Reset of this latch is obtained by master reset or by a LOW to HIGH transition 
on the MODE input. 
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HEF4541B 
MSI 

RC oscillator 

reset 
from logic 

7 
--:s--1~-

c2 I Rs c, 

clock to 
counter 

7 Z83069.2 

Fig. 4 External component connection for RC oscillator; Rs ~ 2Rt· 

Timing component limitations 

Typical formula for oscillator 
frequency: 

f = 1 
osc 2,3 x Rt x Ct 

The oscillator frequency is mainly determined by RtCt, provided Rt<< Rs and RsC2 << RtCt· The 
function of Rs is to minimize the influence of the forward voltage across the input protection diodes 
on the frequency. The stray capacitance C2 should be kept as small as possible. In consideration of 
accuracy, Ct must be larger than the inherent stray capacitance. Rt must be larger than the LOCMOS 
'ON' resistance in series with it, which typically is 500 n at Voo = 5 V, 300 n at Voo = 10 V and 
200 n at Voo = 15 V. 
The recommended values for these components to maintain agreement with the typical oscillation 
formula are: 

Ct;;;;, 100 pF, up to any typical value, 
10 kn< Rt< 1 Mn. 



Programmable timer J 
---

7Z82715 

fosc ~ 
(Hz) ~ 

!'-.J 

10"-~'--"'---''-'--.......... -'-'-~-'-_.__..._._._ .......... ~__..~ ......... _..... .............. 
103 105 Rt (n) 106 

10-4 10- 2 Ct(µF) 10- 1 

HEF45418 
MSI 

Fig. 5 RC oscillator frequency as a function of Rt and Ct at Voo = 5 to 15 V; T amb = 25 °c. 

-- Ct curve at Rt= 56 kn; Rs= 120 kn. 
- - - Rt curve at Ct = 1 nF; Rs= 2Rt. 
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10 

Af 
(%) 

5 

0 

-5 

-10 

I-

1-1-

.... 1-

..-!-"' 
....t-"'1 

1-1-1 P-1""' 
lo- 1-1-

1-1-

~ 1"1"" :_+-
1-1-1-

v 
IA'" 

~ 

7Z82714 

..ll 
J_ 

Voo= t-t-1 
t-t-1 

~ 
15 v t-t-1 

~ 
v 

~ 

10V t-t-1 

I' 
I/ 

.!"'" i--15V i--t""-v l__,,, 
~1- w. C::l.- 10V t-t-1 l"""I 

..l 

..._i.-i,,.,, 5V i--t""-

IL 5V H-
v 

v 
""" 

-75 -50 -25 0 25 50 75 100 125 

Tamb (oC) 

Fig. 6 Frequency deviation (At) as a function of ambient temperature; referenced at: fosc at 
Tamb = 25 °c and Voo = 10 V. 

150 

-- Rt= 56 kil; Ct= 1 nF; Rs= 0. 
- - - Rt= 56 kil; Ct= 1 nF; Rs= 120 k51. 
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~~~~-P-r-o-gr_a_m_m_a_b_le~ti_m_e_r~~~~~~~~~~~~~~~~~~--~ HEF4541B 
MSI 

D.C. CHARACTERISTICS 

Vss = o v i--- 0 V~o 
I 
Supply current 5 

power-on reset 10 
enabled (note) 15 

Supply voltage for 
automatic reset 
initialization 
(note) 

Output current 5 
HIGH; CTC· RTc 10 

15 

5 

Output current 5 
LOW; CTC· RTC 10 

15 

Note 

,------------

Vol VoH 
-40 v v symbol 

min. 

-

lo -
-

Voo -

4,6 0,5 
9,5 -loH 1,4 

13,5 4,8 

2,5 -loH 1,4 

0,4 0,33 
0,5 loL 1,00 
1,5 3,20 

Tamb (OC) 

+ 25 + 85 

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

80 - 20 80 - 230 µA 
750 - 250 600 - 700 µA 

1600 - 500 1300 - 1500 µA 

- 8,5 5 - - - v 

- 0,4 - - 0,3 - mA 
- 1,2 - - 0,95 - mA 
- 4,0 - - 3,2 - mA 

- 1,2 - - 0,95 - mA 

- 0,27 - - 0,20 - mA 
- 0,85 - - 0,68 - mA 
- 2,70 - - 2,30 - mA 

All inputs at 0 V or Voo, except input AR= input MR= 0 V (power-on reset active). 

A.G. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; input transition times< 20 ns 

Voo 

Dynamic power dissipation 
per package 
(P) 

Total power dissipation 
when using the 
on-chip oscillator (P) 

*where: 

fi = input frequency (MHz) 
f0 =output frequency (MHz) 
CL = load capacitance (pF) 
Voo= supply voltage (V) 
Ct =timing capacitance (pF) 
fosc =oscillator frequency (MHz) 

v 

5 
10 
15 

5 
10 
15 

typical formula for P (µW) * 

1 300 fi + f0 CL v00 2 

5 300 fi + f 0 CL v00 
2 

12 ooo fi + f 0 CL v00 2 I 

1 300 10~' foCL v oo' '2C,Voo' '°''' 10 v;~ 
5 300 fosc + f0 CL Voo' + 2CtVoo' fosc + 100 Voo 

12 000 fosc + f0 CL Voo' + 2CtVoo' fosc + 400 Voo 

( Octob" 1980 591 



HEF4541B 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 oc; CL= 50 pF; input transition times< 20 ns 
----------, ----- ,-

Propagation dela 
Rs-o 

ys 

w 
28 selected 

HIGH to LO 
LOW to HI GH 

Rs-o 
2 10 selected 

HIGH to L 
LOW to HI 

ow 
GH 

ow 

Rs-o 
2 13 selected 

HIGH to L 
LOW to H IGH 

RS ---- 0 
216 selected 

ow HIGH to L 
LOW to H IGH 

Minimum clock 
pulse width; LOW 

Minimum reset 
pulse width; HIGH 

Maximum clock 
pulse frequer icy 

Oscillator freqt Jency 

Osei I lat or freqt iency 

I 

! 
I 

I 

Voo symbol v 

5 
10 trHL; 

15 trLH 

5 
10 tpHL; 

15 tpLH 

5 
10 tPHL; 

15 tPLH 

5 
10 tp1--1L; 

15 tpu-1 

5 
10 twRSL 
15 

5 
10 twMRH 
15 

5 
10 fmax 
15 

5 
10 fosc 
15 

5 
10 fosc 
15 --- _J__ ________________ 

min. typ. max. 

375 750 ns 
150 300 ns 
110 220 ns 

425 850 ns 
165 330 ns 
120 240 ns 

510 1020 ns 
190 380 ns 
135 270 ns 

575 1150 ns 
210 420 ns 
150 300 ns 

60 30 ns 
30 15 ns 
24 12 ns 

60 30 ns 
30 15 ns 
24 12 ns 

8 16 MHz 
15 30 MHz 
18 36 MHz 

90 kHz 
90 kHz 
90 kHz 

8 kHz 
8 kHz 
8 kHz 

typical extrapolation 
formula 

348 ns + (0,55 ns/pF) CL 
139 ns + (0,23 ns/pF) CL 
102 ns + (0, 16 ns/pF) CL 

398 ns + (0,55 ns/pF) CL 
154 ns + (0,23 ns/pF) CL 
112 ns+ (0,16 ns/pF) CL 

483 ns + (0,55 ns/pF) CL 
179 ns + (0,23 ns/pF) CL 
127 ns + (0, 16 ns/pF) CL 

548 ns + (0,55 ns/pF) CL 
199 ns + (0,23 ns/pF) CL 
142 ns + (0, 16 ns/pF) CL 

\ Rt = 5 k.11 
- Ct = 1 nF 
J Rs= 10 kn 

\ Rt= 56 k.11 
rCt= lnF 

Rs= 120 k.11 



HEF45438 
MSI 

BCD TO 7-SEGMENT LATCH/DECODER/DRIVER 

The HEF4543B is a BCD to 7-segment latch/decoder/driver for liquid crystal and LED displays. It has 
four address inputs (DA to Do), an active HIGH latch disabie input (Lui, an active i-ii,:OH blanking 
input (Bl), an active HIGH phase input (PH) and seven buffered segment outputs (Oa to 0 9). 

The circuit provides the function of a 4-bit storage latch and an 8-4-2-1 BCD to 7-segment decoder/ 
driver. It can invert the logic levels of the output combination. The phase (PH), blanking (Bl) and latch 
disable (LO) inputs are used to reverse the function table phase, blank the display and store a BCD 
code, respectively. 

For liquid crystal displays a square-wave is applied to PH and the electrical common back-plane of the 
display. The outputs of the device are directly connected to the segments of the liquid crystal. 

1 LD 

7 Bl 

6 PH 

PINNING 

DA to Do 

PH 

Bl 

LD 

Oa to Og 

5 3 2 4 

DA DB De Do 

LATCHES 

DECODER 

DRIVERS 

Og Ot Oe od QC ob oa 

14 15 13 12 11 10 9 

7Z72880.2 
Fig. 1 Functional diagram. 

address (data) inputs 

phase input (active HIGH) 

blanking input (active HIGH) 

latch disable input (active HIGH) 

segment outputs 

HEF4543B 

IZ72881.1 

Fig. 2 Pinning diagram. 

HEF4543BP: 16-lead-DIL;plastic (SOT-38Z). 
HEF4543BD: 16-lead-DI L; ceramic (cerdip) (SOT-74). 
HEF4543BT: 16-lead mini-pack; plastic 

(SO 16; SOT-109A). 

a 

Fig. 3 Segment designation. 

FAMILY DATA 
J see Family Specifications 

loo LIMITS category MSI 

G Products approved to CECC 90 104-083. 593 
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BCD to 7-segment latch/decoder/driver 

FUNCTION TABLE 

inputs 
-----------

LD Bl PH* Do De DB 

x H L x x x 
H L L L L L 
H L L L L L 
H L L L L H 
H L L L L H 

H L L L H L 
H L L L H L 
H L L L H H 
H L L L H H 

H L L H L L 
H L L H L L 
H L L H L H 
H L L H L H 

H L L H H L 
H L L H H L 
H L L H H H 
H L L H H H 

L L L x x x 
I-- ----·------

as above H as above 
_"_"_" __ 

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

DA 

x 
L 
H 
L 
H 

L 
H 
L 
H 

L 
H 
L 
H 

L 
H 
L 
H 

x 

outputs 

HEF4543B 
MSI 

-··--··---------------- -----

Oa Ob Oc Od De Ot Og display - t 
---·-·---·----·----------·--- ·--
L L L L L L L blank 

H H H H H H L 0 
L H H L L L L 1 
H H L H H L H 2 
H H H H L L H 3 

L H H L L H H 4 
H L H H L H H 5 
H L H H H H H 6 
H H H L L L L 7 

H H H H H H H 8 
H H H H L H H 9 
L L L L L L L blank 
L L L L L L L blank 

L L L L L L L blank 
L L L L L L L biank 
L L L L L L L blank 
L L L L L L L blank 

* * 

inverse of above as above 

* For liquid crystal displays, apply a square-wave to PH. 
For common cathode LED displays, select PH= LOW. 
For common anode LED displays, select PH= HIGH. 

**Depends upon the BCD-code previously applied when LO= HIGH. 

II I ,~ ~ LI ,- ,-
I I I -' I ~ ,-, - - -

Fig. 5 Display. 

-, 0 0 
I I I -' -

7Z72882 
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A.C. CHARACTERISTICS 

Vss = 0 V; Tamb ~ 25 °C; CL= 50 pF; input transition times< 20 ns 

LOW to HIGH 

LD __ ..,. On 

HIGH to LOW 

LOW to HIGH 

Bl --- On 
HIGH to LOW 

LOW to HIGH 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

Minimum LD 
pulse width; HIGH 

Set-up ti me l D, - LD 

Hold time 
Dn __,.. LD 

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

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
·15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

Voo 
v 

in. typ. max. 

-·----·-· 

180 360 
75 150 
55 110 

180 360 

tpu-1 75 150 
55 110 

170 340 

1PHL 80 160 
60 120 

190 380 
80 160 
60 120 

145 290 
65 130 
45 90 

125 250 
55 110 
40 80 

60 120 
30 60 
20 40 

60 120 

tn_H 30 60 
20 40 

6 0 30 
1WLDH 3 0 15 

2 0 10 

4 0 20 

tsu 2 0 5 
1 5 0 

0 -15 

th old 1 5 0 
2 0 5 

_______ J_ 

typical formula for P (µW) 

!-----------·------·-·--+----+-------------~-- --·----

Dynamic power 
dissiriation per 

(P) 

596 Ootoboc 1980 I 
5 

10 
15 

2 200 fi + ~(f0CL) x v00 2 

10400 fi + ~(f0C1_) x Voo 2 

33 ooo fi + ~(f0C1_l x v002 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

I 

typical extrapolation 
formula 

153 ns + (0,55 ns/pF) Ct_ 
64 ns + (0,23 ns/pF) Ct_ 
47 ns + (0, 16 ns/pF) Ct_ 

153 ns + (0,55 ns/pF) Ct_ 
64 ns + (0,23 ns/pF) CL 
47 ns + (0, 16 ns/pF) CL 

143 ns + (0,55 ns/pF) C1_ 
69 ns + (0,23 ns/pF) C1_ 
52 ns + (0,16 ns/pF) C1_ 

163 ns + (0,55 ns/pF) C1_ 
69 ns + (0,23 ns/pF) CL 
52 ns + (0, 16 ns/pF) C1_ 

118 ns + (0,55 ns/pF) C1_ 
54 ns + (0,23 ns/pF) CL 
37 ns + (0, 16 ns/pF) C1_ 

98 ns + (0,55 ns/pF) C1_ 
54 ns + (0,23 ns/pF) CL 
32 ns + (0,16 ns/pF) CL 

10 ns + (1,0 ns/pF) CL 
9 ns + (0,42 ns/pF) CL 
6 ns + (0,28 ns/pF) C1_ 

10 ns + (1,0 ns/pF) C1_ 
9 ns + (0,42 ns/pF) C1_ 
6 ns + (0,28 ns/pF) CL 

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
~(f0C[_) =sum of outputs 
Voo =supply voltage (V) 

--



BCD to 7-segment latch/decoder/driver 

APPLICATION INFORMATION 

Some examples of applications for the HEF4543B are: 

• Driving LCD displays. 
• Driving LED displays. 
• Driving fluorescent displays 
• Driving incandescent displays. 
• Driving gas discharge displays. 

HEF4543B 

output 

PH 

Vss 

common cathode 

LED 

7Z83482 

Fig. 6 Connection to common cathode LED display readout. 

HEF4543B 

output 

PH 

common anode 
LED 

7Z83481 

Fig. 7 Connection to common anode LED display readout. 

HEF4543B 
MSI 

Note to Figs 6 and 7: bipolar transistors may be added for gain where VDD,,;;;; 10 V or lout ;;;;. 10 mA. 

HEF4543B 

output 

PH 

l 

one of seven 
ts y segmen 

] ----
common 

/ back-plane 

square w ave; 

Vss to VDD 1za34a4 

Fig. 8 Connection to liquid crystal (LCD) display readout. 
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HEF4543B 

PH 

appropriate 
voltage 

7283483 

Fig. 9 Connection to incandescent display readout. 

HEF4543B 

output 

PH 

appropriate 
voltage 

" 7Z83486 

Fig. 10 Connection to gas discharge display readout. 

HEF4543B 

output 

PH 

7283485 

to filament 
supply 

" v55 or appropriate 

voltage below v55 

Fig. 11 Connection to fluorescent display readout. 
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DUAL 1-0F-4 DECODER/DEMULTIPLEXER 

The HE F4555B is a dual 1-of-4 decoder/demultiplexer. Each has two address inputs (Ao and A 1), an 
active LOW enable input (E) and four mutually exclusive outputs which are active HIGH (Oo to 03). 
When used as a decoder, E when HIGH, forces Oo to 03 LOW. When u~d as a demultiplexer, the 
appropriate output is selected by the information on Ao and A1 with E as data input. All unselected 
outputs are LOW.· 

2 Ao A 

3 A1A 

1 EA 

14 Aos 

13 AlB 

15 Es 

PINNING 

E 

Ao and A1 

o0 to 03 

OoA 

01A 

DECODER 02A 

03A 

J 
0 os 

01B 

DECODER 02B 

03s 

y 
7Z69544.2 

Fig. 1 Functional diagram. 

enable inputs (active LOW) 

address inputs 

outputs (active HIGH) 

4 

5 

6 

7 

12 

11 

10 

9 

HEF4555B 

EA AoA A1A OoA 01A 02A 03A Vss 
4 

7Z69518 

Fig. 2 Pinning diagram. 

HEF4555BP: 16-lead DI L; plastic (SOT-38Z). 
HEF4555BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4555BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A}. 

FAMILY DATA l 
too LIMITS category MSI 

see Family Specifications 

= Products approved to CECC 90 104-084. 599 
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E 

O-Oo 

7 Z69728.1 

Fig. 3 Logic diagram (one decoder/multiplexer). 

TRUTH TABLE 

inputs 

E Ao A1 Oo 

L L L H 
L H L L 
L L H L 
L H H L 
H x x L 

600 October 1980) . 

outputs 

01 02 

L L 
H L 
L H 
L L 
L L 

03 

L 
L 
L 
H 
L 

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



Dual 1-of-4 decoder/demultiplexer 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °C; CL= 50 pF; input transition times~ 20 ns 

Voo symbol min. typ. max. v 

Propagation delays 

An - On 5 115 230 ns 
HIGH to LOW 10 tPHL 45 90 ns 

15 30 65 ns 

5 140 280 ns 
LOW to HIGH 10 tPLH 55 105 ns 

15 40 75 ns 
-
En - On 5 125 250 ns 

HIGH to LOW 10 tPHL 50 95 ns 
15 30 65 ns 

5 150 295 ns 
LOW to HIGH 10 tPLH 55 110 ns 

15 40 75 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 

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

VoD typical formula for P (µW) v 

Dynamic power 5 4500 fi + 2:(f0 CL) x Voo2 
dissipation per 10 18 800 fi + 2:(f0 CL) x Voo2 
package (P) 15 45 700 fi + L(f0 CL) x Voo2 

APPLICATION INFORMATION 

Some examples of applications for the HEF4555B are: 

• Code conversion. 

• Address decoding. 

• Demultiplexing: when using the enable input as data input. 

HEF4555B 
MSI 

typical extrapolation 
formula 

88 ns + (0,55 ns/pF) CL 
34 ns + (0,23 ns/pF) CL 
22 ns + (0,16 ns/pF) CL 

113 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns + (0, 16 ns/pF) CL 

98 ns + (0,55 ns/pF) CL 
39 ns + (0,23 ns/pF) CL 
22 ns + (0,16 ns/pF) CL 

123 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns + (0, 16 ns/pF) CL 

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

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

where 
fi = input freq. (MHz) 
f 0 =output freq. (MHz) 
CL= load capacitance {pF) 
2:(f0 CL) =sum of outputs 
Voo =supply voltage (V) 
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MSI 

DUAL 1-0F-4 DECODER/DEMULTIPLEXER 

The HE F4556B is a dual 1-of-4 decoder/demultiplexer. Each has two address inputs (Ao and A 1). an 
active LOW enable input (E) and four mutually exclusive outputs which are active LOW (Oo to 03). 
When used as a decoder, E when HIGH, forces Oo to 03 HIGH. When used as a demultiplexer, the 
appropriate output is selected by the information on Ao and A1 with E as data input. All unselected 
outputs are HIGH. 

2 Ao A 

3 A1A 

1 EA 

14 Aos 

13 A1B 

15 Es 

PINNING 

E 
Ao and A 1 

Oo to 63 

i.,..OOA 
I'-'"_ 
i.,._01A 

DECODER ""-i.,._02A 
1"'-
i.,._03A 
I"' 

y 
i.,._OOB 
I"' -
in..018 

DECODER 
I'-'"_ 
i.,._02B 
iv_ 
i.,._03B 
I"' 

y 
7Z851a5 

Fig. 1 Functional diagram. 

enable inputs (active LOW) 

address inputs 

outputs (active LOW) 

4 

5 

6 

7 

12 

11 

10 

9 

Es Aas Ais Oas Orn 02s 03s 

HEF4556B 

EA AoA AiA OaA 5,A 02A 03A Vss 
4 

7Z69519 

Fig. 2 Pinning diagram. 

HEF4556BP: 16-lead DIL; plastic (SOT-38Z). 
HE F4556BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HEF4556BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

FAMILY DATA 
)' see Family Specifications 

loo LIMITS category MSI 

: Products approved to CECC 90 104-085. I (May 1983 603 
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Ao 

TRUTH TABLE 

inputs 

E Ao Ai 

L L L 
L H L. 
L L H 
L H H 
H x x 

o-{:>0-03 
7Z69729.2 

Fig. 3 Logic diagram (one decoder/multiplexer). 

outputs 

Do a, 02 

L H H 
H L H 
H H L 
H H H 
H H H 

03 

H 
H 
H 
L 
H 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X =state is immaterial 
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Dual 1-of-4 decoder/demultiplexer 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times.;;;; 20 ns 

VDD symbol min. typ. max. v 
r-- t--- ---

Propagation delays 

An - On 5 130 255 ns 
HIGH to LOW 10 tPHL 50 100 ns 

15 35 65 ns 

5 105 210 ns 
LOW to HIGH 10 tPLH 40 85 ns 

15 30 60 ns 

En - On 5 120 240 ns 
HIGH to LOW 10 tPHL 45 90 ns 

15 30 60 ns 

5 105 205 ns 
LOW to HIGH 10 tPLH 40 80 ns 

15 30 60 ns 

Output transition 
times 5 60 120 ns 

HIGH to LOW 10 tniL 30 60 ns 
15 20 40 ns 

5 60 120 ns 
LOW to HIGH 10 tTLH 30 60 ns 

15 20 40 ns 

-· .. 

vDD typical formula for P (µW) 
v 

Dynamic power 5 4400 fi + ~(f0CL) x VDD 2 

dissipation per 10 18 ooo fi + ~(t0CL) x vDD 2 

package (P) 15 43300 ti+ ~(f0CLl x VoD 2 

-------

APPLICATION INFORMATION 

Some examples of applications for the HEF4556B are: 

• Code conversion. 

• Address decoding. 

• Demultiplexing: when using the enable input as data input. 

HEF45568 
MSI 

typical extrapolation 
formula 

103 ns + (0,55 ns/pF) CL 
39 ns + (0,23 ns/pF) CL 
27 ns+ (0,16 ns/pF) CL 

78 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22 ns + (0, 16 ns/pF) CL 

93 ns + (0,55 ns/pF) CL 
34 ns + (0,23 ns/pF) CL 
22 ns+ (0,16 ns/pF) CL 

78 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22 ns + (0,16 ns/pF) CL 

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

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

where 
fi = input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
~(f0CL) =sum of outputs 
VDD =supply voltage (V) 
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HEF4557B 
LSI 

1-to-64 BIT VARIABLE LENGTH SHIFT REGISTER 

The HEF4557B is a static clocked serial shift register whose length may be programmed to be any 
number of bits between 1 and 64. The number of bits selected is equal to the sum of the subscripts of 
the enabled length control inputs (L1, L2, L4, La, L15 and L32) plus one. Serial data may be selected 
from the DA or Ds data inputs with the A/B select input. This feature is useful for recirculation pur
poses. Information on DA or Ds 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 CPo while CP1 is LOW or on the 
HIGH to LOW transition of CP1 while CPo is HIGH. A HIGH on master reset (MR) resets the register 
and forces 0 to LOW and 0 to HIGH, independent of the other inputs. 

9 3 12 13 14 15 2 

A/B 

7 DA 

D 

6 Ds 
CP 

5 CP1 

4 CPo 

Fig. 1 Functional diagram. 

PINNING 

DA,DB 

A/B 

CPo 

CP1 

MR 

Ll to L32 

0,0 

data inputs 

select data input 

clock input 

clock enable input 

asynchronous master reset 

bit-length control inputs 

buffered outputs 

MR 

Co 

SHIFT REGISTER 

64-BITS 

Fig. 2 Pinning diagram. 

0 10 

0 11 

7272875.2 

11 10 9 

5 O A/B 

6 7 8 
7Z7287.6.1 

HE F4557BP : 16-lead DI L; plastic (SOT-38Z). 
HEF4557BD: 16-lead DIL;ceramic (cerdip) (SOT-74). 
HEF4557BT: 16-lead mini-pack; plastic 

(S0-16;SOT-109A). -

FAMILY DATA 

l see Family Specifications 
loo LIMITS category LSI 

e Products approved to CECC 90 104-086. ' (May 1986 607 



O> 
0 co 

0 
0 g 
~ 
co 
CXl 
0 

Ds--[> 

CP1 

MR 

FF 
57 

D 0 

CP Ff 

Co 

L4 

v 

FF 
32 

FF 
33 

FF 
48 

Fig. 3 Logic diagram. 

FF 
49 

FF 
56 

0 

I m 
"Tl 

r .f>.. 
~ 01 

01 
-....I 
ID 



1-to-64 bit variable length shift register 

* The moment Dn appears at 0 depends on the 
bit-length shown in the table below. 

BIT-LENGTH SELECT FUNCTION TABLE 

L32 L15 Lg L4 L2 Ll register length 

L L L L L L 1-bit 
L L L L L H 2-bits 
L L L L H L 3-bits 
I_ L L L H H 4-bits 
L L L H L L 5-bits 
L L L H L H 6-bits 
L L L H H L 7-bits 
L L L H H H 8-bits 

+ + + + 

I 
+ + + 

L H H H H H 32-bits 
H L L L L L 33-bits 
H L L L L H 34-bits 

+ + + + + + + 
H H H H L L 61-bits 
H H H H L H 62-bits 
H H H H H L 63-bits 
H H H H H H 64-bits 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; input transition times~ 20 ns 

.-----
Voo typical formula for P (µW) v 

Dynamic power 5 3 500fi + ~(f0CLl x Voo' 
dissipation per 10 15000fi + ~(f0CLl x Voo' 
package (P) 15 37 ooo ti+ ~(f0CLl x Voo' 

where 

HEF4557B 
LSI 

fi = input freq. (MHz) 
f 0 =output freq. (MHz) 
CL= load capacitance (pF) 
~ (f0 CL) =sum of outputs 
Voo =supply voltage (V) 
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A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times< 20 ns 
r-------------i-----------1---------1------------------------

~~~~~I extrapolati~o:J 
Propagation delays 

CPo, CP1 - 0, 0 
HIGH to LOW 

LOW to HIGH 

MR-O 
HIGH to LOW 

MR-o 
LOW to HIGH 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

Voo 
v 

5 

symbol 

10 tpH L 
15 

5 
10 tPLH 
15 

5 
10 i tPHL 
15 

5 
10 tPLH 
15 

typ. 

240 
90 
65 

240 
90 
65 

170 
80 
60 

max. 

480 ns 
180 ns 
130 ns 

480 ns 
180 ns 
130 ns 

340 ns 
160 ns 
120 ns 

140 280 ns 
70 140 ns 
55 110 ns 

formula 

213 ns + (0,55 ns/pF) CL 
79 ns + (0,23 ns/pF) CL 
57 ns + (0, 16 ns/pF) CL 

213 ns + (0,55 ns/pF) CL 
79 ns + (0,23 ns/pF) CL 
57 ns + (0,16 ns/pF) CL 

143 ns + (0,55 ns/pF) CL 
69 ns + (0,23 ns/pF) CL 
52 ns + (0, 16 ns/pF) CL 

113 ns + (0,55 ns/pF) CL 
59 ns + (0,23 ns/pF) CL 
47 ns + (0,16 ns/pF) CL 

5 i 60 120 ns 10ns+(1,0ns/pF)CL 
10 tTHL I 30 60 ns 9ns+(0,42ns/pF)CL 

15 120 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns l 10ns+(1,0ns/pF)CL 
10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6ns+(0,28ns/pF)CL 

,L _____ - ----~ ------~ -- ------

Interpolation table (see note next page) 
,..---

length control inputs 

L1 L2 L4 Lg L15 L32 
f-----+ 

L L L L L L 

H L L L L L 

x H 

I 

L 

I 

L L L 

x x H L L L 

x x 

~J~ 
L L 

x x H L 

x x x x x H 
~-

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
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minimum set-up, hold, 
number of recovery 
bits selected times 

1 specified 

2 I 
I 

I 3 I 
5 six equal steps 

9 I 

17 
I 
I 

33 specified 



1-to-64 bit variable length shift register 

A.C. CHARACTERISTICS 

HEF45578 
LSI 

V55 = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times< 20 ns; see also waveforms Fig. 4 

vDD symbol min. typ. 
v 

---·- --+-----· 
Minimum clock 

pulse width; 5 twcPL 180 90 ns 
LOW for CPo or 10 or 60 30 ns 
HIGH for CP1 15 twcPH 40 20 ns 

Minimum reset 
pulse width; 5 150 75 ns 

HIGH 10 twMRH 70 35 ns 
15 50 25 ns 

Set-up times 
DA, Ds. A/B-CPo. 5 360 180 ns 
CP1 10 tsu 140 70 ns 
L1 to L32 = LOW 15 90 45 ns 

5 40 -20 ns 
L32 =HIGH 10 tsu 35 -10 ns 

15 30 -5 ns 

Hold times 

I DA. Ds. A/B-CPo. 5 -40 -110 ns 
CP1 10 th old -10 -45 ns 
L1 to L32 =LOW 15 0 -30 ns 

5 90 30 ns see note 
L32= HIGH 10 th old 60 20 ns 

15 50 15 ns 

Recovery times for MR 5 500 250 ns 
L1 to L32 =LOW 10 tRMR 250 125 ns 

15 150 75 ns 

5 110 50 ns 
L32 =HIGH 10 tRMR 70 30 ns 

15 60 25 ns 

Minimum clock 5 2,5 5 MHz 
pulse frequency 10 fmax 7 14 MHz 

15 10 20 MHz 
'-------

Note 

The set-up, hold and recovery times vary with the minimum number of bits selected. For other values 
as specified one may interpolate as shown in the table (see previous page). 
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CPO INPUT 

CP 1 INPUT 

A/B INPUT 

MR INPUT 

l __ _ 

CPo= H 

--- t SU -----

50% 

--- twMRH---- 7Z72874.1 

Fig. 4 Waveforms showing recovery time for MR and minimum CPo, CP1 and MR pulse widths, set-up 
and hold times for DA· Ds and A/B to CPo and CP1. Set-up and hold times are shown as positive 
values but may be specified as negative values. 
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MSI JL HEF45858 

-

4-BIT MAGNITUDE COMPARATOR 

The HEF4585B is a 4-bit magnitude comparator which compares two 4-bit words (A and B), whether 
they are 'less than', 'equal to', or 'greater than'. Each word has four parallel inputs (Ao to A3 and 
Bo to B3); A3 and B3 being the most significant inputs. Three outputs are provided; A greater than B 
(OA >Bl, A less t.han B (OA <Bl and A equal to B (OA =Bl· Three expander inputs (IA> B· IA< B 
and IA= Bl allow cascading of the devices without external gates. 

For proper compare operation the expander inputs to the least significant position must be connected 
as follows: IA= B =IA> B =HIGH, IA< B = LOW. For words greater than 4-bits, units can be 
cascaded by connecting outputs 0 A< Band 0 A~' B to the corresponding inputs of the next significant 
comparator (input IA> B is connected to a HIGH). 

Operation is not restricted to binary codes, the devices will \Nork with anv monotonic code. The 
function table describes the operation of the device under all possible logic conditions. 

10 Ao 

11 Bo 

7 Ai 

9 t--B_L__ OA>B --2 A2 

1 B2 OA ~ B 

15 A3 

14 B3 OA<B 

4 IA>B 

5 IA<B 

6 IA= B 

7Z72885.2 

Fig. 1 Functional diagram. 

13 

3 

12 

13 12 

HEF4585B 

7 z 72886 

Fig. 2 Pinning diagram. 

HEF4585BP: 161cad DIL;plastic (SOT-38Z). 
HEF4585BD: 16·1ead DIL;ccramic(cerdip) (SOT-74). 
HEF4585BT: 16-lead mini-pack; plastic 

PINNING 

Ao to A3 

(S0-16; SOT-109A). 

word A parallel inputs 

Bo to B3 word B parallel inputs 

IA> B· IA< B· IA= B expander inputs 

0 A> B A greater than B output 

A less than B output 

A equal to B output 

FAMILY DATA 
} see Family Specifications 

loo LIMITS category MSI 

f& Products approved to CECC 90 104-087. 613 
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Ao-t> 

• ,. Octo .. , , •• o I 

l __ _ 

7Z74596.1 

Fig. 3 Logic diagram . 



4-bit magnitude comparator J 
--------

FUNCTION TABLE 
r-----· 

comparing inputs 

A3, B3 A2,B2 A1, B1 Ao. Bo 

A3 >B3 x x x 
A3 < B3 x x x 
A3 = B3 A2 >B2 x x 
A3 = B3 A2< B2 x x 
A3 = B3 A2 = B2 A1 > B1 x 
A3 = B3 A2 = B2 A1 <B1 x 
A3 = B3 A2 = B2 A1 = B1 Ao>Bo 
A3= B3 A2= B2 A1 = B1 Ao< Bo 

A3 = B3 A2 = B2 A1 = B1 Ao= Bo 
A3= B3 A2 = B2 A1 = B1 Ao= Bo 
A3= B3 A2 = B2 A1 = B1 Ao= Bo 

A3= B3 A2 = B2 A1 = B1 Ao= Bo 
A3= B3 A2 = B2 A1 = B1 Ao= Bo 

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

cascading inputs 

IA>B IA<B IA= B OA>B 

H x x H 
x x x L 
H x x H 
x x x L 

H x x H 
x x x L 
H x x H 
x x x L 

x L H L 
H L L H 
x H L L 

x H H L 
L L L L 

HEF45858 
MSI 

outputs 

OA<B OA= B 

L L 
H L 
L L 
H L 

L L 
H L 
L L 
H L 

L H 
L L 
H L 

H H 
L L 

The upper 11 lines describe the normal operation under all conditions that will occur in a single device 
or in a serial expansion scheme. 

The lower 2 lines describe the operation under abnormal conditions on the cascading inputs. These 
conditions occur when the parallel expansion technique is used. 
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A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times,,;;:; 20 ns 

Voo symbol v min. typ. max. 

Propagation delays 

An, Bn - On 5 160 320 ns 
HIGH to LOW 10 tpHL 65 130 ns 

15 45 90 ns 

5 150 300 ns 
LOW to HIGH 10 tpLH 60 120 ns 

15 45 90 ns 

In -on 5 110 220 ns 
HIGH to LOW 10 tpHL 45 90 ns 

15 30 60 ns 

5 120 240 ns 
LOW to HIGH 10 tpLH 50 100 ns 

15 35 70 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 

Voo typical formula for P (µW) v 

Dynamic power 5 1250 fi + L(foCL) x Voo 2 

dissipation per 10 5500 fi + L(foCL) x Voo 2 

package (P) 15 15000 fi + L(foCL) x Voo 2 

APPLICATION INFORMATION 

Some examples of applications for the HEF4585B are: 

• Process controllers. 

• Servo-motor control. 

typical extrapolation 
formula 

133 ns + (0,55 ns/pF) CL 
54 ns + (0,23 ns/pF) CL 
37 ns + (0,16 ns/pF) CL 

123 ns + (0,55 ns/pF) CL 
49 ns + (0,23 ns/pF) CL 
37 ns + (0,16 ns/pF) CL 

83 ns + (0,55 ns/pF) CL 
34 ns + (0,23 ns/pF) CL 
22 ns + (0,16 ns/pF) CL 

93 ns + (0,55 ns/pF) CL 
39 ns + (0,23 ns/pF) CL 
27 ns + (0, 16 ns/pF) CL 

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

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

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 
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HEF4720B 
HEF4720V 

LSI 

~ 
256-BIT, 1-BIT PER WORD RANDOM ACCESS MEMORIES~ 

The HEF4720B and HEF4720V are 256-bit, 1-bit per word random access memories with 3-state 
outputs. The memories are fully decoded and completely static. 

Recommended supply voltage range for HEF4720B is 3 to 15 V and for HEF4720V is 4,5 to 12,5 V; 
minimum stand-by voltage for both types is 3 V. 

The use of LOCMOS gives the added advantage of very low stand-by power. The circuits can be directl''f 
interfaced with standard bipolar devices (TTL) without using special interface circuits. The memory 
operates from a single power supply. The separate chip select input (CS) allo'!"S simple memory expan
sion when the outputs are wire-ORed. If CS is HIGH, the outputs are floating and no new information 
can be written into the memory. The signal at 0 has the same polarity as the data input D, while the 
signal at 5 is the complement of the signal at 0. The write control W must be HIGH for writing into 
the memory. 

-1 Ao 
1--"-

..1. ~ x x 
-1. A2 INPUT I-- DECODER ~ BUFFERS _§_ t--1-

.2. ~ 
_j_ ~ y 

1.Q. ~ INPUT 
BUFFERS .11 ~ 

15 w 

12 D 
~ 

CS W 0 0 D A1 As 
HEF4720B 
HEF4720V 

Fig. 2 Pinning diagram. 

7Z74260.2 

Js 
Voo 

16 x 16 I-- MATRIX 

I 1 
y 

DECODER _,, 
~ 13 

READ/ t-
WRITE 

CIRCUIT 
OUTPUT 

J BUFFER 

~ ~ INPUT 
t--

CHIP 
I-+-BUFFER SELECT 

1c:s Vss 

j16 [a 
7Z648B9.3 

Fig. 1 Functional diagram. 

HEF4720BP; HEF4720VP: 16-lead OIL; plastic 
(SOT-38Z). 

HEF4720BD; HEF4720VD: 16-lead OIL; ceramic 
(cerdip) (SOT-74). 

HEF4720BT; HEF4720VT: 16-lead mini-pack; plastic 
(S0-16L; SOT-162A). 

FAMILY DATA: see Family Specifications. 

loo LIMITS: see next page. 

8 Products approved to CECC 90 104-088 .. 619 
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FUNCTION TABLE 

cs w 

L H 

L L 

H x 
,____ 

0 
----' 

data written 
into memory 

data written 
into memory 

z 

5 
---

co mplement of data 
tten into memory wri 

co mplement of data 
tten into memory wri 

z 

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

X =state is immaterial 

PINNING 

cs 
w 
0 

0 
6 

to A1 

chip select input (active LOW) 
write enable input 
data input 
address inputs 
3-state output (active HIGH) 
3-state output (active LOW) 

SUPPLY VOLTAGE 

recommended 
operating 

3,0 to 15,0 
4,5 to 12,5 

Z =high impedance OFF-state 

stand-by 
min. 

3 v 
3 v 

mode 

write 

read 

inhibit 

The values given at Voo = 15 V in the following d.c. and a.c. characteristics, are not applicable to the 
HEF4720V, because of its lower supply voltage range. 

D.C. CHARACTERISTICS 

Vss = o v 

Output current 
LOW 

Quiescent device 
current 

Input leakage current 
HEF4720V 
HEF4720B 

.2. Octob .. , ... I 

Voo 
v 

4,75 
10 
15 

5 
10 
15 

10 
15 

VoL 
v symbol -40 

min. max. 

0,4 2,4 
0,5 loL 4,8 
1,5 10,0 

25 

loo 50 
100 

0,3 
±l1N 0,3 

Tamb (OC) 

+25 +85 
min. max. min. max. 

2 1,6 mA 
4 3,2 mA 

10 7,5 mA 

25 200 µA 
50 400 µA 

100 800 µA 

0,3 1 µA 
0,3 1 µA 



256-bit, 1-bit per word random access memories 

A.C. CHARACTERISTICS 
--

Voo symbol min. typ. max. v 

5 5 
Output capac itance 10 Co 5 pF 

15 5 pF 

A.C. CHARACTERISTICS 

V55 = OV; Tamb = 25 °C; CL= 50 pF; input transition times<20 ns 
,----------------,------- ----------~-----

Voo symbol min. typ. max. v 
r--

Read cycle 

5 320 580 ns 
Read access time 10 tAcc 130 220 ns 

15 100 160 ns 

Chip select to 5 180 ns 
output time 10 tea 70 ns 

15 50 ns 

5 0 ns 
Address hold time 10 to A 0 ns 

15 0 ns 

Output hold time 5 60 170 ns 
with respect to 10 tvAL1 20 50 ns 
address input 15 15 40 ns 

Output hold time 5 130 ns 
with respect to 10 tcoH 70 ns 
chip select input 15 60 ns 

Output floating time 5 0 ns 
with respect to 10 tcoF 0 ns 
chip select input 15 0 ns 

5 580 ns 
Read cycle time 10 tRc 220 ns 

15 160 ns 

Output transition 5 60 120 ns 
times 10 

~LH l 30 60 ns 
LOW to HIGH 15 20 40 ns 

5 40 80 ns 
HIGH to LOW 10 tTHL 22 40 ns 

15 15 30 ns 
-----1----.-- - - ---------

L HEF47208 
HEF4720V 

LSI 

-~------···- .. ---------
typical extrapolation 

formula 
---·-··--··-----·---

292 ns + (0,55 ns/pF) CL 
118 ns + (0,23 ns/pF) CL 
92 ns+ (0,16 ns/pF) CL 

142 ns + (0,55 ns/pF) CL 
38 ns + (0,23 ns/pF) CL 
32 ns+ (0,16 ns/pF) CL 

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

14 ns + (0,52 ns/pF) CL 
11 ns + (0,22 ns/pF) CL 
7 ns + (0, 16 ns/pF) CL 

~----·-"··---- ·----------~---· 

( OotoOO• 1980 621 
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HEF4720V 
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A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times~ 20 ns 

Voo symbol min. typ. max. v 

Write cycle 

5 580 ns 
Write cycle time 10 twc 220 ns 

15 160 ns 

Address to write 5 110 ns 
set-up time 10 tAw 50 ns 

15 50 ns 

5 370 10000 ns 
Write pulse width 10 twp 130 10000 ns 

15 80 10000 ns 

5 100 ns 
Write recovery time 10 twR 40 ns 

15 30 ns 

5 250 ns 
Data set-up time 10 tow 100 ns 

15 80 ns 

5 100 ns 
Data hold time 10 toH 30 ns 

15 20 ns 

Chip select set-up 5 370 ns 
time with respect 10 tcsw 130 ns 
to write pulse 15 80 ns 

Chip sefect hold 5 0 ns 
time with respect 10 tcsH 0 ns 
to write pulse 15 0 ns 

Chip select lead time 5 0 ns 
over write pulse to 10 tcsL 0 ns 
prevent writing 15 0 ns 

Read-modify-write 
cycle 

Read enable 5 0 ns 
hold time 10 tRH 0 ns 

15 0 ns 

Output hold time 5 60 ns 
with respect to 10 tvAL2 20 ns 
write pulse 15 15 ns 

Read-modify-write 5 1050 ns 
cycle time 10 tRWC 390 ns 

15 270 ns 



256-bit, 1-bit per word random access memories 

Ao to A7 
INPUTS 

CS INPUT 

W INPUT 

-tca--taA

tcoF 

HEF47208 
HEF4720V 

LSI 

0, 0 OUTPUTS output valid 

-tVAL1- 7Z64891.4 

Fig. 3 Read cycle timing diagram. 
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A0 to A7 

INPUTS 

CS INPUT 

W INPUT 

DINPUT 

---------- twc ----------

I I 
I, 
'' 

11 
I' 

11 
'I 

-tAw--twp--twR-

I' 

data stable 

-tow-----toH- ' ' 

information is written into eel I 11 information is not 
written into cell 

TZ64890.3 

Fig. 4 Write cycle timing diagram . 
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Fig. 5 Read-modify-write cycle timing diagram. 
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APPLICATION INFORMATION 

Extension of memory capacity 

The memory capacity of the HEF4720B; Vis 256 bits (or 256 words of 1 bit). The capacity of a 
system can be extended in various ways by the connection of further HEF4720B; V I Cs. 

Extending the word length 

By connecting a number of HEF4720B; V I Cs as shown in Fig. 6, the word length (i.e. bits per word) 
is multiplied by that number. That is, each device stores 1 bit per word but the total number of words 
remains 256. For example, if four devices are used in this way, 256 four-binary-bit words can be stored. 

Extending the number of words 

If a number of HE F4720B; V !Cs are connected as shown in Fig. 7, the words available are multiplied 
by that number, but the word length remains 1 bit. Notice that in this case additional addresses are 
used in conjunction with the CS input. In the case shown in Fig. 7 (4 x HEF4720B; Vin parallel), the 
addresses and data inputs are loaded with four inputs (= 20 pF), the CS inputs are loaded with one 
input each. 

Extending both the word length and number of words 

Figure 8 shows how a combination of the extensions described above can be used to obtain both 
greater word length and additional words. It is clear that the capacitive load of the driving circuits 
puts a limit to the free choice of the interface. In Fig. 8, each address is loaded with 16 inputs, i.e. 
16 x 5 = 80 pF: each CS inverter is loaded with 8 inputs, i.e. 8 x 5 = 40 pF. The data inverters in 
this case are loaded with only two inputs each. 

October 19801 



256-bit, 1-bit per word random access memory 

to all CS 
inputs 

Ao-{>o-
data -{> 
in~ut 

Al -{>o-
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A3--t>O-

A4--t>o-
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data -{> input 
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2 
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7 Z84408 L 
Fig. 6 Using extra HEF4720B; V 
I Cs to extend the word length. 
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Fig. 7 Using extra HEF47208; V I Cs to obtain more words. 
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256-bit, 1-bit per word random access memory 

to all CS inputs 
of IC2 to ICB 

to all CS inputs 
of IC10 to IC16 
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HEF4720V 

LSI 
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Fig. 8 Using extra HEF4720B; V I Cs to obtain more words and greater word length. 
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APPLICATION INFORMATION (continued) 

Memory retention 

It is sometimes necessary to ensure that the information stored in the memory cannot be erased in
advertently. This can be arranged by adding detection circuits, by measures in the timing, and by the 
addition of a battery. With the HEF4720B; V, memory retention is very easily obtained because its 
current drain in the stahd-by condition is almost zero. The wide supply voltage range makes it possible 
to keep the memory active by means of a simple battery, thereby preventing information loss. 

In designing the memory retention circuits, two aspects should be kept in mind. The memory retention 
will not function in an optimum way if the battery voltage is low or if the voltage transitions at the 
address input are too slow. The first of these is usually the result of using too simple a battery back-up 
circuit, e.g. a battery charged via a diode from the TTL supply voltage'. In this case, the LOCMOS supply 
voltage falls below the safe operating voltage. Special arrangements should be made to overcome this. 

Slow address transitions (the second cause of memory loss) are due to a long RC-time in the power 
system. When the power is switched on or off, the 5 V line changes between 0 and 5 V in milliseconds 
to seconds so producing a correspondingly long transition time in the various logic outputs. This 
creates problems in the proper operation of the HEF4720B; V, with loss of memory as a possible 
result. This can be prevented by ensuring that input rise and fall times do not exceed 10 µs. 

Three possibilities for controlling the rise and fall times at the HEF4720B; V interface are given here: 

1. LOCMOS gates can be connected between the address latch and the HEF4720B; V (Fig. 9). 
In the event of a low voltage, or mains supply failure, the gates can be blocked by a signal from 
the memory retention logic thus isolating the HEF4720B; V from the address and CS inputs. 

2. The interface power supply can be separated from the TTL power supply by means of a low-value 
resistor (Fig. 10); a thyristor is connected from the interface power supply to earth. The system is 
arranged so that, upon switching off or failure of the interface supply, the thyristor turns on thus 
ensuring a rapid fall of the supply voltage. 

3. The best solution is to select the interface circuits from the LOCMOS family and to feed all these 
circuits from the battery (Fig. 11 ). These stages then remain active when the TTL 5 V supply fails. 
The interface circuits are mostly only active on a clock pulse, have the possibility of being inactive 
on a gate level, or can be forced into one position. 

680 Ootobec 1980 I 



256-bit, 1-bit per word random access memory 

HEF4720B 
HEF4720V 
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OTHER 
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ADDRESS 
LATCH 

MEMORY 
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LOGIC 

(1) These devices have a battery supply. 
(2) Alternative connection. 

t 
I 
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r----------------------, 
: : (2) 
1 HEF4011B : 
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(1 I : 
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I 
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Ao Ai A2 An 
MEMORY 

(1) USING 
CS HEF4720B 

HEF4720V 
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t 

7Z84404 

to other 
load 
circuits 

Fig. 9 Use of battery-operated LOCMOS gates to isolate the memory in case of power supply failure. 
Devices marked ( 1) are connected to the battery. The HEF4011 B can sink about 0,7 mA: if the load 
is greater than this, only the memory should be connected, other loads being connected to the address 
latch as shown by the dashed-line connections. 
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( 1) Leads should be so arranged to prevent cross-talk; thyristor connections must be short. 
(2) Slope> 500 mV /µsin the vicinity of the threshold. 

Fig. 10 Using a thyristor to ensure a rapid fall of interface supply at switch-off or supply failure. 
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of the HE F4042B is about 1,5 mA. 
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HEF47248 
MSI 

8-BIT ADDRESSABLE LATCH 

The HEF4724B is an 8-bit addressable latch with three address inputs (Ao to A2), a data input (D), an 
active LOW enable input (E), an active HIGH clear input (CL), and eight parallel latch outputs (Oo to 07). 

When E and CL are HIGH, all outputs (Oo to 07) are LOW. Eight-channel demultiplexing or active 
HIGH 1-of-8 decoding with output enable operation occurs when CL is HIGH and Eis LOW. When CL 
and E are LOW, the selected output (Oo to 07; determined by Ao to A2) follows D. When E goes 
HIGH, the contents of the latch are stored. When operating in the addressable latch mode (E =CL= LOW), 
changing more than one bit of Ao to A2 could impose a transient wrong address. Therefore, this should 
only be done while in the memory mode (E =HIGH, CL= LOW). 

..._ Do 
Ao t--..._ 01 

A, 1-of-8 t-- 02 I 

DECODER t--
03 

A2 t-- 8 ..._ 
LATCHES 04 

t--
05 

- _? 05 E 

CL 07 
D 

7Z73721.2 

Fig. 1 Functional diagram. 

PINNING 
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CL 

Doto o7 

address inputs 
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enable input (active LOW) 

clear input (active HIGH) 

parallel latch outputs 

4 

5 

6 

7 

9 

10 

11 

12 

HEF4724B 

7Z?3720 

Fig. 2 Pinning diagram. 

HEF4724BP: 16-lead DIL;plastic (SOT-38Z). 
HEF4724BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF4724BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

FAMILY DATA 
} see Family Specifications 

loo LIMITS category MSI 

8 Products approved to CECC 90 104-089. 1 (May 1983 635 
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8-bit addressable latch 

MODE SELECTION 
~------------------·-------------··---------

E CL mode 

L 
1-1 
L 

L 
L 
H 

addressable latch 
memory 
active HIGH 8-channel demultiplexer 

H H clear 
L__ __ J _ ___L ________ ·----·-

FUNCTION TABLE 

HEF47248 
MSI 

CL E D Ao A1 A2 Oo 01 02 03 04 05 05 07 mode 
-·---··-·--··-·-· -· ·- -·----··-------------------- -----------: 

H H X X X X L L L L L L L L clear 

H 
H 
H 
H 
H 
H 
H 
H 

L 

L 
L 
L 
L 
L 
L 
L 
L 

·-·-·--·--·-- -- - --- -- - --·-------··------------+-------! 

L D1 
L D1 
L D1 
L D1 
L D1 
L D1 
L D1 
L D1 

L 
H 
L 
H 
L 
H 
L 
H 

L 
L 
H 
H 
L 
L 
H 
H 

L 
L 
L 
L 
H 
H 
H 
H 

D1 L L L L L L L 
L D1 L L L L L L 
L L D1 L L L L L 
L L L D1 L L L L 
L L L L D1 L L L 
L L L L L D1 L L 
L L L L L D1 L 
L L L L L L L D1 

demultiplexer; 
unaddressed 
latch is 
cleared 

··--·-· --------·----·· ·-·--·---·--·-·-----·------------+---------1 

H X x x x On-1 On-1 On-1 On-1 On-1 On-1 On-1 On-1 memory 

L D1 L L L D1 0 11 1 
L D1 1-1 L L On-1 D1 
L D1 L 1-1 L On-1 On-1 
L D1 H H L 0 11.1 On-1 
L D1 L L H On-1 On-1 
L D1 H L H On-1 On-1 

L D1 L H HBn-1 On-1 
L D1 1-1 H H On-1 On 1 

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

-·---·---·-------·-----------+------·-·---

On-1 On 1 On-1 On-1 On-1 On-1 
0 11 .1 On-1 On-1 On-1 On-1 On-1 addressable 

D1 On-1 On-1 On-1 On 1 On-1 
On-1 D1 On-1 On-1 On-1 On-1 
On-1 On-1 D1 On-1 On-1 On-1 

latch; 
unaddressed 
latch holds 

0 11.1 On-1 On-1 D1 On-1 On-1 previous 
On·-1 On-1 On-1 On-1 D1 On-1 state 
On-1 On-1 On-1 On-1 On-1 D1 

- -----------·------ ---~------------- ________________ __!._ _______ ~ 

H =HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X =state is immaterial 
On-1 = state before the positive transition of E 
D1 =either HIGH or LOW 

A.G. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; input transition times< 20 ns 

V~o typical formula for P (µW) 
where 
fi =input freq. (MHz) 

Dynamic power 
dissipation per 
package (P) 

5 700 fi + L(foCL) x Voo 2 

10 3700 fi + L(foCL) x Voo 2 

15 10800 fi + L(foCL) x Voo 2 

f0 = output freq. (MHz) 
CL= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 



HEf 47248 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times~ 20 ns 

Voo symbol min. typ. max. v 

Propagation delays 
E -on 5 

I tPHL 

115 230 ns 
HIGH to LOW 10 50 95 ns 

15 35 70 ns 

5 95 195 ns 
LOW to HIGH 10 1PLH 40 80 ns 

15 30 55 ns 

o-on 5 

I 

95 190 ns 
I 

HIGH to LOW I 10 1PHL 35 75 ns 
15 25 55 ns 

5 85 170 ns 
LOW to HIGH 10 tPLH 35 75 ns 

15 25 55 ns 

An-On 5 110 225 ns 
HIGH to LOW 10 tPHL 45 95 ns 

15 35 70 ns 

5 95 190 ns 
LOW to HIGH 10 tPLH 40 80 ns 

15 30 55 ns 

CL-On 5 85 165 ns 
HIGH to LOW 10 1PHL 35 70 ns 

15 25 50 ns 

Set-up times 5 40 20 ns 
o-"E 10 tsu 15 5 ns 

15 10 0 ns 

5 40 20 ns 
An-E 10 tsu 20 10 ns 

15 
I 

15 5 ns 

Hold times 5 20 0 ns 
o-E 10 tho Id 15 5 ns 

15 
I 

15 5 ns 
I 

5 I I 
50 25 ns 

An·-E 10 tho Id 20 10 ns 
15 

I 
15 5 ns 

Minimum E 5 75 35 ns 
p ulse width; LOW 10 t WEL 30 15 ns 

15 20 10 ns 

I Minimum CL 5 70 35 ns 

I pulse width; HIGH 10 twcLH 30 15 ns 

L 15 20 10 ns 

638 Ootob" 1980 j 

typical extrapolation 
formula 

.. 

88 ns + (0,55 ns/pF) CL 
39 ns + (0,23 ns/pF) CL 
27ns+(~16n~pF)CL 

68 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22 ns + (0, 16 ns/pF) CL 

68 ns + (0,55 ns/pF) CL 
24 ns + (0,23 ns/pF) CL 
17 ns+ (0,16 ns/pF) CL 

i 58 ns + (0,55 ns/pF) CL 
24 ns + (0,23 ns/pF) CL 
17 ns+ (0,16 ns/pF) CL 

83 ns + (0,55 ns/pF) CL 
34 ns + (0,23 ns/pF) CL 
27 ns+ (0,16 ns/pF) CL 

68 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22 ns+ (0,16 ns/pF) CL 

58 ns + (0,55 ns/pF) CL 
I 24 ns + (0,23 ns/pF) CL 
I 17ns+(0,16ns/pF)CL 

I 
I 

I 
I 

I 
I 
I 

I I 
I 

see also waveforms 

I 
Fig. 5 

I 

I 

ll _________ J 



8-bit addressable latch 

A.G. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times.;;; 20 ns 

Yoo symbol min. typ. max. v 

Output transition 
I 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 

-tWEL-

E INPUT 

D INPUT 

An INPUT 

- ---thold 

HEF4724B 
MSI 

typical extrapolation 
formula 

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

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

CL INPUT 

7-Z72B-59.2--t":CLH ~~ 
(1) The address to enable set-up time is the time before the HIGH to LOW enable transition that the 

address must be stable so that the correct latch is addressed and the other latches are not affected. 

Fig. 5 Waveforms showing minimum E and CL pulse widths, set-up times, hold times. Set-up and hold 
times are shown as positive values but may be specified as negative values. 
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HEF47318 
HEF4731V 

LSI 

QUADRUPLE 64-BIT STATIC SHIFT REGISTER 

The HEF47318 and HEF4731V are quadruple 64-bit static shift registers each with separate serial data 
inputs (DA to Do), clock inputs (CPA to CPo) and data outputs (053A to 0530) from the 64th 
register position. 

Recommended supply voltage range for HEF4731B is 3 to 15 V and for HEF4731V is 4,5 to 12,5 V. 

Data are shifted to the next stage on the negative-going transitions of the clock. Low impedance 
outputs are provided for direct interface to TTL. 

9 DA 
64-BIT 

-
10 CPA_r. STATIC SHIFT 

'"' REGISTER 

12 Ds 
64-BIT 

- STATIC SHIFT 
13 CP8 

-0 REGISTER 

6 De 
64-BIT 

5 CPc STATIC SHIFT 

-<:: REGISTER 

4 Do 
64-BIT 

- STATIC SHI FT 
3 CP0 

--0 REGISTER 

Fig. 1 Functional diagram. 

FAMILY DATA l loo LIMITS category LSI 

063A 11 

053s 8 

053c 1 

14 13 12 11 10 9 8 

Voo CPs Ds 053A CPA DA 053s 

0530 2 HEF4731B 
HEF4731V 

CPc 

4 5 
7274631.1 Fig. 2 Pinning diagram. 7Z74631 

HEF4731BP; HEF4731VP : 14-lead OIL; plastic (SOT-27K, M, T). 
HEF4731BD; HEF4731VD: 14-lead OIL; ceramic(cerdip) (SOT-73). 

see Family Specifications 
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HEF47318 
HEF4731V 

LSI 

>---~o Ot----1 

CP FF 
1 

FF 
2 

CPA-{>·•,__...._ ____ ___._ __ _ 

FF 
64 

7Z74632.1 

Fig. 3 Logic diagram (one of 64-bits shift register). 

The values given at Voo = 15 Vin the following d.c. and a.c. characteristics, are not applicable to the 
HEF4731V, because of its reduced supply voltage range. 

D.C. CHARACTERISTICS 

V55 = 0 V; V1 = V55 or Voo 

Voo 
v 

Output (source) 5 

current 5 

HIGH 10 
15 

Output (sink) 4,75 
current 10 
LOW 15 

A.C. CHARACTERISTICS 

Vol VoH symbol 1 . -40 v v 

I ~m m" 
2,5 
4,6 

-loH 9,5 3 
13,5 10 

0,4 2,3 
0,5 loL 6,0 
1,5 20,0 

Vss = 0 V; Tamb = 25 °C; input transition times< 20 ns 

Voo typical formula for P (µW) v 

Dynamic power 5 13 000 fi + L(foCL) x Voo 2 

dissipation per 10 55 ooo fi + ~(f0CL) x Voo 2 

package (P) 15 140 000 fi + L(foCL) x Voo 2 

642 Ootob" 1980 I 

Tamb (OC) 
+ 25 +85 

min. max. min. max. 

2,5 2,0 mA 
0,85 0,65 mA 
2,5 2,0 mA 
8,5 6,5 mA 

2,0 1,6 mA 
5,0 4,0 mA 

18,0 14,0 mA 

where 
fi =input freq. (MHz) 
f 0 =output freq. (MHz) 
CL= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 



Quadruple 64-bit static shift register 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times.;;; 20 ns 

Voo symbol min. typ. max. v 

Propagation delays 

CP - 053 5 145 290 ns 

I HIGH to LOW 10 tpHL 55 110 ns 
15 40 80 ns 

5 160 320 ns 
LOW to HIGH 10 tPLH 65 130 ns 

15 45 90 ns 

Transition times 053 5 30 60 ns 
HIGH to LOW 10 tTHL 12 24 ns 

15 10 20 ns 

5 40 80 ns 
LOW to HIGH 10 tTLH 20 40 ns 

15 15 30 ns 

Minimum clock 5 160 80 ns 
pulse width; HIGH 10 twcPH 60 30 ns 

15 40 20 ns 

I Set-up time 5 25 -5 ns 
D -cP 10 tsu 15 -5 ns 

I 15 15 -5 ns 

Hold time 5 50 20 ns I o-cP 10 tho Id 30 10 ns I 15 20 5 ns 

Maximum clock 5 3 6 MHz I 
pulse frequency 10 fmax 8 16 MHz 

15 12 25 MHzj 

CPn INPUT 50% 

HEF47318 
HEF4731V 

LSI 

typical extrapolation 
formula 

132 ns + (0,26 ns/pF) CL 
47 ns + (0,16 ns/pF) CL 
34 ns + (0, 11 ns/pF) CL 

138 ns + (0,45 ns/pF) CL 
56 ns + (0, 19 ns/pF) CL 
39 ns + (0,13 ns/pF) CL 

10 ns + (0,40 ns/pF) CL 
3 ns + (0, 18 ns/pF) CL 
3 ns+ (0,13 ns/pF) CL 

8 ns + (0,65 ns/pF) CL 
5 ns + (0,30 ns/pF) CL 
5 ns + (0,20 ns/pF) CL 

see also waveforms 
Fig. 4 

Note: the maximum 
power dissipation has 
to be observed 

7Z74634 

Fig. 4 Waveforms showing minimum clock pulse width, 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. 
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J~HEF4;378 
HEF4737V 

LSI 

----

QUADRUPLE STA TIC DECADE COUNTERS 

The HEF4737B and HEF4737V are ~ldlic.; 4u<1druµle decdciewurilc:rs fur fre4uencies from 0 to 10 MHz. 
The counters are supplied with an extra overload flip-flop giving a total count capability of 19 999. 
The counter has the following inputs and outputs: a count input (CP), an asynchronous reset input 
(MR), an asynchronous preset input (PL), a transfer input (T), an output enable input (EO) (which 
controls the BCD outputs), the digit select inputs (SA, Sg, Sc) (which perform selection of the 
contents of the latches to the 3-state BCD outputs (Oo to 03)),and the carry outputs (C02 to C05) 
(which give the carry signals of the decades except from the first decade). 

The complementary MOS structure gives the devices very low stand-by and operating dissipation. 
Operating from a single supply voltage all outputs can drive one standard TTL input without interface 
circuitry under all specified operating conditions. 

The BCD digit outputs are LOCMOS 3-state outputs. The high impedance off-state feature allows 
common busing of the outputs. The counters are supplied with asynchronous reset and preset to 
19 999 facilities making them suitable for counter and time base applications. All carry signals are 
available except from the first decade. 

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

Recommended supply voltage range for HE F4 737B is 3 to 15 V end for HE F4 737V is 4,5 to 12,5 V. 

11 10 

SA CP MR PL EO Voo 

HEF4 7378 
HEF4737V 

C02 C03 C04 C05 T 

2 3 

7Z69203.2 

Fig. 1 Pinning diagram. 

SUPPLY VOLTAGE 

----->---ra-t-ing +re~~~r~t~~~ed 
HEF4737B -0,5 to 18 3,0 to 15,0 V 
HEF4737V -0,5 to 18 4,5 to 12,5 V 

FAMIL V DATA J 
see Family Specifications 

loo LIMITS category LSI 

PINNING 

CP count input 
MR asynchronous reset input 
PL asynchronous preset input 
T transfer input 

digit select inputs 
EO output input 

Oo to BCD outputs 
C02 to C05 carry outputs 

HEF4737BP; HEF4737VP: 18-lead OIL; 
plastic (SOT-102). 
HEF4737BD; HEF4737VD: 18-lead OIL; 
ceramic (cerdip) (SOT-133). 
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HEF47378 
HEF4737V 

LSI 

12 PL 

13 MR 

14 CP 

9 T 

15 SA 

17 Sa 

16 Sc 

11 EO 

01 

710 

4 

LATCHES 

02 

-:-10 

4 

LATCHES 

5 

03 
-;-10 

4 

LATCHES 

MULTIPLEXER 

o, 

6 7 

4 

LATCHES 

05 
-;- 2 

LATCH 

8 

COs 

1 10 4 2 3 18 7Z69202.3 

FUNCTIONAL DESCRIPTION 

Input signals 

Count input (CP) 

Fig. 2 Block diagram. 

The signal to be counted is applied to this input. When PL and MR are LOW the contents of the 
counter increments by one at a LOW to HIGH transition of CP. 

Reset input (MR) 

This is an asynchronous reset. A HIGH level applied to this input will reset the counter to zero inde
pendent of the level at the count input and preset input. 

Preset input (PL) 

This is an asynchronous preset. When MR is LOW a HIGH at the PL input will preset the counter to 
19 999 independent of the level at the count input. 

Transfer input (T) 

A HIGH level applied to this input allows the information held by the counter to pass to the latches. 
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Quadruple static decade counters 

Output enable input (ED) 

HEf 47378 
HEF4737V 

LSI 

A HIGH level at this input enables the BCD outputs and information can be read out of the latches 
using the multiplexer. A LOW level at this input disables the BCD outputs making them floating (high 
impedance off-state). 

Digit select inputs (SA, S3, Sc) 

SA SB Sc 

L L L selectsD1 (LSD) 
H L L selects D2 
L H L selects D3 
H H L selects D4 
x x H selects D5 (MSD) 

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

Output signals 

The carry outputs are active LOW outputs. 

Carry output CO 2 

When D5 is selected, the contents of D5 is available 
at Oo and 01, 02 and 03 are LOW. 

LSD = least significant divider 
MSD =most siginificant divider 

When the contents of the first two decades of the counter are both 9 then the C02 output becomes 
LOW. It remains LOW until the next LOW to HIGH transition of the count input, i.e. until the contents 
of the first two decades are zero. C02 is LOW when the contents of the counter are: 00099, 00199, 
00299 etc. 

Carry output C03 

When the contents of the first three decades of the counter are all 9 then the C03 output becomes"'' 
LOW. It remains LOW until the next LOW to HIGH transition of the count input, i.e. until the contents 
of the first three decades are zero. C03 is LOW when the contents of the counter are 00 999, 01 999, 
02999 etc. 

Carry output C04 

When the contents of the first four decades of the count!lr are all 9 then the C04 output becomes LOW. 
It remains LOW until the next LOW to HIGH transition of the count input, i.e. until the contents of 
the first four decades are zero. C04 is LOW when the contents of the counter are 09 999 and 19 999. 

The carry signals C02, C03 and C04 are suppressed while the preset is active. A HIGH to the preset 
input sets the counter to 19 999 but the carry signals remain HIGH until preset input returns to LOW, 
then the carry outputs will also become LOW. 

Carry output C05 

When the content of the counter is 10 000 the C05 output becomes LOW. It returns to HIGH when 
the content of the counter is zero. 

Digit outputs (Do to 03) 

The digit outputs give the contents of the selected latch. The output is in the form of BCD, positive 
logic. 

( Ootob" 1980 647 



HEF4737B 
HEF4737V 

LSI 
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Quadruple static decade counters 

HEF47378 
HEF4737V 

LSI 

The values given at Voo = 15 Vin the following d.c. and a.c. characteristics, are not applicable to the 
HE F4737V, because of its reduced supply voltage range. 

D.C. CHARACTERISTICS Vss = 0 v 

• 
Voo I V-o~VoL symbo~1--=: Ta~b2~oc) + 85 

v v v I . . . 
1 

min. max. min. max. min. max. 
~----------+------ -------j----j--- ___ _, 

10 
15 

Input leakage 
current at 
v 1 =0orVoo 

Output (sink) 
current LOW 

4,75 0,4 

Output (source) 
current HIGH 

Output (source) 
current HIGH 

3-state output 
leakage current 
Vo=OorVoo 

A.C. CHARACTERISTICS 

10 0,5 loL 
15 1,5 

5 4,6 
10 9,5 -loH 
15 13,5 

5 

10 
15 

2,5 -loH 

±loz 

1,6 
2,5 
7,0 

0,96 
2,4 
7,0 

3,0 

1,6 
1,6 

1,6 
2,3 
6,0 

0,80 
2,0 
6,0 

2,5 

0,3 
0,3 

1,6 
1,6 

1,4 
1,7 
4,0 

0,65 
1,6 
4,5 

2,0 

12 
12 

µA 
µA 
mA 
mA 
mA 

mA 
mA 
mA 

mA 

µA 
µA 

Vss = 0 V; Tamb = 25 °C; CL= 15 pF; input transition times,,;;;; 20 ns 

Voo symbol min. typ. max. 
typical extrapolation 

v formula 

Propagation delays 
CP -on 5 320 640 ns 308 ns + (0,24 ns/pF) CL 
(D 1 selected) 10 trHL 120 240 ns 125 ns + (0, 10 ns/pF) CL 

HIGH to LOW 15 90 180 ns 86 ns + (0,07 ns/pF) CL 

5 320 640 ns 296 ns + (0,48 ns/pF) CL 
LOW to HIGH 10 trLH 120 240 ns 110 ns + (0,20 ns/pF) CL 

15 90 180 ns 82 ns+ (0,15 ns/pF) CL 

CP -on 5 620 1240 ns 608 ns + (0,24 ns/pF) CL 
(05 selected) 10 tpHL 330 660 ns 325 ns + (0, 10 ns/pF) CL 

HIGH to LOW 15 250 500 ns 246 ns + (0,07 ns/pF) CL 

5 620 1240 ns 596 ns + (0,48 ns/pF) CL 
LOW to HIGH 10 trLH 330 660 ns 320 ns + (0,20 ns/pF) CL 

15 250 500 ns 242 ns+ (0,15 ns/pF) CL 

CP - C02 5 220 440 ns 208 ns + (0,24 ns/pF) CL 
HIGH to LOW 10 trHL 110 220 ns 105 ns + (0, 10 ns/pF) CL 

15 85 170 ns 81 ns + (0,07 ns/pF) CL 

I 5 220 440 ns 196 ns + (0,48 ns/pF) CL 
LOWtoHIGH k trLH 110 220 ns 100 ns + (0,20 ns/pF) CL 

15 85 170 ns 77 ns+ (0,15 ns/pF) CL 
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HEF4737B 
HEF4737V 

LSI 

A.C. CHARACTERISTICS (continued) 

Vss = 0 V; Tamb = 25 °C; CL= 15 pF; input transition times~ 20 ns 

Voo symbol min. typ. max. v 

Propagation delays 

CP - C05 5 350 700 ns 
HIGH to LOW 10 tPHL 160 320 ns 

15 120 240 ns 

5 350 700 ns 
LOW to HIGH 10 tPLH 160 320 ns 

15 120 240 ns 

Sn - On 5 200 400 ns 
HIGH to LOW 10 tPHL 80 160 ns 

15 55 110 ns 

5 200 400 ns 
LOW to HIGH 10 tPLH 80 160 ns 

15 55 110 ns 

T - On 5 220 440 ns 
HIGH to LOW 10 tPHL 90 180 ns 

15 60 120 ns 

5 220 440 ns 
LOW to HIGH 10 tPLH 90 180 ns 

15 60 120 ns 

MR -on 5 490 980 ns 
HIGH to LOW 10 tPHL 200 400 ns 

15 60 120 ns 

PL -on 5 260 520 ns 
LOW to HIGH 10 tPLH 110 220 ns 

15 85 170 ns 

MR - COn 5 350 700 ns 
LOW to HIGH 10 tPLH 160 320 ns 

15 120 240 ns 

PL - COn 5 350 700 ns 
HIGH to LOW 10 tPHL 160 320 ns 

15 120 240 ns 

Output transition 5 35 70 ns 
times; any output 10 tTHL 18 36 ns 

HIGH to LOW 15 15 30 ns 

5 50 100 ns 
LOW to HIGH 10 tTLH 30 60 ns 

15 25 50 ns 

650 Ootobo>C 1980 I 

typical extrapolation 
formula 

338 ns + (0,24 ns/pF) CL 
155 ns + (0, 10 ns/pF) CL 
116 ns + (0,07 ns/pF) CL 

326 ns + (0,48 ns/pF) CL 
150 ns + (0,20 ns/pF) CL 
112 ns + (0, 15 ns/pF) CL 

188 ns + (0,24 ns/pF) CL 
75 ns + (0, 10 ns/pF) CL 
51 ns + (0,07 ns/pF) CL 

176 ns + (0,48 ns/pF) CL 
70 ns + (0,20 ns/pF) CL 
47 ns+ (0,15 ns/pF) CL 

208 ns + (0,24 ns/pF) CL 
85 ns + (0, 10 ns/pF) CL 
56 ns + (0,07 ns/pF) CL 

196 ns + (0,48 ns/pF) CL 
80 ns + (0,20 ns/pF) CL 
52 ns + (0,15 ns/pF) CL 

478 ns + (0,24 ns/pF) CL 
195 ns + (0, 10 ns/pF) CL 
56 ns + (0,07 ns/pF) CL 

236 ns + (0,48 ns/pF) CL 
100 ns + (0,20 ns/pF) CL 
77 ns + (0, 15 ns/pF) CL 

326 ns + (0,48 ns/pF) CL 
150 ns + (0,20 ns/pF) CL 
112 ns + (0,15 ns/pF) CL 

338 ns + (0,24 ns/pF) CL 
155 ns + (0,10 ns/pF) CL 
116 ns + (0,07 ns/pF) CL 

15 ns + (0,40 ns/pF) CL 
9 ns + (0, 18 ns/pF) CL 
8 ns + (0, 13 ns/pF) CL 

15 ns + (0,70 ns/pF) CL 
13 ns + (0,33 ns/pF) CL 
13 ns + (0,23 ns/pF) CL 



Quadruple static decade counters 

Voo symbol min. typ. max. v 
f-----

3-state propagation 
delays 

Output disable times 

I 

Eo- On 5 60 120 
HIGH 10 tpHz 35 70 

15 25 50 

5 60 120 
LOW 10 tpLz 35 70 

15 25 50 

Output enable times 

I ,PZH 
EO - On 5 90 180 

HIGH 10 40 80 

I 
15 30 60 

5 90 180 
LOW 10 tpzL 40 80 

15 30 60 

Minimum CP pulse 5 160 80 
width; LOW 10 twcPL 60 30 

I 15 I 50 25 

Minimum MR pulse 5 100 50 
width; HIGH 10 twMRH 50 25 

15 40 20 

Minimum PL pulse 5 120 60 
width; HIGH 10 twPLH 60 30 

15 50 25 

Minimum T pulse 5 100 50 
width; HIGH 10 twTH 40 20 

15 36 18 

Maximum clock 5 3 6 
pulse frequency 10 fmax 8 16 

15 10 20 
~-

Voo typical formula for P (µW) v 

Dynamic power 5 950 fi + Z(foCL) x Voo 2 

dissipation per 10 4 200 fi + L(foCL) x Voo 2 

package (P) 15 11 200 fi + L(foCLl x Voo 2 

-

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

MHz 
MHz 
MHz 

where 

HEF47378 
HEF4737V 

LSI 

fi =input freq. (MHz) 
f 0 =output freq. (MHz) 
CL= load cap. (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 

I ( Oo<oboc 1980 651 





HEF4738V 
LSI 

IEC/IEEE BUS INTERFACE 

The HE F4738V is an implementation of the I EC-bus as described in IEC report 66 CO 22 (interface 
system for programmable measuring apparatus) as well as in IEEE standard 488-1975 (standard digital 
interface for programmable instrumentation). 
Together with bus-drivers, level converters and multiplexers it is suitable for connecting electronic 
programmable and non-programmable equipment to an I EC/IEEE interface bus. 
All inputs have standard HE4000B family levels. 
In the circuit the fol lowing standard interface functions are incorporated: 
• Complete source handshake (subset SH 1) 
• Complete acceptor handshake (subset AH1) 
• Basic talker with serial poll and talk-only mode (when It= LOW, subset T1; It= HIGH, subset T5) 
• Basic listener with listen-only mode (when It = LOW, subset L 1; It = HIGH, subset L3) 
• Complete service request (subset SR1) 
• Complete remote local (subset R L 1) 
• Remote parallel poll configuration (subset PP1) 
• Complete device clear (subset DC 1) 
• Complete device trigger (subset DT1) 
• Some controller facilities 

DEVICE 
MANAGEMENT BUS 

LISTENER H.S. 

DEVICE 
HEF4738V 

COMMANDS 

IEC/ DEVICE TALKER THREE LINE 
DEVICE IEEE 

H.S. HANDSHAKE BUS 
(/) 

(.'.J 
a: 
w z > w (/) i'.= w u w a: u <( (.'.) w rJl 

lL <( > z a: (/) z <( w (/) a: I- w 
~ ::;;;: I-

DATA BUS 

Fig. 1 Basic I EC/IEEE bus interface using the HEF4738V. 

FAMILY DATA 
) see Family Specifications 

SUPPLY VOLTAGE 

rating recommended 
operating loo LIMITS category LSI 

-0,5 to 18 4,5 to 12,5 V 
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GENERAL DESCRIPTION 

The inputs IRFD, IDAC, IDAV, llFC, IREN, IATN, llDY and IDl01 to IDI07 must be connected via 
an inverting TTL to LOCMOS level converter to the respective bus lines: N RFD, NDAC, DAV, I FC, 
REN, ATN, IDY and DI01 to DI07. 
The outputs ORFD, ODAC, ODAV and OSROcan drive one standard TTL load and are suitable for 
driving NRFD, NDAC, DAV and SRO via an inverting bus-driver circuit. 
The parallel poll outputs OP1, OP2, OP3 and OPP can also drive one standard TTL load. Outputs OP1, 
OP2 and OP3 are connected to flip-flops, which store the attendant bits P1, P2 and P3 of the last PPE 
message. OP1, OP2 and OP3 have to be decoded externally and multiplexed to the DIO-lines when OPP 
is LOW. 
All other output stages are standard HE4000B family. 
Most of the functions in the IEC/IEEE interface IC are realized with synchronous sequential logic, 
which is driven from the clock input CP. HIGH to LOW transitions are used to synchronize input 
signals and LOW to HIGH transitions trigger the internal flip-flops. In order to meet the IEC/IEEE 
timing specifications, the maximum clock frequency is 2 MHz. The maximum data transfer is then 
200 kbytes/second. 
Input "irdy (not ready for next message) and output Odvd (data valid device) are intended for a two
wire handshake procedure between the acceptor function in the IC and the data input of the device 
(instrument to be connected to the interface system). The procedure is made so, that if the device 
reacts fast enough, the handshake procedure can be omitted by interconnecting Odvd and lrdy. The 
conditions to be fulfilled by the device are: 
• The device must be able to accept a data byte within one clock period after dvd goes HIGH under 

all conditions. 
• The device must be ready to process a data byte within two clock periods plus the minimum settling 

time of the talker devices under all conditions. 
Input lnba (not new byte available) and output Oded (don't change data) are intended for a two-wire 
handshake procedure with the source fl,nction in the IC and the data output of the device (instrument). 
The procedure is so made that if the device reacts fast enough the handshake procedure can be omitted 
by interconnecting Oded and lnba. The conditions to be fulfilled by the device are: 
• The device must be able to set a new data byte on the bus within one clock period after dcd goes 

LOW under all conditions. 
• The device must be able to have the next data byte available within seven clock periods under all 

conditions. 

Input lsr and output Ored should be connected to an external parallel-in/serial-out (when Ored is 
H JG H parallel-in, when LOW serial-out) shift register, which must be connected to the clock CP and 
must trigger on the LOW to HIGH transitions. The data on the parallel inputs of this external shift 
register are loaded in parallel and shifted-out via input lsr into an internal shift register. The eleven 
serial input signals are in the order of shifting: A5, A4, A3, A2, A 1, ton, Ion, It, rsv, rtl and ist. 
Signals A5, A4, A3, A2 and A 1 represent the device talker and listener address. When signal It (either 
listener or talker) is HIGH, a listener addressing sets the talker to the idle state and a talker addressing 
sets the listener to the idle state (subset T5 and L3). With It LOW, the device can be addressed to be a 
listener and a talker. Because of the serial input procedure, all these input signals arrive in the interface 
functions of the IC between 16 and 32 clock cycles. 
The signals ton, Ion, rsv, rtl and ist are standard I EC/IEEE inputs. When using ton or Ion no controller 
action is possible. 
The output Oclr or Otrg is HIGH for one clock pulse if DCAS (device clear active state) or DT AS (device 
trigger active state) respectively is active. 

654 A"g"'t1982 I 
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The output Oloc is HIGH when LOGS (local state) or LWLS (local with lock-out state) is active. 
Output OSRO is HIGH when the rsv signal is read from the external shift register and the SROS 
(request service state) is active. After this request has been answered by a serial poll, OROS is HIGH in 
the APRS (affirmative poll response state). The inverted signal on OROS must be multiplexed to bus
line D 107, together with the status byte of the other 010 lines, when output Osp is HIGH in the SPAS 
(serial poll active state). 
When the device is in the SPAS state the signal rsv may be removed (can be checked on OROS). 
N.B.: When the interface has asked for service via rsv and is addressed as talker in the serial poll mode, a 
handshake must be initialized by the device via I nba. 

Input I cats and output Otct are intended for use of this IC in a controller. When lcats is HIGH, the 
source handshake function will exit SI OS and SIWS and enter respectively SG NS and SWNS. When the 
controller function is not used, the input I cats must be connected to Vss· Output Otct is HIGH if the 
tct message is sent over the interface and the ACDS state is active. A HIGH on input lpon sets each 
function to its initial state. This level can be set to LOW after the IC has received 32 clock pulses at 
stabilized supply voltage. 

Note 

After power-on the input lpon must stay LOW for at least 32 clock pulses, then HIGH for 32 clock -
pulses in order to force the function to its initial state. 
After this, lpon must be set LOW. 
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Input pins 

40 VDD 1,2,3,36, = IDl01to7: input DIO 
37,38,39 

IDI06 39 IDl04 
4 = llDY input IDY not 

*9 = lsr input shift register 

IDI03 
11 = llFC input I FC not 

38 12 = lpon input pon 
13 = IDAV input DAV not 

llDY 37 IDI02 14 = lrdy input rdy not 
18 = IATN input ATN not 

OPP 5 36 IDI01 24 = IRFD input RFD 
25 = lnba input nba not 

OP3 6 35 Otrg 26 = IDAC input DAC 
27 = lcats input cats 

OP2 7 34 Otct 
28=1REN input REN not 
31 = CP clock pulse input 

OP1 8 33 Oclr Output pins 

lsr 9 32 Oloc 
5 =OPP output PP 
8,7 ,6, = OP1 to OP3 output P1 to P3 
10=0red output red 

Ored 10 31 CP 15 = ORFD output RFD 
HEF4738V 16 = ODAC output DAC 

II FC 11 30 Ota 17 = Odvd output dvd 
19 = OSRO output SRO not 

lpon 12 29 Osp 21 =OROS output ROS not 
22 =Oded output dcd 

IDAV 13 28 IREN 23 = ODAV output DAV not 
29 = Osp output sp 

lrdy 14 27 I cats 30 =Ota output ta 
32 = Oloc output loc 
33 = Oclr output cir 

ORFD 15 26 IDAC 34 = Otct output tct 
35 = Otrg output trg 

ODAC 16 25 lnba 
Supply pins 

Odvd 17 24 IRFD 20 = Vss= more negative supply line 
40 =VDD= more positive supply line 

IATN 18 23 ODAV 
* lsr is serial input for signals A5, A4, A3, A2, A 1, ton, 

OSRO 19 22 Oded Ion, It, rsv, rtl and ist. 

vss 20 21 OROS Note 
Because the circuit uses positive logic and the bus uses 

7Z75519 negative logic, all inputs and outputs to the bus must 
Fig. 2 Pinning diagram; for abbreviations be inverted. For that reason, all terminals that are 
see the following list. working with the bus have mnemonics which are the 
HE F4738VP: 40-lead DI L; plasic (SOT-129). inverted ones of those on the bus. 
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Fig. 3 Block diagram. 
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LIST OF USED ABBREVIATIONS 

A1 to A5 address 
ACDS acceptor data state 
APRS affirmative poll response state 
ATN attention 
AVD address valid 
cats controller active or transfer state 
cir device clear 
CVD command valid 
DAC data accepted 
DAV data valid 
DCAS device clear active state 
dcd don't change data 
DCL device clear 
010 data input output 
DTAS device trigger active state 
dvd data valid device 
EOI end of output/identify 
GTL go to local 
IDY identify 
IFC interface clear 
ist individual status 
LLO local lock-out 
loc local 
LOCS local state 
Ion listen only 
It decides whether the device can only be 

listener/talker or listener and talker 
simultaneously 

LWLS local with Jock-out state 
MLA my listen address 
MTA my talk address 
nba new byte available 
NRFD not ready for data 
NDAC not data accepted 
OTA other talk address 
P1 to P3 parallel response messages 
PCA parallel poll configure accepted 
pon power on 
pp parallel poll message enable 
PPC parallel poll configure 
PPD parallel poll disable 
PPE parallel poll enable 
PPU parallel poll unconfigure 
rdy ready for next message 
red ready for next shift cycle 
REN remote enable 
RFD ready for data 
ROS requested service 
rsv request for service 
rtl return to loca I 
soc selected device clear 

August 198.21 

SGNS 
SIDS 
SIWS 
Sp 
SPAS 
SPD 
SPE 
sr 
SRO 
SROS 
SWNS 
ta 
tct 
ton 
trg 
UNL 

source generate state 
source idle state 
source idle wait state 
serial poll 
serial poll active state 
serial poll disable 
serial poll enable 
shift register 
service request 
request service state 
source wait for new cycle state 
talker active 
talk control 
talk only 
trigger 
unlisten 
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-------- ----------
D.C. CHARACTERISTICS 

Vss = o v 

["'"""'"' t:~: I v$~Jvm:~~~;~:~51::~=ii '~~ m~-
HIGH; see note I 5 4,6 1-loH I 1 0,85 0,65 mt\ 

I
' 10 9,51 3 2,5 2,0 mA 

Output current 4,75 0,4 1 2,7 2,3 1,8 rnA 
LOW; see note 10 0,5 I OL 9,5 8,0 6,3 mA 

r~~~~~;~tdevic~-- _1?__ _ ______ J~0 ----~~L__ 1gg ;~~ ~~ 
Note 

Output currents for pins: 5 =OPP, 6 = OP3, 7 = OP2, 8 = OP1, 15 = ORFD, 16 = ODAC, 19 = OSliO, 
23 = ODAV. These pins can drive one standard TTL load. 

DATA 
('---' 

Oded 

'•"t\(-~r_7.Z82275 lnba 

Fig. 4 Waveforms showing data exchange in talker function. 

7Z822 76 
Fig. 5 Waveforms showing data exchange in listener function. 
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APPLICATION INFORMATION 

. 
3,3µFJ 

Voo ~~v,,'"" Lr 11)[50',, ,,,,. 

BAW~ Voo-- 40 

- :[£)-_I 
fiB F + 1 4 HEF409JB Vss-2° ,, T 

Vss 

220pf 

Vss -~-jf----

Fig. 6 Basic listener 
and talker. Serial and 
parallel poll are not 
implemented. 
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FREQUENCY SYNTHESIZER 

HEF4750V 
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The Hf=F4750V frnciuency synthesizer is one of a pair of LOCMOS devices, primarily intended for use 
in high-performance frequency synthesizers, e.g. in all communication, instrumentation, television and 
broadcast applications. A combination of analogue and digital techniques results in an integrated 
circuit that enables hi9h performance. The complementary device is the universal divider type 
HEF4751V. 

Together with a standard prescaler, the two LOCMOS integrated circuits offer low-cost single loop 
synthesizers with full professional performance. Salient features offered (in combination with 
HEF4751V) are: 

• Wide choice of reference frequency using a single crystal. 
• High-performance phase comparator - low phase noise - low spurii. 
• System operation to> 1 GHz. 
• Typical 15 MHz input at 10 V. 
• Flexible programming: 

frequency offsets 
ROM compatible 
fractional channel capability. 

• Programme range 6'h decades, including up to 3 decades of prescaler control. 
• Division range extension by cascading. 
• Built-in phase modulator. 
• Fast lock feature. 
• Out-of-lock indication. 
• Low power dissipation and high noise immunity. 

APPLICATION INFORMATION 

Some examples of applications for the HEF4750V in combination with the HEF4751V are: 

• VHF/UHF mobile radios. 
• HF s.s.b. transceivers. 
• Airborne and marine communications and navaids. 
• Broadcast transmitters. 
• High quality radio and television receivers. 
• High performance citizens band equipment. 
• Signal generators. 

SUPPLY VOLTAGE 

rating 

-0,5 to+ 15 

recommended 
operating 

9,5 to 10,5 V 
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v 

STB 

TCB 

OL 

TCA 5 

TRA 

TCC 

PC1 

PC2 g 

Ao 10 

Ai 11 

A2 

A3 

Vss 

26 

25 

HEF4750V 

20 

1g 

18 

Fig. 1 Pinning diagram. 

PINNING 

R 
vDD v 

STB 
MOD TCA 

TCB 

OUT TCC 
TRA 

R PC1 
PC2 

NS1 
MOD 
OL 
osc 

NSo XTAL 
Ao to Ag 

osc 
NSo, NS1 

XTAL OUT 

Ag 

As 

A7 

A5 

As 

A4 

HEF4750VD: 28-lead DI L; ceramic (cerdip) (SOT-135A). 
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phase comparator input, reference 
phase comparator input 
strobe input 
timing capacitor CA pin 
timing capacitor Cs pin 
timing capacitor Cc pin 
biasing pin (resistor RA) 
analogue phase comparator output 
digital phase comparator output 
phase modulation input 
out-of-lock indication 
reference oscillator/buffer input 
reference oscillator/buffer output 
programming inputs/programmable 
divider 
programming inputs, prescaler 
reference divider output 
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O" 
ct> ..., 
(0 
00 
0 

en en w 

Vss VDo 
OL 4 

l 
P-MOS 

REFERENCE 
71, 2, 10 

PHASE f-- SWITCH PC2 9 
OSCILLATOR f--1 H o- 1 to 1024 1---i COMPARATOR -----

& BUFFER 
or 100 

PC2 f-- N-MOS 
SWITCH 

JJIJ J I 
PROGRAMMING PROGRAMMING PHASE COMPARATOR PC 1 S 

LOGIC LOGIC 
(SAMPLE & HOLD TYPE) 

r+ PCl 
PHASE 

~ j t 
MODULATOR 
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22 21 23 24 26 25 1 3 27 2 6 5 7 
10 12 15 17 19 

11 13 16 18 20 

programming inputs 
reference divider 

LJ 

c8± cfi cA± cc± 
DD 

crystal standard 

external circuitry 7Z844 73 

Fig. 2 Block diagram comprising five basic functions: phase comparator 1 (PC1 ), phase comparator 2 (PC2), phase modulator, reference oscillator 
and reference divider. These functions are described separately. 

N.B. PC1 =analogue output; PC2 = 3-state output. 
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FUNCTIONAL DESCRIPTION 

Phase comparator 1 

Phase comparator 1 (PC1) is built around a SAMPLE and HOLD circuit. A negative-going transition at 
the V-input causes the hold capacitor (CA) to be discharged and after a specified delay, caused by the 
Phase Modulator by means of an internal V' pulse, it produces a positive-going ramp. A negative-going 
transition at the R-input terminates the ramp. Capacitor CA holds the voltage that the ramp has 
attained. Via an internal sampling switch this voltage is transferred to Cc and in turn buffered and 
made available at output PC1. 

If the ramp terminates before an R-input is present, an internal end of ramp (EOR) signal is produced. 

These actions are illustrated in Fig. 3. 

v 

R 

V' 

TCA 
(analogue) 

EOR 

analogue 
sampling 
switch 'S' 

TCC 
(analogue) 

----, 
I 

- phase modulator 1 determined by the 

- ------ ,,, .. ;;;------------- Voo 

,'/ t 
voltage 

transferred to TC C 

reset I ramp -h~d--t--------- Vss hold -
r-------------------
1 

ON OFF ON 
~ OFF • ON I 
__ ..,.. -..---------- - ~..------------------- -

..... 
.... ..... ...... 

---------------------~ 
7Z84474 

Fig. 3 Waveforms associated with PC1. 
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The resultant phase characteristic is shown in Fig. 4. 

HEF4750V 
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PC1 1 output 
voltage l.'V.'V.'V 

l-2n-I 
7284476 

Fig. 4 Phase characteristic of PC1. 

PC1 is designed to have a high gain, typically 3200 V /cycle (at 12,5 kHz). This enables a low noise 
performance. 

Phase comparator 2 

Phase comparator 2 (PC2) has a wide range, which enables faster lock times to be achieved than 
otherwise would be possible. It has a linear± 3600 phase range, which corresponds to a gain of 
typically 5 V/cycle. This digital phase comparator has three stable states: 
- reset state, 
- V' leads R state, 
- R leads V' state. 
Conversion from one state to another takes place according to the state diagram of Fig. 5. 

active R- edge active R - edge 
(negative going) (negative going) 

e=s=e 
active V- edge 
(negative going) 

active V - edge 
(negative going) 

Fig. 5 State diagram of PC2. 

7284477 

Output PC2 produces positive or negative-going pulses with variable width; they depend on the phase 
relationship of Rand V'. The average output voltage is a linear function of the phase difference. 
Output PC2 remains in the high impedance OFF-state in the region in which PC1 operates. The 
resultant phase characteristic is shown in Fig. 6. 
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FUNCTIONAL DESCRIPTION (continued) 

Strobe function 

PC21 average 
output 
voltage 

7Z84478 

Fig. 6 Phase characteristic of PC2. 

./ 

The strobe function is intended for applications requiring extremely fast lock times. In normal 
operation the additional strobe input (STS) can be connected to the V-input and the circuit will 
function as described in the previous sections. 

In single, phase-locked-loop type frequency synthesizers, the comparison frequency generally used is 
either the nominal channel spacing or a sub-multiple. PC2 runs at the higher frequency (a higher 
reference frequency must also be used). whilst strobing takes place on the lower frequency, thereby 
obtaining a decrease in lock time. In a system using the Universal Divider HEF4751V, the output OFS 
cycles on the lower frequency, the output OFF cycles on the higher frequency. 

Out-of-lock function 

There are a number of situations in which the system goes from the locked to the out-of-lock state 
(OL goes HIGH): 
1. When V' leads R, however out of the range of PC 1. 
2. When R leads V'. 
3. When an R-pulse is missing. 
4. When a V-pulse is missing. 
5. When two successive STS-commands occur, the first without corresponding V-signal. 

Phase modulator 

The phase modulator only uses one external capacitor, Cs at pin TCS. A negative-going transition at 
the V-input causes Cs to produce a positive-going linear ramp. When the ramp has reached a value 
almost equal to the modulation input voltage (at MOD), the ramp terminates, Cs discharges and a 
start signal to the CA-ramp at TCA is produced. A linear phase modulation is reached in this way. 
If no modulation is required, the MOD-input must be connected to a fixed voltage of a certain 
positive value up to Voo· Care must be taken that the V' pulse is never smaller than the minimum 
value to ensure that the external capacitor of PC1 (CA) can be discharged during that time. Since the 
V' pulse width is directly related to the TCS ramp duration, there is a requirement for the minimum 
value of this ramp duration. 



Frequency synthesizer 

Reference oscillator 

HEF4750V 
LSI 

The reference oscillator normally operates with an external crystal as shown in Fig. 2. The internal 
circuitry can be used as a buffer amplifier in case an external reference should be required. 

Reference divider 

The reference divider consists of a binary divider with a programmable division ratio of 1 to 1024 and 
a prescaler with selectable division ratios of 1, 2, 10 and 100, according to the following tables: 

• Binary divider • Prescaler 

N (Ao to Ag) division ratio programming word division ratio 
(NSo, NS1) 

0 1024 
0,,;;;; N,,;;;; 1023 N 0 1 

1 2 
2 10 
3 100 

In this way suitable comparison frequencies can be obtained from a range of crystal frequencies. The 
divider can also be used as a 'stand alone' programmable divider by connecting input TRA to Voo, 
which causes all internal analogue currents to be switched off. 

Biasing circuitry 

The biasing circuitry uses an external current source or resistor, which has to be connected between 
the TRA and Vss pins. This circuitry supplies all analogue parts of the circuit. Consequently the 
analogue properties of the device, such as gain, charge currents, speed, power dissipation, impedance 
levels etc., are mainly determined by the value of the input current at TRA. The TRA input must be 
decoupled to Voo, as shown in Fig. 7. The value of Co has to be chosen such that the TRA input is 
'clean', e.g. 10 nF at RA= 68 kS1. 

HEF4750V 

7Z84479 

Fig. 7 Decoupling of input TRA. 
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RATINGS 

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

Supply voltage Voo 

Voltage on any input 

O.C. current into any input or output 

Power dissipation per package 
for T amb = 0 to + 85 oc 

Power dissipation per output 

for T arnb = 0 to 85 °c 
Storage ternperatu re 

Operating ambient ternpernture 

Ptot 

p 

Tstg 

farnb 

-0,5to+15 V 

--0,5 to v00 + 0,5 v 
max. 10 mA 

max. 500 mW 

max. 100 mW 

-65 to+ 150 oc 

-40 to + 85 oc 

D.C. CHARACTERISTICS at Voo = 'ID V ± 5%; voltages are referenced to Vss = 0 V, unless 
otherwise specified; for definitions see note 1. 

parameter 

Quiescent device 
current 

Input current; logic 
inputs, MOD 

Output leakage current 
at Y, Voo 

TCA, hold-state 

TCC, analogue 
switch OFF 

PC2, high 
OFF-state 

Logic input voltage 

syrnbol 

'oo 

± l1N 

± lz 

± lz 

± lz 

LOW VIL 

HIGH V1H 

Logic output voltage 

LOW; at 1101<1 µA Vol 

HIGH 

Logic output current 
LOW; at Vol= 0,5 V 

outputs OL, PC2, 

OUT loL 

output XTAL loL 

668 Octob•,198~ 

100 

1-
300 

20 

20 

50 

+85 unit notes 
min. typ. max. 

- -- - ---- t-----

100 750 µA 2 

300 1000 nA 3 

3,4 

0,05 20 60 nA 

0,05 20 60 nA 

50 500 nA 

50 1- 50 mV 

min. Voo--50 mV ------- rnV 

3 

3 

I 3 

3,6 

1,9 

mA 

mA ~:: = = l ;:: = = 
~------ ---------~-------~---------------------~--~--
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parameter + 25 + 85 •yrnbol [ =<a 
I min. ~:p. max. min. typ. max. min. typ. max. 

Lo~i~Go~~put -c: r;:~ --- - - - -1- -- -------l----------+-----

1 

---------1------1----1 

unit notes 

atVoH=Voo-0,5V I I 3 

outputs OL,PC2,0UT '-10H 1,5 - 1,3 - - 1,0 -

output XTAL 

Output TCC sink 
current 

Output TCC source 
current 

Internal resistance 
of TCC 
joutputswing 1~200 mV 
specified output range: 

-loH 1,4 

lo 

-10 

0,3 v00 to0,7 v00 Ri 

Output TCC voltage 
with respect to 
TCA input voltage 

Output PC1 sink 
current 

Output PC1 source 
current 

Internal resistance 
of PC1 
!output swing I~ 200 m\/ 
specified output range: 

t::.V 

lo 

-10 

o,3 v00 to 0,7 v00 Ri 

Output PC1 voltage 
with respect to 
TCC input voltage 

EOR generation 

VrnR = Voo--VTCA 

Source current; HIGH 

at VouT = % Voo; 
output in ramp mode 

TCA 

TCB 

t::.V 

lo 

lo 

11,2 - - 0,9 -

I- 2,1 -

1,9 -

0,7 -

0 0 0 

1,1 -

1,0 -

1,4 -

0 0 0 

0,9 - 0,7 - 0,6 

13 

2,5 -

mA 

mA 

mA 3,4,5 

mA 3,4,6 

I kn 3,4 

v 3,4,7 

mA 3,4,8 

mA 3,4,9 

- kn 3,4 

v 

v 

mA 

mA 

3,4,10 

3,4, 11 

3,4 

--- ----------'-------- '---------------'------'-----' 
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A.C. CHARACTERISTICS 

General note 

The dynamic specifications are given for the circuit built-up with external components as given in 
Fig. 8, under the following conditions; for definitions see note 1; for definitions of times see Fig. 19; 
Voo = 10 V ± 5%; Tamb = 25 °c; input transition times,,;;; 20 ns; RA= 68 k.11 ± 30% (see also note 4); 
CA= 270 pF; Cs= 150 pF; Cc= 1 nF; Co= 10 nF; unless otherwise specified. 

symbol min. typ. max. unit conditions notes 

Slew rate 
TCA SrcA - 52 - V/µs RA= minimum 12 
TCA SrcA - 28 - I V/µs RA= maximum 12 
TCB srcs - 20 - V/µs RA= minimum 12 
TCB SrcB - 10 - I V/µs RA= maximum 12 

Ramp linearity 
TCA Ire A - 2 - % 13 
TCB Ires - 2 - % 13 

Start of TCA-ramp delay tcscA - 200 - ns 

Delay of TCA-hold tRCA - 40 - ns 

Delay of TCA-discharge tvcA - 60 - ns 

Start of TCB-ramp delay tvcs - 60 - ns 

TCB-ramp duration I trcB - 250 - ns VMOD = 4 V 
trcB - 350 - ns vMoo = 6 v 
trcB - 450 - ns VMOD = 8 V 

Required TCB min. 
ramp duration trcB - 150 - ns 14 

Pulse width 
V: LOW tpwvL - 20 - ns 
V: HIGH tpwvH - 20 - ns 

R: LOW tpWRL - 20 -- ns 
R: HIGH tpwRH - 20 - ns 

STB: LOW tpwsL - 20 - ns 
STB: HIGH tpwsH - 20 - ns 

Fall time 
TCA tfCA - 50 - ns 
TCB tfCB - 50 - ns 

Prescaler input frequency fpR - 30 - MHz all division ratios 

Binary divider frequency fo1v - 30 - MHz all division ratios 

Crystal oscillator frequency fosc - 10 - MHz 

Average power supply current locked state 
with speed-up 1 : 10 Ip - 3,6 - mA 15 
without speed-up Ip - 3,2 - mA 16 



~~~~~F-r_e_q_u-en_c_y_s_y_n_t-he-s-iz_e_r~~~~~~~~~~~~~~~~~~--J 
to Vss or v00 

NSo NS 1 Ao------------Ag 

Voo OUT 

MOD 

R 
PC 1 

HEF4750V 
v 

PC 2 
STB 

Vss OL 

TRA TCA TCB TCC osc XTAL 

7Z84480 

Fig. 8 Test circuit for measuring a.c. characteristics. 

NOTES 

1. Definitions: 
RA =external biasing resistor between pins TRA and V55; 68 kD ± 30%. 

HEF4750V 
LSI 

CA =external timing capacitor for time/voltage converter, between pins TCA and V55. 
Cs =external timing capacitor for phase modulator, between pins TCB and V55. 
Cc = external hold capacitor between pins TCC and V55. 
Co =decoupling capacitor between pins TRA and Voo· 

Logic inputs: V, R, STB, Ao to Ag, NSo, NS1' osc. 
Logic outputs: OL, PC2, XTAL, OUT. 
Analogue signals: TCA, TCB, TCC, TRA, PC1, MOD. 

2. TRA at v 00 ; TCA, TCB, TCC and MOD at V55; logic inputs at V55 or VoD· 
3. All logic inputs at Vss or Voo· 
4. RA connected; its value chosen such that ITRA = 100 µA. 
5. The analogue switch is in the ON position (see Fig. 9). 

lo -
Vss 

analogue 
switch 

7Z84481 

Fig. 9 Equivalent circuit for note 5. 
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NOTES (continued) 

6. The analogue switch is in the ON position (see Fig. 10). 

lo -
7Z84482 

analogue 
switch 

Fig. 10 Equivalent circuit for note 6. 

7. This guarantees the d.c. voltage gain, combined with d.c.-offset. 

8. 

9. 

Input condition: 0,3 Voo <; VTCA <; 0,7 Voo· 
~ v = VTcc-VTcA-

TCA 

7Z84483 

'o -
7 284484 

7284485 

Fig. 11 Circuit for note 7. 

Fig. 12 Equivalent circuit for PC1 
sink current. 

Fig. 13 Equivalent circuit for PC1 
source current. 

10. This guarantees the d.c. voltage gain, combined with d.c.-offset. 
Input condition: 0,3 Voo <; VTcc <; 0,7 Voo· 
~ V = Vpc1 -VTCC· 

TCC 

Fig. 14 Circuit for note 10. 

7284486 V55 

on Dotob" 1980 J 



Frequency synthesizer 

11. Switching level at TCA, generating an EOR-signal, during increasing input voltage. 
12. 

Fig. 15 Waveform at the output. 

13. Definition of the ramp linearity at full swing. 

HEF4750V 
LSI 

Fig. 16 Li.Vis the maximum deviation of the ramp waveform to the straight line, which joins the 
30% v 00 and 70% v 00 points. 

Linearity=~ x 100%. 
'h Voo 

14. The external components and modulation input voltage must be chosen such that this requirement 
will be fulfilled, to ensure that CA is sufficiently discharged during that time. 
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NOTES (continued) 

15. Circuit connections for power supply current specification, with speed-up 1 : 10. V and Rare in the 
range of PC 1, such that the output voltage at PC 1 is equal to 5 V. 
fosc = 5 MHz (external clock) 
fsTB = 12,5 kHz 
fv = 125 kHz 

------------- + 10V 

NSo NS1 Ao------------Ag 

Voo OUT 
division ratio= 40 

+5V MOD 

R 
PC 1 

HEF4750V 

IL v 
PC 2 

IL STB 

Vss OL 

TRA TCA TCB TCC osc XTAL 

7 Z84489 

Fig. 17 Circuit for note 15. 
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16. Circuit connections for power supply current specification, without speed-up. V and Rare in the 
range of PC1, such that the output voltage at PC1 is equal to 5 V. 
fosc = 5 MHz (external clock) 
fsTB = 12,5 kHz 
fv = 12,5 kHz 

.--------.....----...-- + 10V 

NSo NS 1 Ao----------- -- Ag 

Voo OUT 
division ratio= 400 

+5V MOD 

R 
PC 1 

_fl_ v HEF4750V 
PC 2 

_fL STB 

Vss OL 

TRA TCA TCB TCC osc XTAL 

7Z84490 

Fig. 18 Circuit for note 16. 
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v 

R 

STB 

TCA 
(analogue) 

TCB 
(analogue) 

50% 

1----trwR H---1----- trwR L----~1 

50% 

- tpwsH- 1--+-------!-- t PWS L ----~-

50ns-- - l---10ons 

-----------Voo 

tfCA --+---1 

tvcA-- -

tvcs --- -
- ..._tCBCA 

------------Voo 

0,5V 10% 

trcB- -

-1 7Z844 75 

( 1) Forbidden zone in the locked state for the positive edge of V and R and both edges of STB. 

Fig. 19 Waveforms showing times in the locked state. 
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UNIVERSAL DIVIDER 

HEF4751V 
LSI 

The HEF4751V is a universal divider (U.D.) intended for use in high performance phase lock loop 
frequency synthesizer systems. It consists of a chain ot counters operating in a programmable feedbdck 
mode. Programmable feedback signals are generated for up to three external (fast) 710/11 prescaler. 

The system comprising one HE F4751 V U.D. together with prescalers is a fully programmable divider 
with a maxirnum configuration of: 5 decimal stages, a programmable mode M stage (1<M<16, non
decimal fraction channel selection), and a mode H stage (H = 1 or 2, stage for half channel offset). 
Programming is performed in BCD code in a bit-parallel, digit-serial format. 
To accommodate fixed or variable frequency offset, two numbers are applied in parallel, one being 
subtracted from the other to produce the internal programme. 
The decade selection address is generated by an internal programme counter which may run continuous
ly or on demand. Two or more universal dividers can be cascaded, each extra U.D. (in slave mode) adds 
two decades to the system. The combination retains the full programmability and features of a single U.D. 
The U.D. provides a fast output signal FF at output OFF, which can have a phase jitter of± 1 system 
input period, to allow fast freqwmcy locking. The slow output signal FS at output OFS, which is 
jitter-free, is used for fine phase control at a lower speed. 

llU4/b1\/ 

A3 A 2 A 1 /1, 0 OD6 OD5 OD 4 OD 3 OD 2 OD 1 PE 

1 2 TIT1IT1TITIIT?J [sJ T~r 

SUPPLY VOLTAGE 

rating 

-0,5 to +18 

recommended 
operating 

4,5 to 12,5 V 

7Z84464 

Fig. 1 Pi~ning dirigranL 

H EF4751 VP : 28-lead DI L; plastic (SOT 117). 
HEF4751VD: 28-lead DIL;ceramic(cerdip) (SOT-135A). 
HE F4751 VT: 28-lead mini-pack, plastic 

(S0-28; SOT-136A). 

loo LIMITS category LSI 
l see Family Specifications 

FAMILY DATA 
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4 3 2 1 15 11 10 9 8 7 6 5 13 12 
PE 

4 
SI OD0 ----- ---- ---- ---- --- ---- OD 6 PC 

16 Bo 

17 B1 

4 

20 IN 

21 OsY 

SUBTRACTOR C ~ -----1 

l 

D 0 
CARRY FF 

LATCH 
LATCH 

"ms 
------- t---------1 

cob f--!-+ c1 
PRESCALER f--+-

+ 1, 2, 5, 10/11 I+ +nm/nm 5+1 

0 } __ 9 __ ----) 
~ RS 9 

switches 

12s 

PROGRAMME DECODER 

C2 

LATCH 

M 

C3 

PROGRAMME 

COUNTER 

l 180 
LATCH 

H 
1------

C4 
OFS 2 5 1 + M t-f+1 + H f-+-t=-1i O l ~4 l'---+-t--+--+--+----+---O--tF~F--1--2_7 

RS4 I 
i LATCH] 

l "4 

ill i 4 

RS3 1 
i LATCHJ 

l n3 

II I 4 

RS1 

LATCH 

"1 

RSO 

LATCH 

"o 

l+---1 RSH 

s, ----
'--+I LATCH 

d5-+ "h +-a, do+ ,_ ___ __. ~-~~---' 

7Z84471 

Fig. 2 Block diagram. 
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0 
~ 
0 
O'" 
~ 

co 
CXl 
0 

m 
~ 
<.O 

input 
(fi) 

C-2 

710/11 

~ C-1 I-- coa 
} IN 
-y cob I-- C1 C2 C3 

' f---+--" 1--4- f---+--" 
710/11, losv 71, 2, 5, 7n 5 / 

I-+-- 710/11 1--+-1 5/6,2/3 "'J ~ 10/11 r-- n 5+1 710 7M 

I 
t~ ~ 11 
: 710/11 

RS4 I 

I I 
I 
I 

I I n4 I 
I ' 
I I n I 
I ' 
: I RS3 

L 'OFB3 --- -r 
' n3 

I TT ' 

I RS2 
'OFB2 

: .... 

I 
n2 

' TTT I ' ' RS1 RSO 
J_OFB 1 f-+-l f-+-1 y 

EXTERNAL PRESCALER I UNIVERSAL DIVIDER n1 no 

' 

Fig. 3 The HEF4751V U.D. used in a system with 3 (fast) prescalers. 

1 < M < 16; 1 < H < 2; % > 0; f/foFS = {(n5 · 104 + n4 · 103 + n3 · 102 + n2 · 10 + n1) M +no} H + nh. 

C4 

I--< 
7H 

RSH 

r--
nh 

7Z84469 

OFF I 

OFS I 

RI 

c 
:i 
<" 
Cl) _, 
"' ~ 
c.. 
;;::· 
a: 
~ 

I 
m 

r "Tl 
en ~ 
- ....i 

()1 ....... 
< 
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PC 

PE 

ODo 

OD 1 

OD2 

OD3 

OD4 

OD 5 

OD6 
I data valid 

(shaded) ~ 
fetch period 61 

1 

~I 

Fig. 4 Timing diagram showing programme data inputs. 

Allocation of data input 

fetch inputs 
period - -

A1 Ao ~ B2 B1 Bo A3 A2 

0 no A nos 
1 n1A nm 
2 n2A n2B 
3 n3A n3B 
4 n4A n4B 
5 n5A n5B 

6 M cob l y, channel 
control control 

Allocation of data input B3 to Bo during fetch period 6 

B3 
-

cob division ratio B2 
-
B1 

L L 1 L 
L H 2 L 
H L 5 H 
H H 10/11 H 

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

680 Octob" 1980 I 

Bo 

L 
H 
H 
L 

SI 

bin 
x 
x 
x 
x 
x 
x 

Y, channel configuration 

H=1 
H = 2; % = 0 
H = 2; % = 1 
test state 

7Z84467 



Universal divider 

PROGRAMME DATA INPUT (see also Figs 3 and 4) 

HEF4751V 
LSI 

The programming process is timed and controlled by input PC and PE. When the programme enable 
(PE) input is HIGH, the positive edges of the programme clock (PC) signal step through the internal 
programme counter in a sequence of 8 states. Seven states define fetch periods, each indicated by a 
LOW signal at one of the corresponding data address outputs (ODo to OD5). These data address 
signals may be used to address the external programme source. The data fetched from the programme 
source is applied to inputs Ao to A3 and Bo to B3. When PC is LOW in a fetch period an internal load 
pulse is generated, the data is valid duri"ng this time and has to be stable. When PE is LOW, the 
programming cyclus is interrupted on the first positive edge of PC. On the next negative edge at input 
PC fetch period 6 is entered. Data may enter asynchronously in fetch period 6. 

Ten blocks in the U.D. need programme input signals (see Fig. 2). Four of these (COb, C3, C4 and RSH) 
are concerned with the configuration of the U.D. and are programmed in fetch period 6. The remaining 
blocks (RSO to RS4 and C1) are programmed with number P, consisting of six internal digits no to n5. 

P = (n5 · 104 + n4 · 103 + n3 · 102 + n2 · 10 + n 1) · M + no 

These digits are formed by a substractor from two external numbers A and Band a borrow-in (binl· 

P = A - B - bin or if this result is negative; P = A - B - bin+ M · 105 . 

The numbers A and B, each consisting of six four bit digits noA to "SA and "OB to "SB· are applied in 
fetch period 0 to 5 to the inputs Ao to A3 (data A) and Bo to B3 (data B) in binary coded negative 
logic. 

A= (nsA . 104 + "4A . 103 + "3A . 102 + "2A . 10 + n 1 Al . M + "OA· 

B = (n5B. 104 + "4B. 103 + "3B. 102 + "2B. 10+ nm). M +"OB· 

Borrow-in (binl is applied via input SI in fetch period 0 (SI= HIGH: borrow, SI = LOW: no borrow). 

Counter C1 is automatically programmed with the most significant non-zero digit (nmsl from the 
internal digits n5 to n2 of number P. The counter chain C - 2 to C1 (see Fig. 3) is fully programmable 
by the use of pulse rate feedback. 

Rate feedback is generated by the rate selectors RS4 to RSO and RSH, which are programmed with 
digits n4 to no and "h respectively. In fetch period 6 the fractional counter C3, half channel coun~er 
C4 and cob are programmed and configured via data B inputs. Counter C3 is programmed in fetch 
period 6 via data A inputs in negative logic (except all HIGH is understood as: M = 16). The counter 
CO is a side steppable 10/11 counter composed of an internal part COb and an external part COa. COb 
is configured via B3 and B2 to a division ratio of 1 or 2 or 5 or 10/11; COa must have the complementary 
ratio 10/11 or 5/6 or 2/3 or 1 respectively. In the latter case cob comprises the whole CO counter 
with internal feedback, COa is then not required. 

The half channel counter C4 is enabled with Bo= HIGH and disabled with Bo= LOW. With C4 
enabled, a half channel offset can be programmed with input B1 = HIGH, and no offset with B1 =LOW. 
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FEEDBACK TO PRESCALERS (see also Figs 5 and 6) 

The counters C1, CO, C-1 and C-2 are side-steppable counters, i.e. its division ratio may be increased by 
one, by applying a pulse to a control terminal for the duration of one division cycle. Counter C2 has 
10 states, which are accessible as timing signals for the rate selectors RS1 to RS4. A rate selector, 
programmed with n (n1 to n4 in the U.D.) generates n of 10 basic timing periods an active signal. Since 
n.;;; 9, 1 of 10 periods is always non-active. In this period RS1 transfers the output of rate selector RSO, 
which is timed by counter C3 and programmed with no. Similarly, RSO transfers RSH output during 
one period of C3. Rate selector RSH is timed by C4 and programmed with%· In one of the two states 
of C4, if enabled, or always, if C4 is disabled, RSH transfers the LOW active signal at input ITT to RSO. 
If RT is not used it must be connected to HIGH. The feedback output signals of RS1, RS2 and RS3 are 
externally available as active LOW signals at outputs OFB1, OFB2 and OFB3. 

Output OFB1 is intended for the prescaler at the highest frequency (if present), OFB2 for the next 
(if present) and OFB3 for the lowest frequency prescaler (if present). A prescaler needs a feedback 
signal, which is timed on one of its own division cycles in a basic timing period. The timing signal at 
OSY is LOW during the last U.D. input period of a basic timing period and is suitable for timing of the 
feedback for the last external prescaler. The synchronization signal for a preceding prescaler is the 0 R
function ofthesync. input and sync. output of the following prescaler (all sync. signals active LOW). 

IN" 

C-1 
710/11 

OUT" 

S" PE" 

I 
I 
I 
I 

,,---~_J 

---( I 
...... \------... __ .... 

IN' 
IN 0 UT' ,__....__..____. 

S' PE' 

OSY 

OFB 1 

RS 
switch 

UNIVERSAL DIVIDER 

Fig. 5 Block diagram showing feedback to prescalers. 
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C2 

RS4 

RS3 

RS2 

RS1 
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IN' 

{
co 

(1) 

C00 

IN, OUT' 

PE' 

OFB 2 

OSY 

s· 

SY' 

OFB 1 

PE" 

C....,1 (l l 

b.t.p.(n-1) basic timing period (n) b.t.p.(n+l) 

------------- +10 --------------<~-.--- + 10 
+11 

(1) scaling factor 7Z84468 

Fig. 6 Timing diagram showing signals occurring in Fig. 5. 
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CASCADING OF U.D.s (see also Fig. 8) 

A U.D. is programmed into the 'slave' mode by the programme input data: n2A = 11, n2B = 10, 
n3A = n4A = n3B = n4B = n5B = 0. A U.D. operating in the slave mode performs the function of two 
extra programmable stages C2' and C3' to a 'master' (not slave) mode operating U.D. More slave U.D.s 
may be used, every slave adding two lower significant digits to the system. 

Output OFB3 is converted to the borrow output of the programme data subtracter, which is valid after 
fetch period 5. Input SI is the borrow input (both in master and in slave mode), which has to be valid 
in fetch period 0. Input SI has to be connected to output OFB3 of a following slave, if not present, to 
LOW. For proper transfer of the borrow from a lower to a higher significant U.D. subtractor, the U.D.s 
have to be programmed sequentially in order of significance or synchronously if the programme is 
repeated at least the number of U.D.s in the system. 

Rate input RT and output OFS must be connected to rate output 6-F81 and the input IN of the next 
slave U.D. The combination thus formed retains the full programmability and features of one U.D. 

OUTPUT (see also Fig. 7) 

The normal output of the U.D. is the slow output OFS, which consists ot evenly spaced LOW pulses. 
This output is intended for accurate phase comparison. If a better frequency acquisition time is 
required, the fast output OFF can be used. The output frequency on OFF is a factor M · H higher than 
the frequency on OFS. However, phase jitter of maximum ±1 system input period occurs at OFF, 
since the division ratio of the counters preceding OFF are varied by slow feedback pulse trains from 
r;>tJ~ selectors following OFF. 

OFS LJ LJ 
F ~-------------~ 

- -J:~-----==----- (M·H) pulses ------------------------.1- n 7z 8a 4• 4.--:6 c5 

Fig. 7 Timing diagram showing output pulses. 
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00 
0 
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Cl) 
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IN 

Ao to A3 B0 to B3 
PC PE ~ ~ PC' PE' 

r- --- -- -- ~R-o=~=---TI r
1
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SI I/ BORROW BORROW 
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DATA 
SUBTRACTOR LATCH 

OFS I IN' 

OFF I 

Ao' to A3' Bo' to B3' 
,->----.., ~ 

DATA 

SUBTRACTOR 

----, 

SI' 

OFS' 

~----------o OFF' 

'OFB2' 

Rt i OFB 1' 

g 
~ 

MASTER UNIVERSAL DIVIDER SLAVE UNIVERSAL DIVIDER 

; (n 2A <9 ;n28 ~9) I (n 2A = 11, n28 =10) : 
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7 Z844 70 

Fig. 8 Block diagram showing cascading of U.Ds. 

Ri' 

c 
::I 
;z· 
~ 
91. 
0.. 
;z· 
c: 
~ 

I m 
"Tl 

r .,i::.. 
~ -...,J 

(J1 
~ 

< 



HEF4751V 
LSI 

D.C. CHARACTERISTICS Vss = 0 v 

Voo VoH Vol symbol 
-40 

v v v min. max. 

Output (sink) 4,75 0,4 1,6 
current LOW 5 0,4 loL 1,7 

10 0,5 2,9 

Output (source) 5 4,6 1,0 
current HIGH 5 2,5 -loH 3,0 

10 9,5 3,0 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; input transition times.;; 20 ns 

parameter Voo symbol min. typ. max. v 

Propagation delay 5 
tPHL 

135 270 
IN - OSY 10 45 90 

HIGH to LOW 

Output transition 
times 

5 30 60 
HIGH to LOW tTHL 10 12 25 

LOW to HIGH 5 
tTLH 

45 90 
10 20 40 

Maximum input 5 
fmax 

4 8 
frequency; IN 10 12 24 

Maximum input 5 
fmax 

2 4 
frequency; IN 10 6 12 

Maximum input 5 
fmax 

0,15 0,3 
frequency; PC 10 0,5 1,0 

Voo typical formula for P (µW) v 

Dynamic power 
dissipation per 5 1 200 fi + L(foCL) x Voo 2 

package (P) 10 5400 fi + L(foCL) x Voo 2 
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Tamb (OC) 
+25 +85 

min. max. min. max. 

1,4 1, 1 mA 
1,5 1,2 mA 
2,7 2,2 mA 

0,85 0,55 mA 
2,5 1,7 mA 
2,5 1,7 mA 

unit 

ns CL=10pF 
ns 

ns CL= 50 pF 
ns 

ns CL= 50 pF 
ns 

MHz ( 8 = 50% 
MHz cob ratio> 1 

MHz ( 8 =50% 
MHz cob ratio= 1 

MHz 
MHz 

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL = load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 



HEF4752V 
LSI 

A.G. MOTOR CONTROL CIRCUIT 

The HEF4752V is a circuit for a.c. motor speed control utilizing LOCMOS technology. The circuit 
synthesizes three 120° out of phase signals, of which the average voltage varies sinusoidally with time 
in the frequency range 0 to 200 Hz. The method employed is based upon the pulse width modulation 
principle, in order to achieve a sufficient 9ccuracy of the output voltages over the whole frequency 
range. A pure digital waveform generation is used. 

All outputs are of the push-pull type. Inputs and outputs are protected against electrostatic effects in a 
wide variety of device-handling situations. However, to be totally safe, it is desirable to take handling 
precautions into account. 

PINNING 

OBC1 28 Yoo Inputs; group I Inputs; group II 

24 = L data 12 = FCT frequency clock 

OBM2 27 OBC2 
25 =I data 17 = VCT voltage clock 

7 = K data 4= RCT reference clock 

OB Ml 26 VAV 
5= cw data 6 =OCT output delay 

13 =A data clock 
15 = B data 

RCT 25 16 = c data 

CW 5 L Outputs; group I 

23 = RSYN R-phase synchronization 
OCT 6 RSYN 26 = V AV average voltage 

18 =CSP current sampling pulses 
K 7 HEF4752V OYM1 

Outputs; group 11 

ORM1 8 OYM2 8 = ORM 1 R-phase main 
9 = OAM2 A-phase main 

ORM2 9 OYC1 10 = OAC1 A-phase commutation 
11 = OAC2 A-phase commutation 

ORC1 OYC2 22 = OYM1 Y-phase main 
21 = OYM2 Y-phase main 

ORC2 CSP 
20 = OYC1 Y-phase commutation 
19 = OYC2 Y-phase commutation 

FCT 12 VCT 
3 = OBM1 B-phase main 
2 = OBM2 B-phase main 
1 = OBC1 B-phase commutation 

A 13 c 27 = OBC2 B-phase commutation 

Vss 14 B SUPPLY VOLTAGE 

7Z75992 rating recommended 
operating 

Fig. 1 Pinning diagram. 
HEF4752V -0,5 to 18 4,5 to 12,5 V 

HEF4752VP: 28-lead DI L; plastic (SOT-117). 
HEF4752VD.: 28-lead DI L; ceramic (cerdip) (SOT-135A). FAMILY DATA see Family Specifications 
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en 
00 
00 

I 
D.C. CHARACTERISTICS Vss = 0 v 

m ..,, 
-·--·----,--~------r-----------

I _ ,_ ••• __ f ,:,, r u-'°'"';'"' 

r- .f::>. 
0 I T b (OC) S!? ---.! 
Cl ... I Voo ~--------- am (J1 
0 

parameter I V , symbol I . --40 I . + 25 f\) 
O"" 
~ I i I min. _,_., I ~-- ~"" < 
~ 

co f---·---------~----'-----+- --+--
co I I I . 
0 . . .. - I 5 I -- 50 50 -· 375 µA l all valid input combinations; 

Qu1escentdev1cecurrent • 10 I loo _ lOO 100 750 µA j V1=Vs5orVoo 

Input leakage current 10 i ± l1N - - 0,3 1 µA Vi= 0 or 10 V 

Input voltage HIGH I 
5 1 3,5 -- 3,5 - 3,5 v 

} inputs: group I 
10 I V1H I 1,0 - 7,0 7,0 v 

! 
Input voltage LOW 

5 
i V1L I 1,5 1,5 1,5 v 

) inputs: group I 
10 I - 3,0 - 3,0 3,0 v 

i I 
I I 

1 5 I I 4,95 4,95 4,95 v 
Output voltage HIGH I VoH f V1=V55orVoo; !10 I <_1 µA 10 

I 
9,95 9,95 9,95 - v 

Output voltage LOW 
5 0,05 - 0,05 0,05 v 

} Vi= Vss or Voo; I 'o I < 1 µA 10 I voL - 0,05 0,05 - 0,05 v 

Input tripping level; 5 
I Vti 

1,5 4,0 1,5 4,0 1,5 4,0 v 
} inputs: group 11 

input voltage increasing 10 3,0 8,0 3,0 8,0 3,0 8,0 v 

Input tripping level; 5 
Vtd 

1,0 3,5 1,0 3,5 1,0 3,5 v 
) inputs: group 11 

input voltage decreasing 10 2,0 7,0 2,0 7,0 2,0 7,0 v 

Output current LOW 
5 0,45 0,38 - 0,3 mA VoL=0,4V l outputs: groups I 

10 loL 1,4 1, 17 0,9 - mA Vol= 0,5 V I and 11 

Output current HIGH 

I 

5 0,3 0,25 0,2 - mA VoH=4,6V , 
10 -loH 0,9 - 0,75 0,6 mA VoH=9,5V f outputs: group I 

Output current HIGH 5 -loH 0,9 0,75 0,6 mA VoH = 2,5 V; outputs: group I 

Output current HIGH 

I 

5 
-loH 

0,6 0,5 0,4 mA VoH=4,6V} outputs: group 11 
10 1,8 1,5 - 1,2 mA VoH=9,5V 

Output current HIGH 5 -loH 1,8 - 1,5 1,2 mA VoH = 2,5 V; outputs: group II 

{ loL = loH = 0; frequency applied to 
Total supply current 10 I ltot I typ. 2 I - mA I inputs; FCT = 700 kHz; VCT = 400 kHz; 

RCT = 400 kHz 



A.C. motor control circuit J 
---

APPLICATION INFORMATION 

HEF4752V 
LSI 

Figure 2 shows the functional block diagram of a 3-phase a.c. motor speed control system using a 
thyristorized inverter with variable frequency output. The inverter control signals are generated by 
the HEF4752V (PWM-IC). A special feature of the PWM (Pulse-Width Modulation) - IC is here, that 
the motor is supplied by sinnoidally modulated pulses, hence the resulting motor current will approach 
a sine-wave with a minimum on higher harmonics. In this way, an optimum speed drive with high per
formance is obtained. 
Furthermore. the HEF4752V contains all logic circuitry rP.<]IJirf'rl for this 5f1Pri~I '"'""Pfnrrn '.J1>neratinn, 

so that the amount of control circuit components is reduced considerable. The speed drive system in 
Fig. 2 is controlled by the analogue control section. 
The FCT and VCT clock pulse oscillators are driven in such a way, that a fast response speed control 
of the a.c. motor is obtained, depending on: the reference values for speed; motor voltage; motor cur
rent (Limited by the measured motor current via DCCT - d.c. current transformer-); the increasing 
value of V Cb during braking action. 

INVERTER 

FILTER RECTIFIER SMOOTHING 

3-phase r1= * 
CAPACITOR Vcb 

B -@ mains $Cb T T 3-phase 
rv 

!Vcb 

~'15V +12V DCCT 

Vm f -12V 
OCT 

* 
RTC 

M/G 
+ PWM-IC 

FCT 
ANALOGUE HEF4752V 

Nref 
CONTROL VCT 

CW/CCW 

Im ref 
I * m 

7Z82749 

Fig. 2 PWM motor speed control system using HE F4 752V. 

MORE APPLICATION INFORMATION SUPPLIED ON REQUEST 
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UNIVERSAL TIMER MODULE 

The HEF4753B is a universal timer module for counting and dividing as well as for event-recognition 
and manipulation of input sequences. 
The following functions are included: synchronization and edge-detection of the input signal, program
mable counter, clock divider with different lengths, operating mode decoder, control logic and output 
multiplexer. 
Depending on the operating mode and the application, the circuit works as a presettable 8-bit counter 
with transient-pulse suppression, pulse duration selector divider, counter, positive or negative edge 
delaying module or low-frequency control circuit. 
All manipulation possibilities depend on a time scaling, which is adjustable by the 8-bit programmable 
counter and the system clock. The system clock can be divided internally by 1, 16, 256 or 4096 as 
input clock for the counter. In all cases the manipulated input sequence appears at the only output OUT. 

Jg J1s 

PREDIVIDERS Vss vDD 

17 CP 

81:~~ 6:1 256:1 4096:1 

I 1~ 
w 16 

MULTIPLEXER x 15 

1 l ]_ 
41 SYNCHRONIZATION EVENT 8-BIT 

14 IN 
AND I-+ FLIP- I+-- PROGRAM MAB LE 

EDGE-DETECTION FLOPS COUNTER 

~ LFC I T 
r l;L. + 

12 MODE SWITCH 

~ 
OUTPUT MULTIPLEXER 

.!.!.. 
JouT A B c D E F G H 

110 1 2 3 4 5 6 7 8 
7283573 

Fig. 1 Functional diagram. 

FAMILY DATA l 
see Family Specifications 

loo LIMITS category LSI 
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18 17 16 13 

Voo CP w x IN LFC y z OUT 

HEF47538 

A B c D E F G 

2 3 6 

7283563 

Fig. 2 Pinning diagram. 

FUNCTION TABLES 

inputs 

LFC y 
t-

L L 

L H 

H H 

H L 

H H 

L H 

LFC L 
_______ _J _______ 

--·---.,--

z 
H 

L 

L 

H 

H 

H 

L 

operating mode 

counter 

divider 

delayed LOW to HIGH ed 

delayed HIGH to LOW ed 

ge 

ge 

transient pulse suppression 

frequency recognition 

digital pulse duration selec tor 
·--·--···------

HEF4753BP: 18-lead OIL; plastic 
(SOT-102). 

HEF4753BD: 18-lead DI L; ceramic (cerdip) 
(SOT-133). 

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

Programmable 8-bit counter * 12-bit predivider 

inputs 
active LOW 

A 
B 
c 
D 
E 
F 
G 
H 

value 

1 
2 
4 
8 

16 
32 
64 

128 

FUNCTIONAL DESCRIPTION 

Clock divider and decoder 

w x clock for programmable counter 
CP/X 

L L X=1 

L H x = 16 

H L x = 256 

H H x = 4096 

* All inputs A to H HIGH is not allowed. 

The clock signal at input CP is, at its original frequency, the system clock, but it also drives the 
programmable counter. The counter input frequency can be predivided by the factors 1 /16, 1 /256 and 
1/4096, depending on the logic state of inputs Wand X (according to the function tables above). 

8-bit programmable counter 

The 8 inputs A to H are the set inputs of the 8 counter flip-flops. The setting is triggered by an edge of 
the input signal (at input IN) depending on of the chosen mode. 
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Universal timer module j 
---

Event flip-flops, synchronization and edge-detection 

HEF4753B 
LSI 

The event flip-flops are used to recognize the positive and/or negative edge of the input signal at IN. 
Parts of the flip-flops are used together with the programmable 8-bit counter as a retriggerable mono-flop, 
which defines the time scaling for event recognition. 
The input IN is synchronized by the clock signal CP. 

Mode switch and output multiplexer 

This fu1u.:liu11 ~wil,;lie~ Lht: chusen outµut to the outµut (OUT) and gives the mode of which the edge 
at input IN has to be detected. The inputs Z, Y and LFC give 7 modes +1, that means in mode 'Digital 
Filter' the input LFC can be HIGH or LOW. 

OPERATING MODES 

The circuit has 6 operating modes which are activated by the logic state of inputs LFC, Y and Z. An 
extra mode is possible by using two circuits which are connected such so they function as a digital 
band-filter. 

1. Counter mode (LFC =LOW; Y =LOW; Z =HIGH) 

In this mode the output OUT should be connected to input IN. If not, only one counter cycle starts 
after a transition at input IN (see Fig. 3 and note 1 ). 

Fig. 3 Timing diagram for counter mode; t1 =delay until set of 8-bit counter; 
t2 =delay to set 8-bit counter; t3 =predefined delay by programming. · 
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OPERATING MODES (continued) 

2. Divider mode (LFC =LOW; Y =HIGH; Z =LOW) 

In this mode the output OUT should be connected to input IN. If not, only one counter cycle starts 
after a transition at input IN (see Fig. 4 and note 1 ). 

ABCDEFGH 

L L H H H H H H 

CP 

IN 

OUT 

--

W X LFC Y Z 

L L L H L 

CP 

IN 

17 
HEF4753B 10 

14 
OUT 

7283564 

Fig. 4 Timing diagram for divider mode; t1 =delay until set of 8-bit counter; t2, tJ see Fig. 3. 

3. Delayed LOW to HIGH edge mode; see note 2 (LFC =HIGH; Y =HIGH; Z =LOW) 

A B c D E F G H w x LFC y z CP 17 
HEF4753B 10 OUT 

H L H H H H H H L L H H L IN 14 
7 283564 

CP 

IN 

OUT 

-t3-l -- l.-t5 7283566 

-- --t2 -- __ t4 

--1 --t1 

Fig. 5 Timing diagram for delayed LOW to HIGH edge mode; t1 =delay until set of 8-bit counter; 
t2 = delay to set 8-bit counter; t3 = predefined delay by programming; t4 = delay until next negative 
clock edge; ts= delay until next positive clock edge. 
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4. Delayed HIGH to LOW edge mode; see note 2 (LFC =HIGH; Y =LOW; Z =HIGH) 

A B c 

H L H 

D E F G H w x LFC y z CP 17 
HEF4753B 10 

H H H H H L L H L H IN 14 

CP 

IN 

OUT 

-- l--t5 ,1283569 

-- .._t4 -- --t2 
--1 --t1 

Fig. 6 Timing diagram for delayed HIGH to LOW edge mode; for tl to t5 
see Fig. 5. 

5. Transient pulse suppression and pulse delaying mode; see note 2 (LFC = Y = Z =HIGH) 

OUT 

7283564 

In this mode the circuit is working as a digital low-pass filter. An undisturbed pulse will only be delayed 
(see Fig. 7). 

A B C D E F G H W X LFC Y Z 

L L H H H H H H L L H H H 

CP 

IN 

OUT 

-t3--I 
-- --t2 

--1 --t1 

CP 

IN 

17 
HEF4753B 10 

14 

7283567 

Fig. 7 Timing diagram for transient pulse suppression and pulse delaying mode; 
for tl, t2 and t3 see Fig. 5. 

OUT 

7283564 
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OPERATING MODES (continued) 

6. Frequency recognition mode (LFC = LOW; Y =HIGH; Z =HIGH) 

The incoming signal must be symmetrical within the limits as given by the specified delay time in note 2, 
to achieve lower or higher frequency detection (see Fig. 8). 

A B c D E F G H 

I~ 
x I L:C 

y z CP 17 

L H L H H H 
HEF4753B 10 OUT 

H H L H H IN 14 
7Z83564 

Minimum dividing number is 3. 

CP 

IN 

OUT 

-tx-1 -tx_____. t3 

-- -- t2 

7Z83571 
--1--t1 

ty 

Fig. 8 Timing diagram for frequency recognition mode; tx =time shorter than t3 (OUT= H); ty =time 
greater than t3 (OUT= L); for t1, t2 and t3 see Fig. 5. 

7. Digital pulse duration selector mode (Y = Z = LOW) 

This mode is a combination of two circuits, both used for frequency recognition. Both circuits are 
driven by the same clock and same input signal, but programmed for different frequencies. The LFC 
input of the low-frequency circuit is set to logic LOW, the output is connected to the LFC input of the 
high-frequency circuit, whose output (OUT) is the 'filter' output. The delay time depends on the same 
facts as given in note 2. For timing diagram see Fig. 9. 

A B c D E F G H w x LFC y z 

L L L H H H H H L L L H H IC1 

L L H H H H H H L L OUT L L IC2 
(IC1) 

Minimum dividing number is 3. 

CP 17 
HEF4753B 10 

IN 14 IC1 

LFC 

17 13 

HEF4753B 10 OUT 
14 IC2 

7Z83565 
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CP 

IN 

OUT 

LOW 

IN 

OUT 

IN 

~~-+~+-~~~~~~ 

-t2-l 

---------- t1N 3> t 1 --------

HEF47538 
LSI 

Fig. 9 Timing diagram for digital pulse duration selector mode; t1N1, t1 N2 and t1 N3 are the IN input 
pulse durations; t1 =predefined delay by programming IC1; t2 =predefined delay by programming IC2. 

Notes to operating modes 

1. The number of clocks for one cycle in the counter and divider mode is: 
a. Contents of programmable counter plus one if X = W = LOW. 
b. Contents of programmable counter multiplied by 16, 256 or 4096 if X and/or W = HIGH. 

2. The delay in the modes 3, 4, 6 and 7, and the delay which is identical to the maximum duration of 
the transient pulse in mode 5 depend on the optional divided clock frequency, the input conditions 
of the 8-bit presetable counter and in addition, different times of propagation delays, jitter and 
maximum one half of a clock frequency period. 
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D.C. CHARACTERISTICS 

v55 = o v 

Voo 
v 

Output (sink) 4,75 
current LOW 10 
(pin 10) 15 

Output (source) 5 
current HIGH 10 
(pin 10) 15 

A.C. CHARACTERISTICS 

VoH Vol symbol v v 

0,4 
0,5 loL 
1,5 

4,6 
9,5 -loH 

13,5 

Tamb (OC) 

-40 +25 +85 
min. max. min. max. min. max. 

2,7 - 2,3 - 1,8 - mA 
9,5 - 8,0 - 6,3 - mA 

24,0 - 20,0 - 16,0 - mA 

0,6 - 0,5 - 0,4 - mA 
1,8 - 1,5 - 1,2 - mA 
6,0 - 5,0 - 4,0 - mA 

V55 = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times< 20 ns 

Voo symbol min. typ. max. typical extrapolation 
v formula 

Propagation delays 5 420 850 ns 

CP - OUT 10 tPHL 180 360 ns 

HIGH to LOW 15 120 250 ns 

5 450 900 ns 
LOW to HIGH 10 tpLH 200 400 ns 

15 140 280 ns 

Output transition 5 30 60 ns 

times 10 tTHL 15 30 ns 
HIGH to LOW 15 10 20 ns 

5 60 120 ns 

LOW to HIGH 10 tTLH 30 60 ns 
15 20 40 ns 

Input rise and 5 I fall times 10 tr,tf 
I 

no limit 
pins 13, 14, 17 15 

Maximum clock 5 3 6 MHz 

pulse frequency 10 fmax 7 14 MHz 

pin 17; o = 50% 15 8 17 MHz 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f 0 =output freq. (MHz) 

Dynamic power 5 1 800 fi + L (foCL) x Voo 2 CL= load capacitance (pF) 
dissipation per 10 8000 fi + L (foCL) x Voo 2 L (f0 CL) =sum of outputs 
package (P) 15 19000fi + L (foCL) x Voo 2 Voo =supply voltage (V) 
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18-ELEMENT BAR GRAPH LCD DRIVER 

The HE F4754V drives an 18-element bar graph LCD in linear relation to the control voltage (V cl in a 
pointer or thermometer mode. 

27 Vref max 

o, 6 

02 7 

03 8 

04 9 

05 10 

05 11 

07 12 

LATCH Os 13 

26 Vref min AND Og 14 
DIVIDER 

010 
25 Ve CIRCUITRY 15 

vDD 
011 16 

r1i 012 17 
I I 

013 I I 18 
y Vose 

OSCILLATOR CP 0 14 19 
...L. 

0 15 I 20 

~ 015 21 
Vss 

1 , 4 017 22 

3 '2 MODE 018 23 

2 13 SELECTOR OR 24 

7Z85217 

Fig. 1 Functional diagram. 

FAMILY DATA see Family Specifications 
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700 

Vose vDD 

13 Vref max 

12 Vref min 

I 1 Ve 

Vss OR 

01 01a 

02 017 

HEF4754V 
03 21 015 

04 9 20 015 

05 10 19 014 

06 013 

07 012 

Os 011 

09 010 

7Z85215 

Fig. 2 Pinning diagram. 

FUNCTION TABLE 

I 1 12 13 mode 

L L x pointer; 18 bars 
L H x pointer; 9 bars 

PINNING 

Vose 
Ve 
Vref min 
Vref max 

I 1 

oscillator terminal 
control voltage input 

reference voltage inputs 

thermometer/pointer 
(choice select input) 

peak value; reset/9 or 18 bars 
(choice select input) 

reset; repetitively reset 
(choice select input) 

bar outputs 

back plate output 

HEF4754VP: 28-lead DI L; plastic (SOT-117). 
HEF4754VD: 28-lead DI L; ceramic (cerdip) SOT-135A). 
HEF4754VT: 28-lead mini-pack; plastic 

(S0-28; SOT-136A). 

H L x thermometer; no peak value 
H H L thermometer; peak value, repetitively reset 
H H H thermometer; peak value, manually reset 

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



18-element bar graph LCD driver 

GENERAL DESCRIPTION 

HEF4754V 
LSI 

The HE F4754V drives an 18-element bar graph LCD in linear relation to the control voltage (V cl in a 
pointer or thermometer mode. The first bar lights up when V c is smaller than VT(bar)2 (see equation 
[3] below). 

In the pointer mode, the circuit can drive 9 or 18 bars; in the thermometer mode, the circuit also 
drives the peak value indication. This can be reset or repetitively reset, after 1,5 to 2 seconds. 

The circuit has analogue and digital parts. The analogue part consists of 17 comparators, with their 
non-inverting inputs connected together and coupled to the control input V c· The inverting inputs of 
the comparators are connected in succession to the nodes of an 18-part resistor divider. The distance 
between the switching levels of the comparators is defined by the voltage difference across this divider. 
The extremities of the resistor divider are coupled via high-input amplifiers to the maximum reference 
voltage input and the minimum reference voltage input. 

The digital part has one reference output (OR) to drive the back plate, and 18 outputs (01 to 018) to 
drive each bar. Three latches and some gates are incorporated for each bar output. An on-chip oscillator 
( 1024 Hz) with external R and C drives the circuit. The outputs are driven at 64 Hz. The select inputs 
I 1 to 13 are provided with an on-chip pull-up element, and they may therefore be left floating (equals 
HIGH state). 

LINEARITY 

Voo = 10 V; Vref max= 9,5 V; Vref rnin 0,5 V; Tamb = 25 °c 
6V1 = 250 mV (this is the tolerance of the step voltage). 

Vstep=Vstep'+6V1 [1] 

Vstep' is the (internal) voltage drop across the resistor-ladder network. 

(Vref max± 6V2) -- (Vref min± AV2) 
V step' = ---- 18 [2] 

6V2 is the maximum offset voltage spread of the on-chip voltage follower. 

6V2 = 250 mV. 

The Ii nearity is guaranteed for Vo o > 10 V. 
The monotony between Vo o = 5 V and 10 V is guaranteed. During ramping-up of the input voltage 
a maximum of two bars might be activated simultaneously. 

ABSOLUTE VOLTAGE TRIGGER LEVEL 

The absolute voltage trigger level at the Ve pin is VT(bar)n; 

VT(bar)n = (Vrefmin ± LiV2*) + { (n-1) Vstep' ± 6V1 }, in which [3] 

n =number of bars; 2,,;;: n,,;;: 18. 

For n = 1 (first bar) see text above. 

* For 6 V2 the same sign(+ or---) should be used as in equation [2]. 
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RATINGS 

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

Supply voltage Voo 

Voltage on any input 

D.C. current into any input or output 

Storage temperature 

Operating ambient temperature 

NOTES (to D.C. CHARACTERISTICS) 

Vi 

± 11 

Tstg 

Tamb 

-0,5to+18 V 

-0,5 to v00 + 0,5 v 
max. 10 mA 

-25 to+ 125 oc 

-20 to + 85 oc 

1. Vref min= 0,5 V; Vref max= 9,5 V; Vose= Ve= 0 V; 11, 12 and 13 at Voo· 

2. Pin under test at Vss or Voo, all other inputs simultaneously at Vss or Voo· 

3. 10 = O; all inputs at Vss or Voo· 

4. At Voo = 5 V: VoH = 4,5 v. 
At Voo = 10 V: VoH = 9,5 v. 
At Voo = 15 V: VoH = 13,5 v. 

5. At Voo = 5 V: Vol= 0,4 V; inputs at Vss or Voo· 
At Voo = 10 V: Vol= 0,5 V; inputs at Vss or Voo· 
At Voo = 15 V: Vol= 1,5 V; inputs at Vss or Voo-

6. Vref min+ 4 V < Vrefmax· 
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18-element bar graph LCD driver 

D.C. CHARACTERISTICS 

Vss = o v 

Quiescent device 
current 

Input leakage 
current (except) 
select inputs) 

Input voltage HIGH 
select inputs 

Input voltage LOW 
select inputs 

Output voltage 
HIGH 

Output voltage 
LOW 

Output current 
HIGH 

Output current 
LOW 

Input voltage 
control input V c 

Max. input voltage 
V ref max input 

Min. input voltage 
V ref min input 

Operating supply current 

For notes see opposite page. 

Voo 
v 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

10 

symbol -40 

min. max. 

- -

loo - -

- -

- -

± l1N - -
- -

3,5 -

V1H 7,0 -

11,0 -

- 1,5 
V1L - 3,0 

- 4,0 

4,99 -

VoH 9,99 -
- -

- 0,01 

Vol - 0,01 
- 0,01 

0,36 -

-loH 0,80 -
3,0 -

0,34 -

loL 1,00 -
4,40 -

- -

Vic - -
- -

- -

V1Rmax - -
- -

- -

V1Rmin - -

- -

loo - -

Tamb (OC) 

+ 25 

min. typ. max. 

- - -
- - 1000 
- - 1600 

- - 100 
- - 100 
- - 100 

3,5 - -
7,0 - -
11,0 - -

- - 1,5 
- - 3,0 
- - 4,0 

4,99 - -
9,99 - -
14,99 - -

- - 0,01 
- - 0,01 
- - 0,01 

0,3 - -
0,7 - -
2,8 - -

0,3 - -
0,9 - -
4,0 - -

0 - 5 
0 - 10 
0 - 15 

4,5 - 4,5 
4,5 - 9,5 
4,5 - 14,5 

0,5 - 0,5 
0,5 - 5,5 
0,5 - 10,5 

- 750 -

+ 85 

min. max. 

- -
- -
- -

- -
- -
- -

3,5 -

7,0 -
11,0 -

- 1,5 
- 3,0 
- 4,0 

4,95 -
9,95 -
- -

- 0,05 
- 0,05 
- 0,05 

0,24 -
0,56 -
2,60 -

0,24 -
0,72 -
3,20 -

- -
- -
- -

- -
- -
- -

- -
- -
- -

- -

HEF4754V 
LSI 

notes 

µ.A 
µ.A 1 
µ.A 

nA 
nA 2 
nA 

v 
v 
v 
v 
v 
v 
v 
v 3 
v 
v 
v 3 
v 
mA 
mA 4 
mA 

mA 
mA 5 
mA 

v 
v 6 
v 
v 
v 6 
v 
v 
v 6 
v 
µ.A Fig. 3 
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DEVELOPMENT SAMPLE DATA 
This information is derived from development samples 
made available for evaluation. It does not necessarily 
imply that the device wil! go into regular production. 

HEF4755V 
LSI 

TRANSCEIVER FOR SERIAL DATA COMMUNICATION 

The HEF4755V transceiver is a circuit for serial data communication. It provides maximum trans
mission security and effectiveness. Therefore, in addition to the normal precautions, it contains a 
programmable digital bit-check, a programmable CRC (Cyclic Redundancy Check; Hamming 
distance 4 or 6) and format protection. 

The circuit has 8 possible operating modes: 
• synchronous - error checking only 

- receiving 
- transmitting 
- receiving with data out and transmitting the same message 

• asynchronous - error checking only 
- receiving 
- transmitting 
- receiving with data out and transmitting of a regenerated message. 

FEATURES 

• Transmission rate: 
Voo:I synchronous 

5 V 0,8 Mbaud 
7 V 1,6 Mbaud 

10 V 3,2 Mbaud 

• Inputs: standard LOCMOS 
• Outputs: TTL compatible (1 TTL load) 

asynchronous 

31 kbaud 
62 kbaud 

125 kbaud 

• Operating ambient temperature range: -40 to+ 85 oc 
• Transmit or receive a serial binary data stream 
• Start bit generation and recognition 
• Format protection and checking 
• Redundancy byte generation and checking 
• Digital bit check 
• Error recognition and error distinguishing 
• 8-bit parallel input/output transfer 

SUPPLY VOLTAGE/CURRENT 

Voo 

lss 

rating 

-0,5 to+ 15 

30 

FAMILY DATA 

rre~~~r~t~~~ed 
75 to 12,6 V 

mA 

see Family Specification 
loo LIMITS catagory LSI 

(May 1983 705 
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TST 

MLO 2 

ML 1 3 

DIOO 

0101 

DI02 

0103 

DI04 

DI05 9 

DI06 

DI07 

RX 

TX 

Vss 

Fig. 1 

28 

27 

26 

25 

HEF4755V 

20 

19 

18 

7Z84 751 

Pinning diagram. 

HEF4755VP: 28-lead DI L; 
plastic (SOT-117). 

HEF4755VD: 28-lead OIL; ceramic 
(cerdip) (SOT-135). 

HE F4755VT: 28-lead mini-pack; 

vDD 

TTO 

TT1 

CP 

ERR 

DP 

Ml 

MO 

MOS 

HD 

BUSY 

START 

R 

AS 

plastic (S0-28;SOT-136A). 

M,y 19831 

PINNING 

TST Test pin; during normal use 
connected to Vss· When TST is 
HIGH (VDDl, internal check points 
are connected to the data bus. 

2 MLO I Input code for message length 
3 ML 1 I (see Table 1 ). 

4 DIOO I to to Bidirectional data bus. 
11 DI07 J 

12 RX Mode input: receive see 
13 TX Mode input: transmit Table 
15 AS Mode input: asynchronous 2 

16 R Reset; a positive signal resets 
all internal registers. 

17 START Input start in transmitting mode; 
synchronization input (from MOS) 
in synchronous receiving mode. 

18 BUSY Output busy; active during 
receiving or transmitting a message. 

19 HD Hamming distance; determines the 
length of the redundancy byte: 
LOW = 7bit(HD=4) 
HIGH= 15 bit (HD= 6) 

20 MOS Output message synchronization 
used in synchronous mode. 

21 MO Message output. 

22 Ml Message input. 

23 DP Output data pulse; take-over pulse 
for data on the data bus. 

24 ERR Output error; an active output 
means that at least 1 transmission 
error is recognized. 

25 CP Clock input; in synchronous mode 
equal to the transmission bit rate. 

26 TT1 Programming of the permissible 
27 TTO time tolerance in bit distortion 

(see Table 3). 

28 vDD Positive supply voltage; 4,5 V to 
12,5 V (is the logic HIGH level). 

14 Vss Ground (is the logic LOW level). 
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Transceiver for serial data communication HEF4755V 
LSI 

Table 1 Input code for message length 

MLO __ IML~-t-message length 

H H 6 data bytes 

L H 4 data bytes 

H L 2 data bytes 

L L 
r variable length 

depends on 
I format byte 

Table 2 Input code for input mode 

tx L L 

H L 

L H 

AS 

transmitting in synchronous mode 

L status register connected to the data bus for error recognition 

L receiving in synchronous mode 

H H 

L 

L receiving messages (without redundancy bit); data parallel out; 
calculating of redundancy byte; transmitting data with redundancy 
byte in synchronous mode 

L 

H 

L 

H 

Table 3 

TT1 

L 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

only bit check in asynchronous mode; no data output on data bus 

receiving in asynchronous mode 

transmitting in asynchronous mode 

receiving and transmitting of a regenerated message in the 
asynchronous mode 

Permissible time tolerance in bit distortion 

TTO permitted distortion (dt/T) 

L 6/32""' 19% 

H 8/32 = 25% 

L 10/32"" 31% 

H 12/32"" 37% 

H = HIGH state (the most positive voltage) 
L = LOW state (the least positive voltage) 

(May 1983 707 



HEF4755V 
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TTO, TT 

RX, TX, 

START, 
CP, R 

1 

AS 

BUSY, 
DP, ERR 

HD 

MLO, ML 

DIOO 
to 
DI07 

} 
} 

1 

2 

3 

3 CONTROL 

.._3_,L & 
~ STATUS 

-+ REGISTER 

2...L ...,.. 

s) 

j_ l 
~ 

( 1) ( 1) 

START 
BIT CHECK l+--1 CODE 

RECOGNITION 

1 
i l L1 ~· 

~ 
SHIFT 

REGISTER REDUNDANCY 

FOR BYTE 
FORMAT CALCULATOR I PROTECTION & 

708 

(l) START & 

CODE CHECKING 

D---1 GENERATOR 

s __, 1 I 
T-

'--·· 

(1) Only used in the asynchronous mode. 

Fig. 2 Block diagram. 

Ml 

i 
22 

START -----1~•17 

CP 25 

R -----1~•16 

27 
26 +-- TTO, TT1 

2 
3 MLO,ML1 

DIOO 
to 
0107 

HEF4755V 
4 
to 
11 

BUSY ----t18 

DP 23 

ERR 24 

20 

MOS 

Moy 19831 

19 +--HD 

12 +--RX 

13 TX 

15 +--AS 

21 

MO 7284 754 

CHECKER 

I 
~ 

7284 756 

Fig. 3 Functional diagram. 

Ml 
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MOS 
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Transceiver for serial data communication HEF4755V 
LSI 

FUNCTIONAL DESCRIPTION 

General 

The HEF4755V is used for protected-bit serial data communication. This protection makes it 
necessary to subdivide the serial data stream into data blocks called messages. 

Messages 

In the synchronous mode the HEF4755V will transmit or receive a message as follows: 

St 

start 
code 

s 
size 
byte 

0 

0 to 7 data bytes 

RCB 

redundancy 
check byte 

7Z84753 

The first bit of a transmitted message is the start-bit which cannot be mis interpreted. It instructs the 
receiver, that information transfer has started and it defines the time-window for the following bits. 
The start-bit is only necessary in the asynchronous mode and it is omitted in the synchronous mode. 
The first byte contains the number of data bytes that will follow. This byte is checked by the receiver 
and if a discrepancy is found, the receiver reports a code-error. This first byte is called 'size'. 
The number of data bytes can also be fixed by wiring of the transmitter as well as the receiver. In this 
case the size byte is omitted. 
There is no protocol on the information of the data bytes, so the maximum number of informations 
per message is 2 56 "" 1017 . 

The redundancy check byte secures the data bytes against transmission errors. This byte is calculated 
in parallel to the data stream and it is send as last byte by the transmitter. The receiver calculates its 
own redundancy byte and compares it with the received one. If there is a discrepancy, the receiver 
reports a code error. 

Code protection 

Size 

The coding of the size byte is as follows: 

0100 = C l 
0101 = B n = C · 22 + B · 21 +A · 2° 
0102 =A j 
0103 = P = C EB B EB A 

The information is transmitted as follows: 

St C B A P P A B C 

With this, a hamming distance of 4 is obtained. 

data 

7284752 

709 
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HEF4755V 
LSI 

FUNCTIONAL DESCRIPTION (continued) 

Redundancy byte 

The redundancy byte completes the data bytes with 15 (7) bits as a code word. If only one bit in the 
information has changed during the transmission, the two code words will differ by at least 6 (4) bit 
positions. So a change of up to 5 (3) bits will always be observed, even every odd number of false bits 
will be recognized. The HEF4755V has a programmable redundancy bit calculator which carries out 
this protection (the numbers given in parentheses are valid for the alternative possibility). 
If the transmission line carries extreme noise, this kind of message protection is less effective. In this 
case, the message is protected by checking bit-per-bit in a smaller time scale (see 'bit protection' below). 

Bit protection 

The HEF4755V checks every received bit within the time window defined by the start-bit. The pro
grammed time tolerance ( 19%, 25%, 31% and 37%) determines that the bit protection circuit decides 
after 32 samples which bit is a true logic HIGH or LOW level, or an error. In the latter case, there are 
too many samples HIGH to obtain a LOW and, too many samples LOW to obtain a HIGH. 

Transmitting 

In the transmitting mode the HEF4755V uses the data pulse signal (DP, pin 23) to take 8 bits from 
the data bus. These parallel bits are shifted serially to the message output (MO). 

Receiving 

In the receiving mode the HEF4755V receives serial bits at the message input (Ml). The circuit checks 
the message for transmission errors and, with every data pulse, 8 bits are transferred in parallel to the 
data bus. Every recognized error is stored and the error output is activated. The kind of error can be 
recognized by reading the status register over the data bus. 

Asynchronous and synchronous mode 

If only one transmission line is available, then the receiver waits for the start·bit, synchronizes itself 
on the start bit and receives all the data bits of one message. This is called the asynchronous mode. 
By using 3 transmission lines, the circuit can go to the synchronous mode. In this case it is possible to 
transmit also the clock signal (CP) and message synchronization signal (MOS) in parallel with the 
data bits. The start bit and the bit check are omitted. In the synchronous mode the maximum 
transmission speed is 32 times the maximum speed in the asynchronous mode. 

In asynchronous receive mode a reset pulse is necessary between two messages. It is possible to derive 
this reset pulse from the busy signal by using hardware. The duration of the START-pulse at the trans
mitter must always be shorter than the message to be transferred. A good procedure for achieving this 
is to use the BUSY-signal to end the START-pulse. The recovery time between two messages must be 
at least two bit periods. During this time, the line must remain stable to prevent generation of an error. 
This must be ensured with external hardware/software. 

In the synchronous receive mode, the duration of the START-pulse at the transmitter must always be 
shorter than the message to be transferred. A good procedure for achieving this is to use the BUSY
signal to end the START-pulse. A continuous START-signal will cause malfunction. The recovery time 
between two messages must be at least one bit period. During this time, the message line must remain 
stable. A good way to achieve this is to use the trailing-edge of the BUSY-signal to generate a START
signal. In practice, if data is delivered to the transmitter fast enough, START can be BUSY. If the lines 
have different delays, the message line should have the longest delay. If it is not certain which line has 
the longest delay it is possible to phase-shift the clock signal of the receiver by inverting it. This is only 
possible with point-to-point lines. 

Moy 1983 J, 
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Transceiver for serial data communication HEF4755V 
LSI 

D.C. CHARACTERISTICS 

Vss = 0 V; Tamb = -40 to+ 85 °C; unless otherwise specified 

I :~;.~::" ve~--- 'Y~~·JI, ml; ~:·_:'"JI .-;1,~oodltlo"' 
4,75 to 

I Output voltcige LOW 1 12,6 Vol ' 0,4 ! V loL = 1,8 mA I 

Output voltage HIGH 

In puts/ outputs 

As outputs 

Output voltage LOW 

Output voltage HIGH 

Output leakage current 
HIGH 

LOW 

As inputs 

Input voltage LOW 

L~utvolta~e HIGH 

14,75 Vol o4iv {loL=2,3mA 
' ! T amb = 25 oc I 

4,75 to 
12,6 

4,75 

4,75 to 
12,6 

4,75 

4,75 to 
12,6 

4,75 

12,6 

12,6 

4,75 to 
12,6 

4, 75 to 
12,6 

VoH Voo-1 

Voo-1 

Vol 

VoH Voo-1 

VoH Voo-1 

lozH 

lozH 

-lozL 

-lozL 

V1L 0 

V1H ~7Voo -
·------- ------

iV 
I 
i 

iv 

0,4 iv 
I 
i 

0,4 iv 
I 
iv 
I 
I 

Iv 

-loH = 1,1 mA II, 

{-loH = 1,4 mA 

T,mb~ 25 °c I 

loL = 1,8 mA I' 

floL=2,3mA 
\ Tamb = 25 oc 

-loH = 1,1 mA 

f -loH = 1,4 mA 
\ Tamb = 25 oc 

20jµA I v 0 H=12,6V 

5 JµA 1{VoH=12,6V 

20 I µA v 0 L = 0 v 
, 11 T amb = 25 oc 

I 
I, {VoL=OV 

5 I µA I 
1 Tamb = 25 °c 

o:::~l_:_[__J 

( M,y 1983 711 



HEF4755V 
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A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = -40 to+ 85 °c; unless otherwise specified 

parameter Voo symbol min. typ. v 

Asynchronous mode 

Clock pulse width 5 500 
LOW 10 twcPL 125 

HIGH 5 
twcrH 

500 
10 125 

START pulse 5 
twsH 

0,9 
width HIGH 10 0,22 

Set-up time 5 
tsu 

1,4 

Dn - CP 10 0,35 

Hold time 5 
tho Id 

0 
er- Dn 10 0 

Reset ( R) pulse 5 1 
width HIGH 10 twRH 0,25 

Synchronous mode 

Clock pulse width 5 625 
LOW 10 twcrL 150 

HIGH 5 
twcPH 

625 
10 150 

Set-up time 5 
tsu 

0,6 
START - CP 10 0, 15 

Hold time 5 300 
CP - START 10 tho Id 75 

Set-up time 5 600 
Dn - CP 10 tsu 150 

Hold time 5 0 
CP - Dn 10 tho Id 0 

Reset (R) pulse 5 
twRH 

1 
width HIGH 10 0,25 

Note 

Measured between output voltage levels of 0,8 V and 2 V. 

712 M•y 1983 I 

max. unit conditions 

AS at Voo 

ns 
ns 

ns 
ns 

µs 
µs 

µs 
µs 

µs 
µs 

µs 
µs 

AS at Vss 

ns 
ns 

ns 
ns 

µs 
µs 

ns 
ns 

ns 
ns 

ns 
ns 

µs 
µs 
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Transceiver for serial data communication 

CP 

INPUT 

DATA/START 
INPUT 

10% 

50% 

90% 

50% 

..,._ twcPH---+- ..___ twcPL ______._ 

.__ tho Id --------.. 

,.-----.----- VDD 

'-----Vss 

VDD 

~-+--------'-- Vss 

7Z90169 ,._ ___ twsH ___ ._, 

Fig. 4 Waveforms showing the clock, data and start timing. 
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Fig. 5 Function/timing diagram when using the HEF4755V in the asynchronous mode where the byte number per message is variable and the 
hamming distance is 4. 
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DEVELOPMENT SAMPLE DATA 

START 

> CP -ID 
ID ..... 
<t 
u.. 
LU 
I 

I 
vDD ! 

DIOO 

DI07 

r-------~-------r-r ________ J ___ [ __________________ _ 

:~--------~--------- ~ -------- -~- -------------------t: TX 

I AS 

BUSY 
_J - -----

DP 
MO 

,- ST-_]=- -- _F I D2 I D1 I c - BYTE I ·-i 
Ml - CP 

R > 
ID Jl. 
ID ..... 

DIOO <t 
u.. 
w 
I 

Dl07 I vDD 

(:----------1-1--------11?~-------1 1~;-----1-i..=~~;~;-----
~---------- --------- 1 ________ ~L _______ } __________ _ 

BUSY 
RX!j 

DP _j 

_J .. -L 

~~~~~n n n fl_ 

7Z84757 

Fig. 6 Function/timing diagram when using the HEF4755V in the asynchronous mode where the byte number per message is variable and the 
hamming distance is 4. 
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___ J HEF400978 
buffers 

3-STATE HEX NON-INVERTING BUFFER 

The HEF40097B is a hex non-inverting buffer with 3-state outputs. The 3-state outputs are controlled 
by two enable inputs (E04 and E02). A HIGH on E04 causes four of the six buffer elements to_ 
assume a high impedance or OFF-state, regardless of the other input conditions and a HIGH on E02 
causes the outputs of the remaining two buffer elements to assume a high impedance or OFF-state, 
regardless of the other input conditions. 

2 11 01 3 

4 12 02 5 

6 13 03 7 

10 14 04 9 

E04 

14 15 05 13 

12 15 05 11 

15 E02 

7275394.1 

Fig. 1 Functional diagram. 

FAMILY DATA 

loo LIMITS category BUFFERS 

HEF40097B 

7269520.2 

Fig. 2 Pinning diagram. 

HEF40097BP: 16-lead DI L; plastic (SOT-38Z). 
HEF40097BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF40097BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

PINNING 

11 to 15 

E04,E02 

01 to 05 

buffer inputs 

enable inputs (active LOW) 

buffer outputs (active HIGH) 

l see Family Specifications 
J 

• Products approved to CECC 90 104-090. 717 



HEF40097B 
buffers 

7Z69560.2 

Fig. 3 Logic diagram. 

D.C. CHARACTERISTICS 

v55 = o v 

r------~=~r:e~·-H _ _,_v_B_L-+-s-ym-bo_l_1-_m __ i_n~_4_~_ax_._T_~_:_~_2~_:_ca_)x_. _m_in+_· 
8_5_m_a_x_. __ __. 

Output current 5 
HIGH 10 

15 

HIGH 5 

Output current 4,75 
LOW 10 

15 

4,6 
9,5 

13,5 
-IQH 

1,2 
3,8 

12,0 

2,5 -loH 3,8 

0,4 3,5 
0,5 IQL 12,0 
1,5 24,0 

1,0 
3,2 

10,0 

3,2 

2,9 
10,0 
20,0 

0,8 
2,5 
8,0 

2,5 

2,3 
8,0 

16,0 

mA 
mA 
mA 

mA 

mA 
mA 
mA 

----··· ----+--~--~---+------------------~ 
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3-state hex non-inverting buffer HEf 400978 
buffers 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL = 50 p F; input transition times< 20 ns 

I Voo symbol typ. max. 
typical extrapolation 

v formula 

(rropagation delays 
In-On 5 70 140 ns 60 ns + (0,20 ns/pF) CL 

HIGH to LOW 10 tpHL 30 60 ns 26 ns + (0,08 ns/pF) CL 
15 25 50 ns 22 ns + (0,06 ns/pF) CL 

5 60 120 ns 45 ns + (0,30 ns/pF) CL 
LOW to HIGH 10 tPLH 25 50 ns 19m+(~13n~pF)CL 

I 
15 20 40 ns 16 ns + (0,09 ns/pF) CL 

Output transition 
times 5 30 60 ns 15 ns + (0,30 ns/pF) CL 

HIGH to LOW 10 tTHL 15 30 ns 10 ns + (0, 11 ns/pF) CL 
15 10 20 ns 7 ns + (0,07 ns/pF) CL 

5 35 70 ns 10 ns + (0,50 ns/pF) CL 
LOW to HIGH 10 tTLH 20 40 ns 8 ns + (0,24 ns/pF) CL 

15 15 30 ns 6 ns + (0, 18 ns/pF) CL 

3-state propagation 
delays 

Output disable times 

E02, E04 ---- On 5 45 95 ns 
HIGH 10 tpHz 35 70 ns 

15 30 60 ns 

5 60 120 ns 
LOW 10 tpLz 35 70 ns 

15 25 55 ns 

Output enable times 

E02, E04 - On 5 75 150 ns 
HIGH 10 tpzH 35 70 ns 

15 30 60 ns 

5 95 190 ns 
LOW 10 tpzL 40 80 ns 

15 30 65 ns 

Voo typical formula for P (µW) 
where 

v fi = input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 5400 fi + ~(f0CL) x v002 CL= load cap. (pF) 
dissipation per 10 25200 fi + ~(f0CL) x v002 ~(f0CL) =sum of outputs 
package (P) 15 96 500 fi + ~(f0CL) x v00 2 Voo =supply voltage (V) 

( Dotobe' 1980 719 





HEF400988 
buffers 

3-STATE HEX INVERTING BUFFER 

The HEF40098B is a hex inverting buffer with 3-state outputs. The 3-state outputs are controlled by 
two enable inputs (E04 and E02). A HIGH on E04 causes four of the six buffer elements to assume 
a high impedance or OFF-state regardless of the other input conditions and a HIGH on E02 causes the 
outputs of the remaining two buffer elements to assume a high impedance or OFF-state regardless of 
the other input conditions. 

2 11 01 3 

4 12 02 5 

6 13 03 7 

10 14 04 9 

E04 

14 15 05 13 

12 15 05 11 

15 E02 

7Z84403 

Fig. 1 Functional diagram. 

FAMILY DATA 

loo LIMITS category BUFFERS 

10 9 

HEF40098B 

7 8 
7Z69521.2 

Fig. 2 Pinning diagram. 

HE F40098BP : 16-lead DI L; plastic (SOT-38Z). 
HEF40098BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF40098BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

PINNING 

I 1 to la buffer inputs 

E04, E02 enable inputs (active LOW) 

01 to 05 buffer outputs (active LOW) 

} see Family Specifications 

• Products approved to CECC 90 104-091. 721 



HEF400988 
buffers 

7Z69561.2 

Fig. 3 Logic diagram. 

D.C. CHARACTERISTICS 

Vss = o v 

Voo 
v 

Output current 5 
HIGH 10 

15 

HIGH 5 

Output current 4,75 
LOW 10 

15 

722 Ootoboc 1980 I 

VoH 
v 

4,6 
9,5 

13,5 

2,5 

Vol 
v 

0,4 
0,5 
1,5 

Tamb (OC) 

symbol -40 +25 +85 
min. max. min. max. min. max. 

1,2 1,0 0,8 mA 

-loH 3,8 3,2 2,5 mA 
12,0 10,0 8,0 mA 

-loH 3,8 3,2 2,5 mA 

3,5 2,9 2,3 mA 

IOL 12,0 iO,O 8,0 mA 
24,0 20,0 16,0 mA 



3-state hex inverting buffer HEF400988 
buffers 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times,,,;;; 20 ns 

>--P-r-~-~a-~-a-ti-on-0-~-el-ay-s----1-v-B_5°--+--'Y~:'+ :>-~:: . "' I ::~,~~~~::~~~ J 
HIGHtoLOW 10 trHL 35 70 ns 31ns+(0,08ns/pF)CLI 

15 25 50 ns 22 ns + (0,06 ns/pF) CL 

LOW to HIGH 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

3-state propagation 
delays 

Output disable times 

E02, E04 - On 
HIGH 

LOW 

Output enable times 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

E02, E04 - On 5 

LI-HIGH_J ~~ 
5 

LOW 10 

---- _2~_ 

Voo 
v 

tpzH 

tpzL 

65 
30 
25 

30 
15 
10 

35 
20 
15 

45 
35 
30 

65 
40 
35 

70 
35 
30 

90 
40 
35 

130 ns 
60 ns 
50 ns 

60 ns 
30 ns 
20 ns 

70 ns 
40 ns 
30 ns 

85 ns 
65 ns 
60 ns 

135 ns 
80 ns 
70 ns 

140 
75 
65 

185 
85 
70 

ns 
ns 
ns 

ns 
ns 
ns 

typical formula for P (µW) 

50 ns + (0,30 ns/pF) CL 
24 ns + (0,13 ns/pF) CL 
23 ns + (0,05 ns/pF) CL 

15 ns + (0,30 ns/pF) CL 
10 ns + (0,11 ns/pF) CL 
7 ns + (0,07 ns/pF) CL 

10 ns + (0,50 ns/pF) CL 
8 ns + (0,24 ns/pF) CL 
6 ns + (0,18 ns/pF) CL 

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 5000 fi + L(f0 CL) x Voo 2 CL= load cap. (pF). 
dissipation per 10 22800 fi + L(f0 CL) x Voo 2 L(f0 CL) =sum ofoutputs 
package (P) 15 81 000 fi + L(f0 CL) x Voo 2 Voo =supply voltage (V) 

.___ ______ ____J ------~--------------~---·--

( M'Y 1983 723 





HEF401068 
gates 

HEX INVERTING SCHMITT TRIGGER 

Each circuit of the HEF40106B functions as an inverter with Schmitt-trigger action. The Schmitt
trigger switches at different points for the positive and negative-going input signals. The difference 
between the positive-going voltage (Vp) and the negative-going voltage (VN) is defined as hysteresis 
voltage (VH). 

This device may be used for enhanced noise immunity or to "square up" slowly changing waveforms. 

1 I 1 \\_ 01 2 

3 12 \\_ 02 4 

5 l3 \\_ 
03 6 

9 14 \\_ 
04 8 

11 15 \l_ 05 10 

13 15 
\\_ 05 12 

7 Z74608.1 

Fig. 1 Functional diagram. 

HEF40106B 

11 o1 12 02 13 03 Vss 

7 

7Z74609 

Fig. 2 Pinning diagram. 

HEF40106BP: 14-lead DI L; plastic (SOT-27K, M, T). 
HEF40106BD: 14-lead DIL;ceramic(cerdip) (SOT-73). 
HEF40106BT: 14-lead mini-pack; plastic 

(S0-14; SOT-108A). 

Fig. 3 Logic diagram (one inverter). 

FAMILY DATA j see Family Specifications 
loo LIMITS category GATES 

E Products approved to CECC 90 104-092. 725 



HEF40106B 
gates 

D.C. CHARACTERISTICS 

Vss = o V; Tamb = 25 oc 

Hysteresis 
voltage 

Switching levels 
positive-going 
input voltage 

negative-going 
input voltage 

Voo 
v 

5 
10 
15 

5 
10 
15 

5 
10 
15 

Fig. 4 Transfer characteristic. 

symbol 

VH 

Vp 

VN 

v\} __ 
7Z84130.1 

min. typ. max. 

0,5 0,8 v 
0,7 1,3 v 
0,9 1,8 v 
2 3,0 3,5 v 
3,7 5,8 7 v 
4,9 8,3 11 v 
1,5 2,2 3 v 
3 4,5 6,3 v 
4 6,5 10, 1 v 

Fig. 5 Waveforms showing definition of Vp, VN and VH, where VN and Vp are between limits of 
30% and 70%. 



Hex inverting Schmitt trigger HEF40106B 
gates 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL= 50 pf; input transition times.;;;; 20 ns 

Voo symbol typ. max. 
typical extrapolation 

v formula 

Propagation delays 
I In -on 5 90 180 ns 63 ns + (0,55 ns/pf) CL 

HIGH to LOW 10 tPHL 35 70 ns 24 ns + (0,23 ns/pf) CL 
15 30 60 ns 22 ns + (0, 16 ns/pf) CL 

5 75 150 ns 48 ns + (0,55 ns/pf) CL 
LOW to HIGH 10 tpLH 35 70 ns 24 ns + (0,23 ns/pf) CL 

15 30 60 ns 22 ns+ (0,16 ns/pf) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pf) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pf) CL 
15 20 40 ns 6 ns + (0,28 ns/pf) CL 

5 60 120 ns 10 ns + (1,0 ns/pf) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pf) CL 

15 20 40 ns 6 ns + (0,28 ns/pf) CL 

Voo typical formula for P (µW) 
where 

v fj =input freq. (MHz) 
f 0 =output freq. (MHz) 

Dynamic power 5 2 300 fi + ~(f0CL) x v00 2 CL= load capacitance (pf) 
dissipation per 10 9 ooo fi + ~(f0CL) x v00 2 ~(f0CL) =sum of outputs 
package (P) 15 20 ooo fi + ~(f0CLl x v002 Voo =supply voltage (V) 

------------'····· 
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gates 

100 
7284167 

lo 
(µA) 

50 

0 
0 

jj 

V1 -

t 
~~ 
11~ 

\ 

\ 
2,5 

Fig. 6 Typical drain current as a function of 
input voltage; Voo = 5 V; Tamb = 25 °c. 

5 

2000 
7284169 

lo 
(µA) 

1000 

0 
0 

1 
7 

.2J 

1 
J 
E 
~ 

[S: 
~ 

10 20 

Fig. 8 Typical drain current as a function of 
input voltage; Voo = 15 V; Tamb = 25 °c. 

1000 

lo 
(µA) 

500 

7284168 

f 

"' 7 N 
2J rs: 

./ ~ 
5 10 

Fig. 7 Typical drain current as a function of 
input voltage; Voo = 10 V; Tamb = 25 °c. 



Hex inverting Schmitt trigger HEF40106B 
gates 

o~...__...__..._..._........_....__.__.__.__.__.__.__.__.__.___.___.___.____.__...__..__...__...__...__...__._...._....__._~ 

2,5 7,5 12,5 Voo (V) 

Fig. 9 Typical switching levels as a function of supply voltage Voo; Tamb = 25 °c. 

Cp 

r---H----, 
I I 
I I 

\1__ 

7Z84165 

Fig. 10 Schmitt trigger driven via a high impedance (R > 1 kD). 

17,5 

If a Schmitt trigger is driven via a high impedance (R > 1 kD) then it is necessary to incorporate a 

c Voo-Vss 
capacitor C of such value that: - > , otherwise oscillation can occur on the edges of a pulse. 

Cp VH 

Cp is the external parasitic capacitance between input and output; the value depends on the circuit 
board layout. 

(November 1981 729 



HEF401068 
gates 

APPLICATION INFORMATION 

Some examples of applications for the HEF40106B are: 

• Wave and pulse shapers 
• Astable multivibrators 
• Monostable multivibrators. 

7Z84166 

Fig. 11 The HEF40106B used as an astable multivibrator. 



HEF40160B 
MSI 

4-BIT SYNCHRONOUS DECADE COUNTER 

WITH ASYNCHRONOUS RESET 

The HEF40160B is a fully synchronous edge-triggered 4-bit decade counter with a clock input (CP), an 
overriding asynchronous master reset (MR), four parallel data inputs (Po to P3), three synchronous 
mode control inputs (parallel enable (PE), count enable parallel (CEP) and count enable trickle (GET)), 
buffered outputs from all four bit positions (Oo to 03) and a terminal count output (TC). 

Operation is fully synchronous (except for the MR input) and occurs on the LOW to HIGH transition 
of CP. When PE is LOW, the next LOW to HIGH transition of CP loads data into the counter from Po 
to P3 regardless of the levels of CEP and GET inputs. 

When PE is HIGH, the next LOW to HIGH transition of CP advances the counter to its next state only 
if both CEP and GET are HIGH; otherwise, no change occurs in the state of the counter. TC is HIGH 
when the state of the counter is 9 (Oo = 03 =HIGH, 01 = 02 = LOW) and when GET is HIGH. A LOW 
on MR sets all outputs (Oo to 03 and TC) LOW, independent of the state of all other inputs. Multistage 
synchronous counting is possible without additional components by using a carry look-ahead counting 
technique; in this case, TC is used to enable successive cascaded stages. CEP, CET and PE must be 
stable only during the set-up time before the LOW to HIGH transition of CP. 

3 4 5 6 

9 PE 
-1--------Lll PARALLEL LOAD CIRCUITRY 

10 CET 

7 
INH 

D 

CP DECADE COUNTER 
2 CP 

MR 
Co 

Oo 01 02 03 

14 13 12 11 7Z75109.2 

Fig. 1 Functional diagram. 

FAMILY DATA 
} see Family Specifications 

loo LIMITS category MSI 

~ Products approved to CECC 90 104-093. l (October 1980 731 
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4-bit synchronous decade counter with asynchronous reset HEF40160B 
MSI 

15 14 13 12 

HEF40160B 

CEP Vss 

7 8 
7Z75112.1 

Fig. 3 Pinning diagram. 

HEF40160BP: 16-lead OIL; plastic (SOT-38Z). 
HEF40160BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF40160BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

SYNCHRONOUS MODE SELECTION 
------

PE CEP CET mode 
r-·-·-- - -- -i --·---+-- --

L x x preset 
H L x no change 
H x L no change 
H H H count 

MR= HIGH 

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

PINNING 

PE 
Po to P3 
CEP 
CET 
CP 

MR 
o0 to 03 
TC 

parallel enable input 
para I lel data inputs 
count enable parallel input 
count enable trickle input 
clock input (LOW to HIGH, 
edge-triggered) 
master reset input (active LOW) 
para I lel outputs 
terminal count output 

TERMINAL COUNT GENERATION 

CET (Oo·01 ·Ciro3) TC 
----·---·-

u L L 
L H 
H L 
H H 

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

TC= CET·Oo·01 ·02·03 

Fig. 4 State diagram. 

7775086 
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A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; input transition times< 20 ns 

Voo typical formula for P (µW) v 

Dynamic power 5 1 200 fi + k(f0 CLl x v00 2 

dissipation per 10 5600 fi + k(f0 CL) x v00 2 

package (P) 15 16000 fi + k(f0 CL) x v0 0 2 

A.C. CHARACTERISTICS 

V$S = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times< 20 ns 

I Voo symbol min. typ. max. v 

Propagation delays 
CP-On 5 110 220 ns 

HIGH to LOW 10 tPHL 45 90 ns 
15 30 60 ns 

5 115 230 ns 
LOW to HIGH 10 tPLH 45 95 ns 

15 35 65 ns 

CP -Tc 5 130 260 ns 
HIGH to LOW 10 tPHL 55 105 ns 

15 35 75 ns 

5 140 280 ns 
LOW to HIGH 10 lPLH 55 115 ns 

15 40 80 ns 

CET -Tc 5 105 210 ns 
HIGH to LOW 10 tPHL 50 100 ns 

15 35 75 ns 

5 90 185 ns 
LOW to HIGH 10 tPLH 35 70 ns 

15 25 50 ns 
-
MR -on 5 120 245 ns 

HIGH to LOW 10 tPHL 50 100 ns 
15 35 70 ns 

-
MR -TC 5 145 295 ns 

HIGH to LOW 10 tpHL 60 120 ns 
15 45 85 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 

734 Octobe< "'""I 

where 
fi = input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
k(f0 CL) =sum of outputs 
Voo =supply voltage (V) 

typical ex trapolation 
mu la for 

83 ns + ( 
34 ns + ( 
22 ns + ( 

88ns+( 
34 ns + ( 
27 ns + ( 

103 ns + ( 
44 ns + ( 
27 ns + ( 

113ns+( 
44ns+( 
32 ns + ( 

78 ns + ( 
39 ns + ( 
27 ns + ( 

63 ns + ( 
24 ns + ( 
17 ns + ( 

93 ns + ( 
39 ns + ( 
27 ns + ( 

0,55 ns/pF) CL 
0,23 ns/pF) CL 
0,16 ns/pF) CL 

0,55 ns/pF) CL 
0,23 ns/pF) CL 
0, 16 ns/pF) CL 

0,55 ns/pF) CL 
0,23 ns/pF) CL 
0,16 ns/pF) CL 

0,55 ns/pF) CL 
0,23 ns/pF) CL 
0, 16 ns/pF) CL 

0,55 ns/pF) CL 
0,23 ns/pF) CL 
0, 16 ns/pF) CL 

0,55 ns/pF) CL 
0,23 ns/pF) CL 
0,16 ns/pF) CL 

0,55 ns/pF) CL 
0,23 ns/pF) CL 
0,16 ns/pF) CL 

118 ns + ( 0,55 ns/pF) CL 
(0,23 ns/pF) CL 
(0,16 ns/pF) CL 

49 ns + 
37 ns + 

10 ns + 
9 ns + 
6 ns + 

10 ns + 
9 ns + 
6 ns + 

(1,0 ns/pF) CL 
(0,42 ns/pF) CL 
(0,28 ns/pF) CL 

(1,0 ns/pF) CL 
(0,42 ns/pF) CL 
(0,28 ns/pF) CL 



4-bit synchronous decade counter with asynchronous reset 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times,,:;; 20 ns 

I M;~mom clock 1v:T~~bol : ;: --:: H "' -r 
pulse width; LOW 10 twcPL I 40 20 ns I 

15 30 15 ns 

Minimum MR 5 100 50 ns 
pulse width; LOW 10 twMRL 40 20 ns 

15 30 15 ns 

Recovery time 
for MR 

5 
10 tRMR 
15 

Set-up times 5 

Pn - CP 10 tsu 
15 

5 
PE - CP 10 tsu 

15 

5 
CEP, CET - CP 10 tsu 

15 

Hold times 5 

Pn - CP 10 tho Id 
15 

5 
PE - CP 10 thold 

15 

5 
CEP, CET -- CP 10 thold 

15 

Maximum clock 5 
pulse frequency 10 fmax 

15 

25 
15 
10 

110 
40 
30 

120 
40 
25 

260 
100 
70 

0 
0 
0 

55 
20 
15 

60 
20 
10 

130 
50 
35 

20 -35 
10 -10 

5 -10 

15 -45 
5 -15 
5 -10 

25 -105 
15 -35 
10 -25 

2,5 5 
7 14 
9 18 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

MHz 
MHz 
MHz 

HEF40160B 
MSI 

see also waveforms 
Figs 5, 6, 7 and 8 
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CP INPUT 

MR INPUT 

..-tWMRL ---

--twcPL-

50% 

-tRMR-

Oo OUTPUl~____,/ 
Conditions 

PE= LOW 

Po to P3 =HIGH 

7275097.1 

Fig. 5 Waveforms showing minimum CP and MR pulse widths and MR to CP recovery time. 

--- ..- tsu 

CP INPUT 

CEP INPUT 

CET INPUT 

On OUTPUT 

7275093. 1 

Fig. 6 Waveforms showing set-up times and hold times for CEP and CET inputs. 

Conditions: PE= MR= HIGH. 

736 Ootob" 1980 I 



4-bit synchronous decade counter with asynchronous reset 

- -tsu - --tsu 

CP INPUT 

Pn INPUT 

On OUTPUT ____ _./ 

7Z75096.1 

Fig. 7 Waveforms showing set-up times and hold times for Pn inputs. 

CP INPUT 

PE INPUT 

On OUTPUT 

7Z75094.1 

Fig. 8 Waveforms showing set-up times and hold times for PE inputs. 

Note 

HEF40160B 
MSI 

Conditions 

PE= LOW 

MR= HIGH 

Condition 

MR= HIGH 

Set-up and hold times are shown as positive values but may be specified as negative values. 

( Octob" 1980 737 



HEF401608 
MSI 

CP 

CEP 

lJ (asynchronous) 

----------------------------
L------ -- - ------ ------------------------------- --- -----
L-------- ------ ---- ------

....---+-----.---- --- --- ------------
L--- -------- ----------- -

r------------------------------ - - - -- - - --- - ----- - ---- --

CET 

Oo -----
a, -----
02 ----- I 
03 

-----, 
-----

TC 

7 8 9 0 2 3 

I I .. 1-+----count -----,1------inhibit---• 
reset preset 7Z85112 

Fig. 9 Timing diagram. 

738 Ootobe< 1980 I 



4-bit synchronous decade counter with asynchronous reset 

APPLICATION INFORMATION 

An example of an application for the HEF40160B is: 

• Programmable decade counter. 
clock 

CET 
-----iCP 

MR 

HEF40160B 

HEF40160B 

HEF40160B 

HEF40160B 

HEF40160B 

TC 

7Z85114 

NOTE 

HEF40160B 
MSI 

On the TC outputs, glitches can occur 
during counting. In totally synchronous 
mode they will not have any adverse affect. 
However the TC output in asynchronous 
mode can cause problems. 

Fig. 10 Synchronous multi-stage 
counting scheme. 

( D<to"" 1980 739 





MSI J l HEF401618 

---·-.. ··· , __ _ 
4-BIT SYNCHRONOUS BINARY COUNTER 

WITH ASYNCHRONOUS RESEl. 

The HEF40161 Bis a fully synchronous edge-triggered 4-bit binary counter with a clock input (CP), an 
overriding asynchronous master reset (MR), four parallel data inputs (Po to P3). three synchronous 
mode control inputs (parallel enable (PE). count enable parallel (CEP) and count enable trickle (CET)), 
buffered outputs from all four bit positions (Oo to 03) and a terminal count output (TC). 

Operation is fully synchronous (except for the MR input) and occurs on the LOW to HIGH transition 
of CP. When PE is LOW, the next LOW to HIGH transition of CP loads data into the counter from Po 
to P3 regardless of the levels of CEP and CET inputs. 

When PE is HIGH, the next LOW to HIGH transition of CP advCJnces the counter to its next state only 
if both CEP and CET are HIGH; otherwise, no chCJnge occurs in the state of the counter. TC is HIGH 
when the state of the counter is 15 (01 to 03 ~HIGH) and when CET is HIGH. A LOW on MR sets 
all outputs (Oo to 03 and TC) LOW, independent of the state of all other inputs. Multistage 
synchronous counting is possible without additional components by using a carry look-ahead counting 
technique; in this case, TC is used to enable successive cascaded stages. CEP, CET and PE must be 
stable only during the set-up time before the LOW to HIGH transition of CP. 

3 4 5 6 
----------1----------------~· ·~· .. 

9 PE 
PARALLEL LOALJ 

10 CET 

7 

2 CP INH D 
---------1CP BINARY COUNTcR 
-1-=,...-------aiCo 

MR 

01 

14 13 12 11 7Z85115 

Fig. 1 Functional diagram. 

FAMILY DATA 
see Family Specifications 

loo LIMITS category MSI 

G Products approved to CECC 90 104-094. 741 
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4-bit synchronous binary counter with asynchronous reset 

10 9 

CET PE 

CEP Vss 

8 
7Z74566 

Fig. 3. Pinning diagram. 

HEF401618P: 16-lead DI L; plastic (SOT-38Z). 
HEF40161 BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HEF40161 BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

SYNCHRONOUS MODE SELECTION 

PE CEP CET mode 

L x x preset 
H L x no change 
H x L no change 
H H H count 

MR= HIGH 

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

7Z75087 

PINNING 

PE 
Po to P3 
CEP 
CET 
CP 

MR 
o0 to 03 
TC 

HEF401618 
MSI 

parallel enable input 
parallel data inputs 
count enable parallel input 
count enable trickle input 
clock input (LOW to HIGH, 
edge-triggered) 
master reset input (active LOW) 
parallel outputs 
terminal count output 

TERMINAL COUNT GENERATION 

CET (Oo·01·02·03) TC 

L L L 
L H L 
H L L 
H H H 

Fig. 4 State diagram. 
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A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; input transition times.;;;;; 20 ns 

Voo typical formula for P (µW) v 

Dynamic power 5 1 200 fi + L(foCL) x Voo 2 

dissipation per 10 5600 fi + L(foCL) x Voo 2 

package (P) 15 16 000 fi + L(foCL) x Voo 2 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times.;;;;; 20 ns 

Voo symbol min. typ. max. v 

Propagation delays 
CP-On 5 110 220 ns 

HIGH to LOW 10 tPHL 45 90 ns 
15 30 60 ns 

5 115 230 ns 
LOW to HIGH 10 tPLH 45 95 ns 

I 15 35 65 ns 
I 
I CP-TC 5 130 260 ns 

HIGH to LOW 10 tPHL 55 105 ns 
15 35 75 ns 

5 140 280 ns 
LOW to HIGH 10 tPLH 55 115 ns 

15 40 80 ns 

CET -Tc 5 105 210 ns 
HIGH to LOW 10 tPHL 50 100 ns 

15 35 75 ns 

5 90 185 ns 
LOW to HIGH 10 tPLH 35 70 ns 

15 25 50 ns 

MR -on 5 120 245 ns 
HIGH to LOW 10 tPHL 50 100 ns 

15 35 70 ns 

MR -TC 5 145 295 ns 
HIGH to LOW 10 tpHL 60 120 ns 

15 45 85 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 

,.. Octoboc , .80 I 

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 

typical extrapolation 
formula 

83 ns + (0,55 ns/pF) CL 
34 ns + (0,23 ns/pF) CL 
22 ns + (0, 16 ns/pF) CL 

88 ns + (0,55 ns/pF) CL 
34 ns + (0,23 ns/pF) CL 
27 ns + (0, 16 ns/pF) CL 

103 ns + (0,55 ns/pF) CL I 
I 44 ns + (0,23 ns/pF) CL 

27ns+(~16n~pF)CL 

113 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns+ (0,16 ns/pF) CL 

78 ns + (0,55 ns/pF) CL 
39 ns + (0,23 ns/pF) CL 
27 ns + (0, 16 ns/pF) CL 

63 ns + (0,55 ns/pF) CL 
24 ns + (0,23 ns/pF) CL 
17 ns + (0,16 ns/pF) CL 

93 ns + (0,55 ns/pF) CL 
39 ns + (0,23 ns/pF) CL 
27 ns + (0, 16 ns/pF) CL 

118 ns + (0,55 ns/pF) CL 
49 ns + (0,23 ns/pF) CL 
37 ns + (0,16 ns/pF) CL 

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

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



4-bit synchronous binary counter with asynchronous reset 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times,,;;; 20 ns 

Voo symbol min. typ. max. v 

Minimum clock 5 100 50 ns 
pulse width; LOW 10 twcPL 40 20 ns 

15 30 15 ns 

Minimum MR 5 100 50 ns 
pulse width; LOW 10 twMRL 40 20 ns 

15 30 15 ns 

Recovery time 5 25 0 ns 
for MR 10 tRMR 15 0 ns 

15 10 0 ns 

Set-up times 5 110 55 ns 
Pn - CP 10 tsu 40 20 ns 

15 30 15 ns 

5 120 60 ns 

PE - CP 10 tsu 40 20 ns 
15 25 10 ns 

5 260 130 ns 
CEP, CET-CP 10 tsu 100 50 ns 

15 70 35 ns 

Hold times 5 20 -35 ns 

Pn - CP 10 th old 10 -10 ns 
15 5 -10 ns 

5 15 -45 ns 
PE - CP 10 th old 5 -15 ns 

15 5 -10 ns 

5 25 -105 ns 
CEP,CET- CP 10 th old 15 -35 ns 

15 10 -25 ns 

Maximum clock 5 2,5 5 MHz 
pulse frequency 10 fmax 7 14 MHz 

15 9 18 MHz 

HEF401618 
MSI 

see also waveforms 
Figs 5, 6, 7 and 8 
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HEF40161B 
MSI 

CP INPUT 

MR INPUT 

--twMRL --

~twcPL-

50% 

-tRMR-

Do OUTPU~.______./ 

Conditions 

PE= LOW 

Po to P3 =HIGH 

7275097.1 

Fig. 5 Waveforms showing minimum CP and MR pulse widths and MR to CP recovery time. 

-- ._.. tsu 

CP INPUT 

CEP INPUT 

CET INPUT 

On OUTPUT. 

Fig. 6 Waveforms showing set-up times and hold times for CEP and CET inputs. 

Condition: PE= MR= HIGH. 

746 Octob" 1980 I 
7275093.1 



4-bit synchronous binary counter with asynchronous reset 

-- -tsu -- -- tsu 

CP INPUT 

Pn INPUT 

on OUTPUT I 
-- \ __ 

7Z75096.1 

Fig. 7 Waveforms showing set-up times and hold times for Pn inputs. 

-- -tsu 

CP INPUT 

PE INPUT 

On OUTPUT ___ X.___ _ __.~.__-
7Z75094.1 

Fig. 8 Waveforms showing set-up times and hold times for PE input. 

Note 

HEF401618 
MSI 

Conditions 

PE= LOW 

MR= HIGH 

Condition 

MR= HIGH 

Set-up and hold times are shown as positive values but may be specified as negative values. 

( Octob~ 1980 747 
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HEF401618 
MSI 

LJ (asynchronous) 

r----------------~-----

r----------------------
----1--------------------------------- -- --- - -- ------------

L----------------------
...---1-----.- - - -------- - - ---------

L----- ---- ------------

----, 
Oo - - - - .__--1,...___, 

I o, ----, ----
02 ----
03 ----
TC 

12 13 

I I .. 
reset preset 

Octobe' 1980 ~ 

14 15 0 2 

count ----·----inhibit----
7285113 

Fig. 9 Timing diagram. 



4-bit synchronous binary counter with asynchronous reset 

APPLICATION INFORMATION 

An example of an application for the HEF40161 Bis: 

• Programmable binary counter. 
clock 

CET 
-----1CP 

MR 

HEF40161 B 

HEF40161 B 

HEF40161B 

HEF40161B 

HEF40161B 

TC 

7Z85119 

NOTE 

HEF401618 
MSI 

On the TC outputs, glitches can occur 
during counting. In totally synchronous 
mode they will not have any adverse affect. 
However the TC output in asynchronous 
mode can cause problems. 

Fig. 10 Synchronous multi-stage 
counting scheme. 

( Ootob.- 1980 749 





HEF401628 
MSI 

4-BIT SYNCHRONOUS DECADE COUNTER 

WITH SYNCHRONOUS RESET 

The HEF40162B is a fully synchronous edge-triggered 4-bit decade counter with a clock input (CP), 
four synchronous parallel data inputs (Po to P3), four synchronous mode control inputs (par~I 
enable (PE), count enable parallel (CEP), count enable trickle (CET) and synchronous reset (SR)), 
buffered outputs from all four bit positions (Oo to 03) and a terminal count output (TC). 

Operation is synchronous and occurs on the LOW to HIGH transition of CP. When PE is LOW, the 
next LOW to HIGH transition of CP loads data into the counter from Po to P3. When PE is HIGH, the 
next LOW to HIGH transition of CP advances the counter to its next state only if both CEP and CET 
are HIGH; otherwise no change occurs in the state of the counter. TC is HIGH when the state of the 
counter is 9 (Oo = 03 = HIGH, 01 = 02 = LOW) and when CET is HIGH. A LOW on SR sets all out
puts (Oo to 03 and TC) LOW on the next LOW to HIGH transition of CP, independent of the state of 
all other synchronous mode control inputs (CEP, CET and PE). Multistage synchronous counting is 
possible without additional components by using a carry look-ahead counting technique; in this case, 
TC is used to enable successive cascaded stages. CEP, CET, PE and SR must be stable only during the 
set-up time before the LOW to HIGH transition of CP. 

3 4 5 6 

9 PE 
....:...-i~-------<:JI PARALLEL LOAD CIRCUITRY 

1 SR 
10 CET 

7 D 
INH 

_2 __ C_P _____ -tCP DECADE COUNTER 

01 

14 13 12 11 

Fig. 1 Functional diagram. 

FAMILY DATA 
} see Family Specifications 

loo LIMITS category MSI 

= Products approved to CECC 90 104-095. 

7Z75110.2 
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HEF401628 
MSI 
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4-bit synchronous decade counter with synchronous reset HEF40162B 
MSI 

15 14 13 12 9 

TC Do 01 02 03 CET PE 

HEF40162B 

P3 CEP Vss 

6 7 8 
7Z75111.1 

Fig. 3 Pinning diagram. 

HEF40162BP: 16-lead DIL; plastic (SOT-38Z). 
HEF40162BD: 16-lead DIL;ceramic(cerdip) (SOT-74). 
HEF40162BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

SYNCHRONOUS MODE SELECTION 

SR PE CEP CET mode 

H L x x preset 
H H L x no change 
H H x L no change 
H H H H count 
L x x x reset 

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

PINNING 

PE 
Po to P3 
CEP 
CET 
CP 

SR 

o0 to 03 
TC 

parallel enable input 
parallel data inputs 
count enable parallel input 
count enable trickle input 
clock input (LOW to HIGH, 
edge-triggered) 
synchronous reset input (Jctive 
LOW) 
parallel outputs 
terminal count output 

TERMINAL COUNT GENERATION 

- -
CET (Oo· 01·02· 03) TC 

L L L 
L H L 
H L L 
H H H 

Fig. 4 State diagram. 

7Z75086 
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HEF401628 
MSI 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; input transition times~ 20 ns 

Voo typical formula for P (µW) v 

Dynamic power 5 1 200 ti+ L(foCL) x Voo 2 

dissipation per 10 5600 ti+ L(foCL) x Voo 2 

package (P) 15 16000 ti+ L(foCL) x Voo 2 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times~ 20 ns 
,-------- ----------,-------------- --

Voo symbol min. typ. max. v 

Propagation delays 
CP -on 5 110 220 ns 

HIGH to LOW 10 tpHL 45 90 ns 
15 30 60 ns 

5 115 230 ns 
LOW to HIGH 10 tPLH 45 95 ns 

15 35 65 ns 

CP -Tc 5 130 260 ns 
HIGH to LOW 10 tPHL 55 105 ns 

15 35 75 ns 

5 140 280 ns 
LOW to HIGH 10 tPLH 55 115 ns 

15 40 80 ns 

CET -Tc 5 105 210 ns 
HIGH to LOW 10 tPHL 50 100 ns 

15 35 75 ns 

5 90 185 ns 
LOW to HIGH 10 tPLH 35 70 ns 

15 25 50 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 

754 OctoOOc 1980 I 

where 
ti= input freq. (MHz) 
f 0 =output freq. (MHz) 
CL= load capacitance (pF) 
L(f0 CL) =sum of outputs 
Voo =supply voltage (V) 

typical extrapolation 
formula 

83 ns + (0,55 ns/pF) CL 
34 ns + (0,23 ns/pF) CL 
22 ns+ (0,16 ns/pF) CL 

88 ns + (0,55 ns/pF) CL 
34 ns + (0,23 ns/pF) CL 
27 ns+ (0,16 ns/pF) CL 

103 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
27 ns+ (0,16 ns/pF) CL 

113 ns+ (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns + (0,16 ns/pF) CL 

78 ns + (0,55 ns/pF) CL 
39 ns + (0,23 ns/pF) CL 
27 ns + (0,16 ns/pF) CL 

63 ns + (0,55 ns/pF) CL 
24 ns + (0,23 ns/pF) CL 
17 ns+ (0,16 ns/pF) CL 

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

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



4-bit synchronous decade counter with synchronous reset 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °C; CL= 50 pF; input transition times< 20 ns 

HEF401628 
MSI 

1-:~~~,~-- V~o <ymbo~~- •::--m" -~ ____ -~ 
~ulse width; LOW 10 twcPL 40 20 ns 

15 30 15 ns 

Set-up times 
Pn -cP 

5 
10 tsu 
15 

5 
PE -cP 10 t5u 

15 

5 
CEP, GET - GP 10 tsu 

15 

5 
SR-GP 10 tsu 

15 

Hold times 

Pn --- GP 

PE -cP 

CEP, GET -cP 

SR -cP 

Maximum clock 
pulse frequency 

5 
10 thold 
15 

5 
10 tho Id 
15 

5 
10 thold 
15 

5 
10 tho Id 
15 

5 
10 fmax 
15 

110 
40 
30 

55 
20 
15 

120 60 
40 20 
25 10 

260 130 
100 50 
70 35 

50 25 
20 10 
15 10 

20 -35 
10 -10 

5 -10 

15 -45 
5 -15 
5 --10 

25 -105 
15 -35 
10 -25 

15 --10 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

~: I 

ns I 
ns 

7 14 MHz 
9 18 MHz 

see also waveforms 
Figs 5, 6, 7 and 8 

!.5 -~ :Hzl 

'----------'-----'------'-------------------- ----------

755 



HEF401628 
MSI 

CP INPUT 

SR INPUT 

Oo OUTPUT 

··-- ......._ 1 su 

--- twcPL--

- -- 1 su 

7Z75095.1 

Conditions 

PE= LOW 

Po to P3 =HIGH 

Fig. 5 Waveforms showing set-up times and hold times for SR input and minimum CP pulse width. 

CP INPUT 

CEP INPUT 

CET INPUT 

On OUTPUT 

Fig. 6 Waveforms showing set-up times and hold times for CEP and CET inputs. 
7Z75093.1 

Condition: PE= SR= HIGH. 

756 October 1980 l 



4-bit synchronous decade counter with synchronous reset 

- -tsu 

CP INPUT 

Pn INPUT 

On OUTPUT I \ 
7Z75096.1 

Fig. 7 Waveforms showing set-up times and hold times for Pn inputs. 

CP INPUT 

PE INPUT 

On OLJTPUT __ ----JX....__---JX._ __ 
7Z75094.1 

Fig. 8 Waveforms showing set· up times and hold times for PE input. 

Note 

HEF40162B 
MSI 

Conditions 

PE= LOW 

sn =HIGH 

Condition 

SR HIGH 

Set-up and hold times are shown as positive values but may be specified as negativi1 values. 

1980 757 



HEF401628 
MSI 

SR LJ (synchronous) 

PE 

Oo 

o, 

02 

03 

TC 

-----------------------------
L------ -- - -- ---- ---------

-------------------------- -----
L------------------------

----------- -- - -- - --- ---------
L--- ------------------- -

r-----------------------_______ _._ - - -- - - --- - --- - - - - - -- --

-----
----- I ------, 
-----

7 8 9 0 2 3 

I I ----count -----11-----inhibit -----
reset preset 7Z85117 

Fig. 9 Timing diagram. 

758 °"'""'" 19801 



4-bit synchronous decade counter with synchronous reset 

APPLICATION INFORMATION 

An example of an application for the HEF40162B is: 

• Programmable decade counter. 

clock 

CEP PE Po P1 P2 P3 

CET 
CP 

HEF40162B TC 

SR Oo o1 02 03 

HEF40162B 

HEF40162B 

HEF40162B 

HEF40162B 

7Z85120 

NOTE 

HEF40162B 
MSI 

On the TC outputs, glitches can occur 
during counting. In totally synchronous 
mode they will not have any adverse 
affect. However the TC output in 
asynchronous mode can cause problems. 

Fig. 10 Synchronous multi-stage 
counting scheme. 

( Ootob" 1980 759 





HEF401638 
MSI 

4-BIT SYNCHRONOUS BINARY COUNTER 

WITH SYNCHRONOUS RESET 

The HEF40163B is a fully synchronous edge-triggered 4-bit binary counter with a clock input (CP), 
four synchronous parallel data inputs (Po to P3), four synchronous mode control inputs (parallel 
enable (PE), count enable parallel (CEP), count enable trickle (CET) and synchronous reset (SR)), 
buffered outputs from all four bit positions (Oo to 03) and a terminal count output (TC). 

Operation is fully synchronous and occurs on the LOW to HIGH transition of CP. When PE is LOW, 
the next LOW to HIGH transition of CP loads data into the counter from Po to P3. When PE is HIGH, 
the next LOW to HIGH transition of CP advances the counter to its next state only if both CEP and 
CET are HIGH; otherwise no change occurs in the state of the counter. TC is HIGH when the state of 
the counter is 15 (Oo to 03 = HIGH) and when CET is HIGH. A LOW on SR sets all outputs (Oo to 
03 and TC) LOW on the next LOW to HIGH transition of CP, independent of the state of all other 
synchronous mode control inputs (CEP, CET and PE). Multistage synchronous counting is possible 
without additional components by using a carry look-ahead counting technique; in this case, TC is 
used to enable successive cascaded stages. CEP, CET, PE and SR must be stable only during the set-up 
time before the LOW to HIGH transition of CP. 

3 4 5 6 

-9-+-P_E ____ --<JI PARALLEL LOAD CIRCUITRY 

SR 
10 CET 

FAMILY DATA 

loo LIMITS category MSI 

01 

14 13 12 11 

Fig. 1 Functional diagram. 

see Family Specifications 

~ Products approved to CECC 90 104-096. 

7Z85116 
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MSI 
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4-bit synchronous binary counter with synchronous reset 

15 14 13 9 

Oo 01 02 PE 

HEF40163B 

CP Po P1 

2 3 4 

7Z74572 

Fig. 3 Pinning diagram. 

HEF40163BP: 16-lead OIL; plastic (SOT-38Z). 
H EF40163BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HEF40163BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

SYNCHRONOUS MODE SELECTION 

- -
SR PE CEP CET mode 

H L x x preset 
H H L x no change 
H H x L no change 
H H H H count 
L x x x reset 

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

PINNING 

PE 
Po to P3 
CEP 
CET 
CP 

SR 

o0 to 03 
TC 

HEF40163B 
MSI 

parallel enable input 
parallel data inputs 
count enable parallel input 
count enable trickle input 
clock input (LOW to HIGH, 
edge-triggered) 
synchronous reset input (active 
LOW) 
parallel outputs 
terminal count output 

TERMINAL COUNT GENERATION 

CET (Oo·01 ·02·03) TC 

L L L 
L H L 
H L L 
H H H 

Fig. 4 State diagram. 

7Z75087 
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HEF40163B 
MSI 

A.G. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; input transition times< 20 ns 

i--~--·· 

tDynamic power 
dissipation per 
package (P) 

Veo typical formula for P (µW) 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times< 20 ns 

where 
fj =input freq. (MHz} 
f0 =output freq. (MHz) 
CL= load capacitance (pf) 
~ (f0 CL) =sum of outputs 
Voo =supply voltage (V) 

~----=- I vt}mbol f, typ rnrn~~-~t_y_p_-1c-al-f~-~-~-~-l~-la_t_io_n_ 

I I I Propagation delays 
CP__,.,. 

HIGH to LOW I 5 i I 
I 10 I tpH[ I 

110 
45 
30 

220 
90 
60 

ns 
ns 
ns I 15 I - I 

LOW to HIGH I ,; r tpu-1 I 
115 
45 
35 

230 
95 

ns 
ns 

83 ns + (0,55 ns/pF) CL 
34 ns + (0,23 ns/pF) CL 
22 ns + (0, 16 ns/pF) CL 

88 ns + (0,55 ns/pF) CL 
34 ns + (0,23 ns/pF) CL 
27 ns + (0, 16 ns/pF) CL 65 ns 

CP _....,.TC 130 ns 
I 155 I 

HIGH to LOW 10 , tpHL 55 
35 

260 
105 ns 

103 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
27 ns+ (0,16 ns/pF) CL 

LOW to HIGH 

CET -TC 
HIGH to LOW 

LOW to HIGH 

Output transition 
times 

HIGH to LOW 

15 

5 
10 
15 

5 
10 
5 

5 
10 
15 

I 

140 
55 
40 

105 
50 
35 

90 
35 
25 

75 

280 
115 
80 

210 
100 

75 

185 
70 
50 

ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

113 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns+ (0,16 ns/pF) CL 

78 ns + (0,55 ns/pF) CL 
39 ns + (0,23 ns/pF) CL 
27 ns + (0,16 ns/pF) CL 

63 ns + (0,55 ns/pF) CL 
24 ns + (0,23 ns/pF) CL 
17 ns+ (0,16 ns/pF) CL 

51 60 120 ns 10ns+(1,0ns/pF)CL 
10 tTH L 30 60 ns 9 ns + (0,42 ns/pF} CL 
15 20 40 ns 6ns+(0,28ns/pF)CL 

5 I 60 120 ns 10ns+(1,0ns/pF}CL 

LOW to HIGH 10 I tTLH L 30 60 ns l 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

--------- --~- -- --~----------~- ----------
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4-bit synchronous binary counter with synchronous reset HEF401638 
MSI 

A.C. CHARACTERISTICS 

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

~ Mi~imom clock I V~o fymbo~. typ. max. 
-- ---

100 50 ns 
µulse vvidtl1, LOW 10 twcPL 40 20 ns 

15 30 15 ns 

Set-up times 5 110 55 ns 

Pn - CP 10 tsu 40 20 ns 
15 30 15 ns 

5 120 60 ns 
PE - CP 10 tsu 40 20 ns 

15 25 10 ns 

5 260 130 ns 
CEP,CET-CP 10 tsu 100 50 ns 

15 70 35 ns 

5 50 25 ns 
SR -cP 10 tsu 20 10 ns 

15 15 10 ns see also waveforms 

Hold times 5 20 -35 ns Figs 5, 6, 7 and 8 

Pn - CP 10 tho Id 10 -10 ns 
15 5 -10 ns 

5 15 --45 ns 
PE ---... CP 10 tho Id 5 --15 ns 

15 5 --10 ns 

5 25 --105 ns 
CEP, CET-CP 10 tho Id 15 -35 ns 

15 10 -25 ns I 
5 15 -10 

I 
ns I 

SR- CP 10 tho Id 5 -5 ns 
15 5 0 ns 

_J 
Maximum clock 5 2,5 5 MHz 

pulse frequency 10 fmax 7 14 MHz l 
15 l_ ___ 9 18 MHz 

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

(May 1983 765 



HEF40163B 
MSI 

CP INPUT 

SR INPUT 

Oo OUTPUT 

-- 1 su 

t WCPL---

- - 1 su 

7Z75095.1 

Conditions 

PE= LOW 

Po to P3 =HIGH 

Fig. 5 Waveforms showing set-up and hold times for SR input and minimum CP pulse width. 

CP INPUT 

CEP INPUT 

CET INPUT 

On OUTPUT 

Fig. 6 Waveforms showing set-up times and hold times for CEP and CET inputs. 

Condition: PE= SR= HIGH. 

766 October 19801 
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4-bit synchronous binary counter with synchronous reset 

-- -- tsu 

CP INPUT 

Pn INPUT 

On OUTPUT ____ ..... / \,___ 
7Z75096.1 

Fig. 7 Waveforms showing set-up times and hold times for Pn inputs. 

CP INPUT 

PE INPUT 

On OUTPUT _X~X.____ 
7Z75094.1 

Fig. 8 Waveforms showing set-up times and hold times for PE input. 

Note 

HEF401638 
MSI 

Conditions 

PE= LOW 

SR= HIGH 

Condition 

SR= HIGH 

Set-up and hold times are shown as positive values but m~y be specified as negative values. 

(October 1980 767 



HEF401638 
MSI 

SR LJ (synchronous) 

PE 

r----------------------

r----------------------
----!------'----------------------------... - -- -- - - -- --- ---------

L----------------------
....---+----.-- - --------- ----------

L----- ---- ------------

CP 

CEP 

GET 

Oo ----, 
---- I 

01 ----, 
----

02 ----
03 ----
TC 

12 13 14 15 0 2 

I 
i----- count ----·----- inhibit ----reset preset 7Z85118 

Fig. 9 Timing diagram. 
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4-bit synchronous binary counter with synchronous reset 

APPLICATION INFORMATION 

An example of an application for the HEF40163B is: 

• Programmable binary counter. 
clock 

CEP 
CET 

------<CP 

SR 

PE 

HEF40163B 

HEF40163B 

HEF40163B 

HEF40163B 

HEF40163B 

TC 

7Z85121 

NOTE 

HEF40163B 
MSI 

On the TC outputs, glitches can occur 
during counting. In totally synchronous 
mode they will not have any adverse 
affect. However the TC output in 
asynchronous mode can cause problems. 

Fig. 10 Synchronous mu I ti-stage 
counting scheme. 

October 1980 769 





HEX D-TYPE FLIP-FLOP 

HEF40174B 
MSI 

The HEF40174B is a hex edge-triggered D-type flip-flop with six data inputs (Do to D5), a clock input 
\CP), an overriding asynchronous master reset input (MR), and six buffered outputs (Oo to 05). 
Information on Do to D5 is transferred to Oo to 05 on the LOW to HIGH transition of CP if MR is 
HIGH. When LOW, MR resets all flip-flops (Oo to 05 =LOW) independent of CP and Do to 05. 

3 4 6 11 13 14 

Do D1 D2 D3 D4 D5 

L-; D Or ~ I- ,__ t- '- i- '- 1-- .._ t-

CP FF FF FF FF FF ..-- FF 
r--

1 
r-- 2 r- 3 r- 4 I 5 6 

Co 

9 CP 
9 <;> Q 9 0 Q 

1 MR Oo 01 02 03 04 05 

7273706.2 2 5 7 10 12 15 

Fig. 1 Functional diagram. 

HEF40174B 

7Z73705 

Fig. 2 Pinning diagram. 

HEF40174BP: 16-lead DIL;plastic 
(SOT-38Z). 

HEF40174BD: 16-lead DI L; ceramic 
(cerdip) (SOT-74). 

HEF40174BT: 16-lead mini-pack; plastic 
(S0-16; SOT-109A). 

FAMILY DATA 
\see Family 

J Specifications loo LIMITS category MSI 

G Products approved to CECC 90 104-097. 

data inputs 

PINNING 

o0 to D5 

CP clock input (LOW to HIGH; edge-triggered) 

MR master reset input (active LOW) 

Oo to 05 buffered outputs 

FUNCTION TABLE 

inputs output 

CP D MR 0 

..r H H H 

.F L H L 

"- x H no change 
x x L L 

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

J = positive-going transition 
"- = negative-going transition 
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MSI 
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Hex D-type flip-flop Jl HEF401748 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times ,_s; 20 ns 

,-----------------------,-----T---------~--- ------------~~-~ Voo I . typical extrapolation V symbo mm. typ. max. 
formula 

Propagation delays r CP -on 5 75 155 ns 48 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 trHL 30 65 ns 119 ns + (0,23 ns/pF) CL 

15 20 45 ns 12ns+(~16n~pFICL 

5 75 155 ns 48 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 30 65 ns 19 ns + (0,23 ns/pF) CL 

15 20 45 ns 12 ns + (0, 16 ns/pF) Ct_ 

MR-On 5 85 175 ns 58 ns + {0,55 ns/pF) CL 
HIGH to LOW 10 trHL 35 70 ns 24 ns + (0,23 ns/pF) CL 

15 25 50 ns 17 ns+ (0,16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) Ct_ 
15 20 40 ns 6 ns + (0,28 ns/pF) Ct_ 

5 60 120 ns 10 ns + ( 1,0 ns/pF) Ct.. 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) Ct.. 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

Set-up time 5 I 20 10 ns 

Dn -- CP 10 I tsu 10 5 ns 
15 10 5 ns 

Hold time 5 10 0 ns 

Dn -er 10 tho Id 5 0 ns 
15 5 0 ns 

Minimum clock 5 70 35 ns 
pulse width; LOW 10 twcr1.. 30 15 ns see also waveforms 

15 20 10 ns Fig. 4 

Minimum MR pulse 5 70 35 ns 
width; LOW 10 twMRL 35 15 ns 

15 25 10 ns 

Recovery time 5 45 25 ns 
for MR 10 tRMR 20 10 ns 

15 15 5 ns 

Maximum clock 5 5 11 MHz 
pulse frequency 16 fmax 15 30 MHz 

15 20 45 MHz 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f0 = output freq. (MHz) 

Dynamic power 5 3500 fi + ~(f0CLl x v00 2 CL= load capacitance (pF) 
dissipation per 10 16 ooo fi + ~(f0CL) x v002 ~(f0CLl =sum of outputs 
package (P) 15 42 ooo fi + ~(f0CLl x Vo 0 2 Voo =supply voltage (V) 

( Ootob" 1980 773 



HEF401748 
MSI 

CP INPUT 

Dn INPUT 

MR INPUT 

-tWMRL-

Fig. 4 Waveforms showing minimum pulse widths for CP and MR, MR to CP recovery time, and set-up 
time and hold time for Dn to CP. Set-up and hold times are shown as positive values but may be 
specified as negative values. 

APPLICATION INFORMATION 

Some examples of applications for the HEF40174B are: 

• Shift registers 

• Buffer/storage register 

• Pattern generator 

n4 Ootobec 1980 I 



HEF401758 
MSI 

QUADRUPLE D-TYPE FLIP-FLOP 

The HEF40175B is a quadruple edge-triggered D-type flip-flop with four data inputs (Do to 03), a 
clock input (CP), an overriding asynchronous master reset input (MR). four buffererl outputs (Oo to 
03), and four complementary buffered outputs (Oo to 03). Information on Do to 03 is transferred to 
Oo to 03 on the LOW to HIGH transition of CP if MR is HIGH. When LOW, MR resets all flip-flops 
(Oo to 03 =LOW, Oo to 03 =HIGH), independent of CP and Do to D3. 

4 5 12 13 

Do D1 D2 D3 

'--; D Ot--- L-- 1--- '--- f-- '--- 1---

,......, CP FF .--- FF .--- FF .--- FF 
1 2 3 4 

6t- 1---i t---i t---i 

Co 

9 CP 
Q <;> 0- ~ 

- -
1 MR Do Do 01 01 02 02 03 03 

7 Z73 708.2 3 2 6 7 11 10 14 15 

Fig. 1 Functional diagram. 

HEF40175B 

?273707 

Fig. 2 Pinning diagram. 

HEF40175BP: 16-lead OIL; plastic 
(SOT-38Z). 

HE F40175BD: 16-lead DI L; ceramic 
(cerdip) (SOT-74). 

HEF40175BT: 16-lead mini-pack; plastic 
(S0-16; SOT-109A). 

FAMILY DATA l see Family 

loo LIMITS category MSI j Specifications 

data inputs 

PINNING 

o0 to o3 

CP 

MR 

clock input (LOW to HIGH; edge-triggered) 

master reset input (active LOW) 

o0 to o3 buffered outputs 

Do to 03 complementary buffered outputs 

FUNCTION TABLE 

inputs outputs 

CP D MR 0 0 

f H H H L 
f L H L H 
\_ x H no change no change 
x x L L H 

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

J =positive-going transition 
\.. =negative-going transition 

~ Products approved to CECC 90 104-098. I ( M,,,.~ 775 



HEF401758 
MSI 

0 

g-f>o----1 

776 Ootob" 1980 I 
44 

c.. I~ u 

0-- 16'1 : 

0-10 

0-- 0 

o- ,g 

0-oo 

"' ,._ 
N 

E e 
Cl 

"' :0 
'-' 
'Ci 
0 

_J 

Ci 
u.. 



Quadruple D-type flip-flop J 
---

HEF40175B 
MSI 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times< 20 ns 

~;oo '''"!' 
Voo symbol min. typ. max. 

typical extrapolation 
v formula 

- On, On 5 80 160 ns 53 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 35 70 ns 24 ns + (0,23 ns/pF) CL 

15 25 50 ns 17 ns + (0,16 ns/pF) CL 

5 70 140 ns 43 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 30 65 ns 19 ns + (0,23 ns/pF) CL 

15 25 45 ns 17 ns + (0,16 ns/pF) CL 

MR--- On 5 75 155 ns 48 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 30 65 ns 19 ns + (0,23 ns/pF) CL 

15 25 50 ns 17 ns + (0, 16 ns/pF) CL 

MR-On 5 70 140 ns 43 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 30 65 ns 19ns+(~23n~pF)CL 

15 25 50 ns 17 ns + (0, 16 ns/pF) CL 

Output transition 
times 5 60 120 ns 10 ns + (1,0 ns/pF) CL 

HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) CL 
15 20 40 ns 6 ns + (0,28 ns/pF) CL 

5 60 120 ns 10 ns + ( 1 ,0 ns/p F) CL 
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

15 20 40 ns 6 ns + (0,28 ns/pF) CL 

Set-up time 5 60 30 ns 
Dn -cP 10 tsu 20 10 ns 

15 15 5 ns 

Hold time 5 25 -5 ns 
Dn-CP 10 tho Id 10 0 ns 

15 10 0 ns 

Minimum clock 5 90 45 ns 
pulse width; LOW 10 twcPL 35 15 ns see also waveforms 

15 25 10 ns Fig. 4 

Minimum MR pulse 5 80 40 ns 
width; LOW 10 twMRL 30 15 ns 

15 20 10 ns 

Recovery time 5 0 -30 ns 
for MR 10 tRMR 0 -20 ns 

15 
I 

0 -15 ns 

Maximum clock 5 5 11 MHz 
pulse frequency 10 t::_ 15 30 MHz 

15 20 45 MHz 

( Octob" 1980 777 



HEF401758 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; input transition times< 20 ns 

l V~o ~~al formula for P (µW) 
where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 2000 fi + ~(f0CL) x Vo 0 2 CL= load capacitance (pF) 
dissipation per 10 8400 fi + ~(f0CL) x v00 2 ~(f0CL) =sum of outputs 
package (P) 15 22 500 fi + ~(f0CL) x Vo 0 2 Voo =supply voltage (V) 

CP INPUT 50°/o 50°/o 50°/o 

Dn INPUT 

MR INPUT 

--tWMRL--

Fig. 4 Waveforms showing minimum pulse widths for CP and MR, MR to CP recovery time, and set-up 
time and hold time for Dn to CP. Set-up and hold times are shown as positive values but may be 
specified as negative values. 

APPLICATION INFORMATION 

Some examples of applications for the HEF40175B are: 

• Shift registers 

• Buffer/storage register 

• Pattern generator 

778 October 1980 



4-BIT UP /DOWN DECADE COUNTER 

HEF401928 
MSI 

The HEF4Cl'192B is a 4-bit synchronous up/down decade counter. The counter has a count-up clock 
input (CPu), a count-down clock input (CPo), an asynchronous parallel load input (PL), four parallel 
data inputs (Po to P3), an asynchronous master reset input (MR), four counter outputs (Oo to 03), an 
active LOW terminal count-up (carry) output (TCu) and an active LOW terminal count-down (borrow) 
output (TCo). 

The counter outputs change state on the LOW to HIGH transition of either clock input. However, for 
correct counting, both clock inputs cannot be LOW simultaneously. The outputs TCu and TCo are 
normally HIGH. When the circuit has reached the maximum count state of '9', the next HIGH to LOW 
transition of CPu will cause TCu to go LOW. TCu will stay LOW until CPu goes HIGH again. Likewise, 
output TCo will go LOW when the circuit is in the zero state and CPo goes LOW. When PL is LOW, 
the information on Po to P3 is asynchronously loaded into the counter. A HIGH on MR resets the 
counter independent of all other input conditions. The counter stages are of a static toggle type flip-flop. 

15 1 10 9 

Po P1 P2 P3 
-

PARALLEL LOAD 11 PL JI .., 
CIRCUITRY 

HEF40192B 

5 CPu Co/So 
-
TCu 12 7Z 6952 2.1 

4 CP0 UP/DOWN 
-

COUNTER TC 0 13 
Fig. 2 Pinning diagram. 

14 MR 

PINNING 

PL 

Po to P3 

CPu 

CPo 

MR 

TCu 

TCo 

Oo to 03 

Co 

Oo 01 02 03 

13 2 6 17 
7Z69546.3 

Fig. 1 Functional diagram. 

parallel load input (active LOW) 

parallel data inputs 

HEF40192BP: 16-lead OIL; plastic (SOT-38Z). 
HEF40192BD: 16-lead OIL; ceramic (cerdip) (SOT-74). 
HEF40192BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

count-up clock pulse input (LOW to HIGH, edge-triggered) 

count-down clock pulse input (LOW to HIGH, edge-triggered) 

master reset input (asynchronous) 

buffered terminal count-up (carry) output (active LOW) 

buffered terminal count-down (borrow) output (active LOW) 

buffered counter outputs 

FAMILY DATA 

loo LIMITS category MSI 

G Products approved to CECC 90 104-099. 779 
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Po PL 

vv 
'7 
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7 
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So 
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._,,__~~~~~~-+--+-~~~~--4>--~~~~~~~-+--+ m 
'--~---.~~~-t-~~~~~~~1--<..._~~~~~~~~~~~~~1-+ n 

MR-t> 
? 

7269715.1 o, 

Fig. 3 Logic diagram (continued on next page). 
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4-bit up/down decade counter 

d ______ __....__-++---

HEF40192B 
MSI 

f -+-+--------IH+---++----+---1-·--- -.-++---++-H------··--<>-···----t-t-; 
9-+-+------+--1H+---++-----+--+--~--·~+-~+-·-++-H-----r-?--~Tr---, 
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I .,.. , , 

m -~~----+--· ---
n ->--

7Z69716.1 

Fig. 3 Logic diagram (continued). 
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HEF40192B 
MSI 

li __ + 

~ 

mode I 
reset (asyn.) 
para I lei load 
count-up 
count-down 

-- count up ----- count down 7ze9s7s 

Fig. 4 State diagram. 

A.C. CHARACTERISTICS 

Vss = O V; T amb = 25 °c; input transition times~ 20 ns 

Dynamic power 
dissipation per 
package (P) 

M,y 1983 J 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X =state is immaterial 
.f = positive-going transition 

Logic equations for terminal count: 



4-bit up/down decade counter HEF401928 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pf; input transition times.;;;; 20 ns 
-----· ----·-----·-

Voo symbol min. typ. max. 
typical extrapolation 

v formula 

Propagation delays 
CPu-On 5 210 415 ns 183 ns + (0,55 ns/pf) CL 

I 
HIGH to LOW 10 tPHL 85 165 ns 74 ns + (0,23 ns/pf) CL 

15 60 120 ns 52 ns + (0, 16 ns/pf) CL 

5 170 340 ns 143 ns + (0,55 ns/pf) CL 
LOW to HIGH 10 tPLH 70 140 ns 59 ns + (0,23 ns/pf) CL 

15 50 100 ns 42 ns+ (0,16 ns/pf) CL 

CPo-On 5 210 420 ns 183 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 85 170 ns 74 ns + (0,23 ns/pF) CL 

15 65 125 ns 57 ns+ (0,16 ns/pF) CL 

5 170 340 ns 143 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 70 140 ns 59 ns + (0,23 ns/pF) CL 

15 50 100 ns 42 ns + (0,16 ns/pF) CL 

cPu -Tcu 5 125 250 ns 98 ns + (0,55 ns/pf) CL 
HIGH to LOW 10 tPHL 50 100 ns 39 ns + (0,23 ns/pf) CL 

15 35 70 ns 27 ns + (0, 16 ns/pF) CL 

5 95 185 ns 68 ns + (0,55 ns/pf) CL 
LOW to HIGH 10 tPLH 40 80 ns 29 ns + (0,23 ns/pF) CL 

15 30 60 ns 22 ns + (0, 16 ns/pF) CL 

CPo-TCo 5 140 280 ns 113 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 55 110 ns 44 ns + (0,23 ns/pF) CL 

15 40 80 ns 32 ns + (0, 16 ns/pf) CL 

5 100 195 ns 73 ns + (0,55 ns/pf) CL 
LOW to HIGH 10 tPLH 40 85 ns 29 ns + (0,23 ns/pF) CL 

15 30 65 ns 22 ns + (0, 16 ns/pf) CL 

MR -on 5 195 390 ns 168 ns + (0,55 ns/pf) CL 
HIGH to LOW 10 tPHL 80 160 ns 69 ns + (0,23 ns/pf) CL 

15 60 120 ns 52 ns + (0, 16 ns/pf) CL 
-

MR -Tcu 5 145 285 ns 118 ns + (0,55 ns/pf) CL 
LOW to HIGH 10 tPLH 60 115 ns 49 ns + (0,23 ns/pf) CL 

15 45 90 ns 37 ns+ (0,16 ns/pF) CL 

MR -Teo 5 365 730 ns 338 ns + (0,55 ns/pf) CL 
HIGH to LOW 10 tPHL 130 265 ns 119 ns + (0,23 ns/pF) CL 

15 100 205 ns 92 ns + (0,16 ns/pF) CL 

PL -on 5 185 360 ns 158 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 75 150 ns 64 ns + (0,23 ns/pf) CL 

15 55 110 ns 47~+(~16n~pF)CL 

5 145 290 ns 118 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 60 120 ns 49 ns + (0,23 ns/pf) CL 

15 45 90 ns 37 ns + (0, 16 ns/pf) CL 

( Ootob" 1980 783 



HEF401928 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °c; CL= 50 pF; input transition times< 20 ns 
---------,-

Voo symbol min. typ. max. v 

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 

Set-up time 5 160 80 ns 

Pn - PL 10 tsu 60 30 ns 
15 50 25 ns 

Hold time 5 10 -70 ns 
Pn - PL 10 tho Id 5 -25 ns 

15 5 -20 ns 

Minimum CPu or CPo 5 150 75 ns 
pulse width; LOW 10 twcPL 50 25 ns 

15 35 20 ns 

Minimum MR 5 180 90 ns 
pulse width; HIGH 10 twMR 70 35 ns 

15 60 30 ns 

Minimum PL 5 120 60 ns 
pulse width; LOW 10 twPLL 45 20 ns 

15 30 15 ns 

Recovery time 5 125 65 ns 
for MR 10 tRMR 70 35 ns 

15 50 25 ns 

Recovery time 5 90 45 ns 
for PL 10 tRPL 35 15 ns 

15 25 10 ns 

Maximum clock 5 2,5 5 MHz 
pulse frequency 10 fmax 7 14 MHz 

15 9 18 MHz 

784 H M,y 19831 

typical extrapolation 
formula 

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

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

see also waveforms 
Fig. 5 



4-bit up/down decade counter 

CPu or CP0 

INPUT 

PL INPUT 

Pn INPUT 

MR INPUT 

-+-- twcPL-

-tsu--thald-

Ii-+- twMRH\1.-tRMR._ 

HEF40192B 
MSI 

~S0°k ~O"lo 
~~~~~~~~~~~~~~--- --~~~~~~~~~~-

7Z69717.1 

Fig. 5 Waveforms showing recovery times for PL and MR, minimum pulse widths for CPu, CPo, PL 
and MR, and set-up and hold times for P to PL. Set-up times and hold times are shown as positive 
values but may be specified as negative values. 
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MR 

PL 

l l 
~ 

LflSLf1-fY 
l J J-L~ 

I I I I I 
o, 

I I 

I 

I 
TCu LJ 

T 0 7 8 9 0 1 2 1 

Fig. 6 Timing diagram. 

APPLICATION INFORMATION 
Some examples of applications for the HEF40192B are: 

• Up/down difference counting 
• Multistage ripple counting 
• Multistage sunchronous counting. 

clock 
up 

Po P1 P2 P3 
CP u 

a I 9 

TCu 
clock 
down 

HEF40192B 
CPo TCo 

Oo 01 02 03 MR PL 

MR~~~~~~~~_.~+-~~~~~~~~~---' 

PL ~~~~~~~~~~-..~~~~~~~~~~-7~Z~8.-41-7~1 

Fig. 7 Example of cascaded HEF40192B I Cs. 
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4-BIT UP /DOWN BINARY COUNTER 

HEF40193B 
MSI 

The HEF40193B is a 4-bit synchronous up/down binary counter. The counter has a count-up clock 
input (CPul, a count-down clock input (CPo), an asynchronous parallel load input (PL), four parallel 
data inputs (Po to P3). an asynchronous master reset input (MR), four counter outruts IOo to 03), 3n 
active LOW terminal count-up (carry) output (TCu) and an active LOW terminal count-down (borrow) 
output (TCo). 

The counter outputs change state on the LOW to HIGH transition of either clock input. However, for 
correct counting, both clock inputs cannot be LOW simultaneously. The outputs TCu and TCo are 
normally HIGH. When the circuit has reached the maximum count state of '15', the next HIGH to LOW 
transition of CPu will cause TCu to go LOW. TCu will stay LOW until CPu goes HIGH again. likewise, 
output TCo will go LOW when the circuit is in the zero state and CPo goes LOW. When PL is LOW, the 
information on Po to P3 is asynchronously loaded into the counter. A HIGH on MR resets the counter 
independent of all other input conditions. The counter stages are of a static toggle type flip-flop. 

115 1 10 9 

j_Po P1 P2 P3 

-·-· 
PARALLEL LOAD 11 PL 

.)I 
CIRCUITRY 

l 
5 CPu Co/So 

4 CPD UP/DOWN 

COUNTER 
14 MR 

Co 

loo o, 02 03 

T3 2 6 7 

-
TCu 12 

--
TC 0 13 

7Z69546.3 

HEF401938 

Fig. 2 Pinning diagram. 

HEF40193BP: 16-lead DIL; plastic (SOT-38Z). 
HE F40193BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HEF40193BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

Fig. 1 Functional diagram. 

PINNING 

PL 

Po to P3 

CPu 

CPo 

MR 

TCu 

TCo 
o0 to 03 

parallel load input (active LOW) 

para I lei data inputs 

count-up clock pulse input (LOW to HIGH, edge-triggered) 

count-down clock pulse input (LOW to HIGH, edge-triggered) 

master reset input (asynchronous) 

buffered terminal count-up (carry) output (active LOW) 

buffered terminal count-down (borrow) output (active LOW) 

buffered counter outputs 

FAMILY DATA 
I 

f 
see Family Specifications 

loo LIMITS category MSI 

~ Products approved to CECC 90 104-100. ) (May 1983 787 
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Fig. 3 Logic diagram (continued on next page). 
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4-bit up/down binary counter 

P2 P3 CPo v v v 
? ? 

<;> 

b 
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e 

rt 
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h 

Fig. 3 Logic diagram (continued). 

CPu v 
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-

HEF40193B 
MSI 
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HEF40193B 
MSI 

FUNCTION TABLE 

MR PL CPu 

H x x 
L L x 
L H _f 

L H H 

CPo mode 

x reset (asyn.) 
x parallel load 
H count-up 
_f count-down 

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

Logic equations for terminal count: 

TCu = Oo· 01·02· 03· CPu 

TCo = Oo· 01·02· 03· CPo 

-- count up - - - - count down nogs7s 

Fig. 4 State diagram. 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; input transition times.:;; 20 ns 

·-----, 
Voo typical formula for P (µW} 

where 
v fi = input freq. (MHz} 

f 0 =output freq. (MHz} 
Dynamic power 5 600 fi + L(foCLl x Voo 2 CL= load capacitance (pF} 

dissipation per 10 2700 fi + L(foCLl x Voo 2 L(f0 CL) =sum of outputs 
package (P) 15 7500 fi + L(foCL) x Voo 2 Voo =supply voltage (V) 
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4-bit up/down binary counter 

A.C. CHARACTERISTICS 

Vss = O V; Tamb = 25 °c; CL= 50 pF; input transition times< 20 ns --·-·----------- ---~,t~ 
typ. max. V~o symbol min. 

pagation delays I 
Pu-on 5 I 210 415 ns 

HIGH to LOW 10 trHL I 
85 165 ns 

15 60 120 ns 

~ c 

5 170 340 ns 
LOW to HIGH 10 tPLH 70 140 ns 

15 50 100 ns 

c Po-On 
! 

5 210 425 ns 
HIGH to LOW 10 trHL 85 170 ns 

15 60 125 _ns 

5 170 340 ns 
LOW to HIGH 10 trLH 70 140 ns 

15 50 100 ns 
-c Pu-TCu 5 125 250 ns 

HIGH to LOW 10 1PHL 50 100 ns 
15 35 70 ns 

5 95 185 ns 
LOW to HIGH 10 I trLH 40 80 ns 

15 
I 

30 60 ns 

Po-TCo 5 I 140 280 ns c 
HIGH to LOW 10 trHL 55 110 ns 

15 40 80 ns 

5 100 195 ns 
LOW to HIGH 10 trLH 40 85 ns 

15 30 65 ns 

M R -on 5 195 390 ns 
HIGH to LOW 10 tPHL 80 160 ns 

15 60 120 ns 

M R -Tcu 5 145 285 ns 
LOW to HIGH 10 trLH 60 115 ns 

15 45 90 ns 

M R -Teo 5 365 730 ns 
HIGH to LOW 10 tPHL 130 265 115 

15 100 205 ns 

p L -on 5 185 360 ns 
HIGH to LOW 10 trHL 75 150 ns 

15 55 110 ns 

5 145 290 ns 
LOW to HIGH 10 tPLH 60 120 ns 

15 45 90 ns 
----'--

HEF40193B 
MSI 

typical extrapolation 
formula 

183 ns + (0,55 ns/pF) CL 
74 ns + (0,23 ns/pF) CL 
52 ns + (0,16 ns/pF) CL 

143 ns + (0,55 ns/pF) CL 
59 ns + (0,23 ns/pF) CL 
42 ns + (0,16 ns/pF) CL 

183 ns + (0,55 ns/pF) CL 
74 ns + (0,23 ns/pF) CL 
57 ns + (0,16 ns/pF) CL 

143 ns + (0,55 ns/pF) CL 
59 ns + (0,23 ns/pF) CL 
42 ns + (0,16 ns/pF) CL 

98 ns + (0,55 ns/pF) CL 
39 ns + (0,23 ns/pF) CL 
27 ns + (0,16 ns/pF) CL 

68 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22m+(~16n~pF)CL 

113 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns + (0,16 ns/pF) CL 

73 ns + (0,55 ns/pF) CL 
29 ns + (0,23 ns/pF) CL 
22 ns+ (0,16 ns/pF) CL 

168 ns + (0,55 ns/pF) CL 
69 ns + (0,23 ns/pF) CL 
52 ns+ (0,16 ns/pF) CL 

118 ns + (0,55 ns/pF) CL 
49 ns + (0,23 ns/pF) CL 
37 ns + (0, 16 ns/pF) CL 

338 ns + (0,55 ns/pF) CL 
119 ns + (0,23 ns/pF) CL 
92 ns+ (0,16 ns/pF) CL 

158 ns+ (0,55 ns/pF) CL 
64 ns + (0,23 ns/pF) CL 
47 ns+ (0,16 ns/pF) CL 

118 ns + (0,55 ns/pF) CL 
49 ns + (0,23 ns/pF) CL 
37 ns+ (0,16 ns/pF) CL 

(October 1980 791 
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HEF401938 
MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL = 50 pF; input transition times< 20 ns 

Voo symbol min. typ. max. v 

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 

::;ct-up time 

I 

::; 160 80 ns 

Pn - PL 10 tsu 60 30 ns 
15 50 25 ns 

Hold time 5 10 -70 ns 

Pn - PL 10 tho Id 5 -25 ns 
15 5 -20 ns 

Minimum CPu or CPo 5 I 150 75 ns 
pulse width; LOW 10 twcPL 50 25 ns 

15 35 20 ns 

Minimum MR 

I 
5 180 90 ns 

pulse width; HIGH 10 twMRH 70 35 ns 
15 60 30 ns 

Minimum PL 5 120 60 ns 
pulse width; LOW 10 twPLL 45 20 ns 

15 30 15 ns 

Recovery time 5 125 65 ns 
for MR 10 tRMR 70 35 ns 

15 50 25 ns 

Recovery time 5 90 45 ns 
for PL 10 tRPL 35 15 ns 

15 25 10 ns 

Maximum clock 5 2,5 5 MHz 
pulse frequency 10 fmax 7 14 MHz 

15 9 18 MHz 

May 1983 ]_ 

typical extrapolation 
formula 

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

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

I 

see also waveforms 
Fig. 5 



4-bit up/down binary counter 

CPu or CP0 

INPUT 

Pl INPUT 

Pn INPUT 

MR INPUT 

-tsu--thold-

v==tWMRH~,.._tRMR_. 

HEF401938 
MSI 

~50°k ~500/o 
~~~~~~~~~~~~~~-.J --~~~~~~~~~~-

7Z69717.1 

Fig. 5 Waveforms showing recovery times for PL and MR, minimum pulse widths for CPu, CPo, PL 
and MR, and set-up and hold times for P to PL. Set-up times and hold times are shown as positive 
values but may be specified as negative values. 

(October 1980 793 



HEF40193B 
MSI 

MR 11 
PL -u-1-J 

CPo 

I 

0 

fl-fl-1-fW'~ 

I I I 

I 

I 

I 
L 

13 14 15 0 1 2 

Fig. 6 Timing diagram. 

APPLICATION INFORMATION 

Some examples of applications for the HE F40193B are: 

• Up/down difference counting 
• Multistage ripple counting 
• Multistage synchronous counting 

clock 
up CP u 

Po P1 P2 P3 

I I I 

I I 

I 

I 

1 a I 15 

TCu 

clock 
down 

HEF40193B 
CPo TCo 

Do 01 02 03 MR PL 

HEF40193B 
CPo TCo 

Oo 01 02 03 MR PL 

MR -----------+--------------' 
PL -----------+-----------7~Z~8-4-17~2 

Fig. 7 Example of cascaded HEF40193B I Cs. 
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HEF40194B 
MSI 

4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

The HEF40194B is a 4-bit bidirectional shift register with two mode control inputs (So and S1), a 
clock input (CP), a serial data shift left input (DsL), a serial data shift right input (DsR), four parallel 
data inputs (Po to P3), an overriding asynchronous master reset input (MR), and four buffered parallel 
outputs (Oo to 03). Wh~ LOW, MR resets all stages and forces Oo to 03 LOW, overriding all other 
input conditions. When MR is HIGH, the operation mode is controlled by So and S1 as shown in the 
function table. 

Serial and para I lei operation are edge-triggered on the LOW to HIGH transition of CP. The inputs at 
which the data are to be entered and So, S1 must be stable for a set-up time before the LOW to HIGH 
transition of CP. 

2 3 4 5 6 

DsR Po P1 P2 P3 

9 So 

CONTROL LOGIC 
10 S1 

11 CP Do Oo 

MR 
FF1 to FF4 

Oo 01 02 

7Z74252.2 15 14 13 

Fig. 1 Functional diagram. 

PINNING 

So,S1 

Po to P3 

DsR 

DsL 

mode control inputs 

parallel data inputs 

serial data shift right input 

serial data shift left input 

7 

DSL 

HEF40194B 

MR 

7274253 

Fig. 2 Pinning diagram. 

HEF40194BP: 16-lead DI L; plastic (SOT-38Z). 
H EF40194BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 

03 H EF40194BT: 16-lead mini-pack; plastic 

12 
(S0-16; SOT-109A). 

CP 

MR 

clock input (LOW to HIGH edge-triggered) 

master reset input (active LOW) 

o0 to 03 buffered para I lei outputs 

FAMILY DATA 
see Family Specifications 

loo LIMITS category MSI 

G Products approved to CECC 90 104-101. 795 
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4-bit bidirectional universal shift register 

FUNCTION TABLE 

HEF401948 
MSI 

1----------- --------- ------------=----------------

inputs (MR= HIGH) outputs attn+ 1 
I 
~~~ating mod_e __ s, So DsR DsL 

hold L L x x 
r------------- ···-·-·---··- ---·---

shift left 
H L x L 
H L _it; !----------- t-----+---

shift right 
L H 
L H 

f-------------- t----- t----

parallel load 
H H x ' x 
H H x l x 

H =HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
tn + 1 = state after next LOW to HIGH transition of CP 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; input transition times,,;; 20 ns 

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

Po to P3 

x 
x 
x 
x 
x 
L 
H 

Voo 
v typical formula for P (µW) 

-

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

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1 500 fi + ~(f0CLl x v 0 0 2 

6900 fi + ~(f0CLl x v00 2 

18900 fi + ~(f0CLl x v00 2 

Oo o, 02 03 

Oo o, 02 03 

o, 02 03 L 

01 02 03 H 

L Oo 01 02 
H Oo 01 02 

L L L L 
H H H H 

where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 
CL= load cap. (pF) 
~(f0CL) =sum of outputs 
Voo =supply voltage (V) 

( Ootobec 1980 797 





0 
~ 
0 
O'" 

"' ., 
tO 
OJ 
0 

" IC 
IC 

Pn• 0 sR· 
DsL -1- 50% 

INPUTS _JI 

-1 
-1thold1-

1su -

-, thold 
-1 tsu -

CP INPUT '50% 

I 1WCPL I 1/fmax ----
-1tPLH1- -1tPHL1-

On OUTPUT 50% 

-1tRMRI-
tPHL 

MR INPUT 50% 

--twMRL 7274255.2 

Fig. 4 Waveforms showing set-up times, hold times for DsR· DsL and Pn inputs; minimum MR pulse width, MR to output delays and MR to CP 
recovery time; minimum CP pulse width and CP to output delays. Set-up and hold times are shown as positive values but may be specified as 
negative values. 
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HEF40194B 
MSI l __ _ 

So,51 INPUT 

CP INPUT 50% 

7Z74254.1 

Fig. 5 Waveforms showing set-up times and hold times for So and S1 inputs. Set-up and hold times 
are shown as positive values but may be specified as negative values. 

APPLICATION INFORMATION 

Some examples of applications for the HEF40194B are: 

• Arithmetic unit register 
• Serial/parallel converter. 

800 Ootob" 1980 ~ 



HEF401958 
MSI 

4-BIT UNIVERSAL SHIFT REGISTER 

The HEF40195B is a fully synchronous edge-triggered 4-bit shift register with a clock input (CP), four 
synchronous parallel data inputs (Po to P3), two synchronous serial data inputs (J, K), a synchronous 
parallel enable input (PE), buffered parallel outputs from all 4-bit positions (Oo to 03), a buffered 
inverted output from the last bit position (03) and an overriding asynchronous master reset input 
(MR). Each rP-gister stage is of a D-type master-slave flip-flop. 
Operation is synchronous (except for MR) and is edge-triggered on the LOW to HIGH transition of the 
CP input. When PE is LOW, data are loaded into the register from Po to P3 on the LOW to HIGH 
transition of CP. When PE is HIGH, data are shifted into the first register position from J and Kand all 
the data in the register are shifted one position to 0_e right on the LOW to HIGH transition of CP. 
D-type entry is obtained by interconnecting J and K. 
When J is HIGH and K is LOW, the first stage is in the toggle mode. When J is LOW and K is HIGH, the 
first stage is in the hold mode. 
A LOW on MR resets all four bit positions (Oo to 03 =LOW, 03 =HIGH) independent of all other 
input conditions. 

9 PE 

2 J 

3 K 

10 CP 

1 MR 

V00 0 0 0 2 0 3 03 CP PE 

HEF40195B 

MR J K P0 P1 P2 P3 V55 

7Z69827 

Fig. 2 Pinning diagram. 

FAMILY DATA 

4 5 6 7 

PARALLEL ENABLE CIRCUITRY 

CPDo D1 D2 D3 

Co 
SHIFT REGISTER 4-BITS 

Oo 01 02 03 03 

15 14 13 12 11 
7Z69826.3 

Fig. 1 Functional diagram. 

H EF40195BP : 16-lead DI L; plastic (SOT-38Z). 
HEF40195BD: 16-lead DI L; ceramic (cerdip) (SOT-74). 
HE F40195BT: 16-lead mini-pack; plastic 

(S0-16; SOT-109A). 

see Family Specifications 
loo LIMITS category MSI 

~ Products approved to CECC 90 104-102. l (May 1983 801 
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4-bit universal shift register 

PINNING 

PE 

Po to P3 

J 

K 

parallel enable input (active LOW) 

parallel data inputs 

first stage J-input (active HIGH) 

first stage K-input (active LOW) 

CP 

MR 

c!ock input (LOW to HIGH edge triggered) 

master reset input (active LOW) 

buffered parallel outputs o0 to 03 

03 buffered inverted output from last stage 

FUNCTION TABLE 

inputs (MR= HIGH) 
operating mode 

PE J R Po P1 

H L L x x 
shift mode 

H L H x x 
H H L x x 
H H H x x 

parallel entry mode L x x L L 
L x x H H 

H = HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 
X =state is immaterial 
tn + 1 =state after next LOW to HIGH transition of CP 

P2 P3 Oo 

x x L 
x x Oo 
x x Oo 
x x H 

L L L 
H H H 

HEF40195B 
MSI 

outputs at tn + 1 

01 02 03 03 

Oo 01 02 02 
Oo 01 02 62 
Oo 01 02 62 
Oo 01 02 62 

L L L H 
H H H L 

(October 1980 803 



HEF40195B 
MSI 

804 

A.C. CHARACTERISTICS 

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

~~~~~~-----------·------+-v_B5_;_--+--~-v~~1~;" ;1~0~5~- 2m1~5x. ___ n_s_-+--_tv_p~ic~a:lf_~;_:_r~_fa_~_-;-;_t--io--n--~---< 
Propagation delays 

CP - On 78 ns + (0,55 ns/pF) CL 
HIGHtoLOW 10 tPHL I 50 95 ns 39ns+(0,23ns/pF)CL 

LOW to HIGH 

CP -- 03 
HIGH to LOW 

LOW to HIGH 

MR-o 
HIGH to 

n 
LOW 

LOW to HIGH 

Output transit 
times 

HIGH to 

ion 

LOW 

LOW to HIGH 

15 35 65 ns 27ns+(0,16ns/pF)CL 

5 I 90 180 ns 63 ns + (0,55 ns/pF) CL 
10 tPLH I' 45 85 ns 34ns+(0,23ns/pF)CL 
15 30 60 ns 22 ns + (0,16 ns/pF) CL 

5 125 2'75 98 ns + (0,55 ns/pF) CL 
10 tPHL 50 
15 35 

5 120 
10 tPLH 50 
15 35 

5 100 
10 tPHL 45 
15 30 

5 125 
10 tPLH 55 
15 40 

5 60 
10 tTHL 30 
15 20 

5 60 
10 tTLH 30 
15 20 

0 

100 
70 

240 
105 
75 

205 
90 
65 

235 
115 
85 

120 
60 
40 

120 
60 
40 

ns 
I ns 

ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

39 ns + (0,23 ns/pF) CL 
27 ns + (0, 16 ns/pF) CL 

93 ns + (0,55 ns/pF) CL 
39 ns + (0,23 ns/pF) CL 
27 ns+ (0,16 ns/pF) CL 

73 ns + (0,55 ns/pF) CL 
34 ns + (0,23 ns/pF) CL 
22 ns + (0,16 ns/pF) CL 

98 ns + (0,55 ns/pF) CL 
44 ns + (0,23 ns/pF) CL 
32 ns + (0,16 ns/pF) CL 

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

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



4-bit universal shift register 

A.C. CHARACTERISTICS 

HEF40195B 
MSI 

Vss = 0 V; T amb = 25 °c; CL= 50 pF; input transition times,;;;; 20 ns 

Pn - CP 

PE -cP 

Hold times 

J, K - CP 

Pn - CP 

PE - CP 

Minimum clock 
pulse width; LOW 

15 

5 
10 tsu 
15 

5 
10 tsu 
15 

5 
10 tho Id 
15 

5 
10 thold 
15 

5 
10 tho Id 
15 

5 
10 twcPL 
15 

Minimum MR 5 
pulse width; HIGH 10 twMRL 

15 

10 

85 
25 
10 

115 
45 
30 

5 

40 
10 

5 

55 
20 
15 

15 -20 
5 -5 
0 -5 

20 --25 
10 -5 
0 -5 

10 -50 
5 -20 
5 -10 

60 30 
25 10 
20 10 

100 
40 
30 

50 
20 
15 

Recovery time 
for MR 

5 30 10 
5 
5 ~~jtRMR I ~~ 

Maximum clock 5 5 10 
pulse frequency 1 0 f max 14 28 

--~ 15 -------- _1~--- ~~-----

ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

I 
ns i 

see also waveforms 
Figs 4 and 5 

ns / 

:Hzl j MHz 

- -~~z --------~---

~ --

------·--------------·---- ,-------

Voo typical formula for P (µW) where 
v fj =input freq. (MHz) 

-- f 0 =output freq. (MHz) 
Dynamic power 5 1900 fi + ~(f0CL) x v 002 CL= load capacitance(pF) 

dissipation per 10 8300 fi + ~(f0CLl x Voo2 ~(f0CLl =sum of outputs 
package (P) 15 22 800 fi + ~(f0CL) x V 00 2 Voo =supply voltage (V) 

( Ootob" 1980 805 
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0 
n s 
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"' .., 
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co 
00 
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Pn, J, K 
INPUTS 

CP INPUT 

On OUTPUT 

50% 

-1 1hold 
-1 tsu 

50% 

-1tPl.'.H1-

50% 

-1 1hold 
~1 tsu ~ 

1 1WCPL I 1 /f max ----
-1tPHL1-

-1tRMRI--
1PHL-I 1-

MR INPUT .\- 50% 

--twMRL--1 1zsss31.2 

Fig. 4 Waveforms showing set-up times, hold times for J, Kand Pn inputs; minimum MR pulse width, MR to output delays and MR to CP 
recovery time; minimum CP pulse width and CP to output delays. Set-up and hold times are shown as positive values but may be specified as 
negative values. 
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4-bit universal shift register 

PE INPUT 

CP INPUT 

7Z69830.2 

HEF401958 
MSI 

Fig. 5 Waveforms showing set-up and hold times for PE input. Set-up and hold times are shown as 
positive values but may be specified as negative values. 

APPLICATION INFORMATION 

Some examples of applications for the HEF40195B are: 

• Serial data transfer 
• Parallel data transfer 
• Serial to parallel data transfer 
• Parallel to serial data transfer 

October 1980 807 





HEF402408 
buffers 

OCT AL BUFFERS WITH 3-ST A TE OUTPUTS 

The HEF402408 is an octal inverting buffer with 3-state outputs. It features output stages with high 
current output capability suitable for driving highly capacitive loads. 

The 3-state outputs are controlled by the output enable inputs EOA and E09.A HIGH on EO causes 
the outputs to assume a high impedance OFF-state. The device also features hysteresis on all inputs to 
improve noise immunity. 
Schmitt-trigger action in the inputs makes the circuit highly tolerant to slower input rise and fall times. 

The HEF402408 is pin and functionally compatible with the TTL'240' device. 

2 1A1 OA1 18 

4 1A2 0A2 16 

6 1A3 OA3 14 

8 1A4 OA4 12 

1 EOA 

11 1s1 Os1 9 

13 1s2 Os2 7 

15 1s3 Os3 5 

17 1B4 Os4 3 

19 Ec'is 

7286699 

Fig. 1 Functional diagram. 

Voo 

EOB 

0A1 

1B4 

OA2 
HEF40240B 

1B3 

OA3 

1s2 

OA4 

Fig. 2 Pinning diagram. 

HEF40240BP: 20-lead OIL; plastic (SOT-146). 
HEF40240BT: 20-lead mini-pack; plastic 

(S0-20; SOT-163A). 

PINNING 

IA1 to IA4 } 
I I inputs 
81 to 84 

QA 1 to 0 A4 } bus outputs 
091to094 
EOA, EOs output enable inputs (active LOW) 

FAMILY DATA \ 

J see Family Specifications 
loo LIMITS category buffers 

809 



HEF40240B 
buffers 

7286701 

Fig. 3 Logic diagram (one buffer). 

RATINGS 

TRUTH TABLE 

inputs output 

In EO On 

H L L 
L L H 
x H z 

L___. 

H =HIGH state (the more 
positive voltage) 

L = LOW state (the less 
positive voltage) 

X =state is immaterial 
Z = high impedance off 

state 

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

See Family Specifications except for: 

D.C. current into any input 

D.C. source or sink current into any output 

D.C. current into the supply terminals 

D.C. CHARACTERISTICS 

Vss = o v 

Voo 
parameter 

v 

Output current 5 

I HIGH 10 
15 

Output current 5 
HIGH 10 

15 

Output current 5 

~ 
LOW 10 

15 

Hysteresis 5 
voltage 10 
(any input) 15 

810 Sop1'mbec 19821 

VoH Vol 

v v 

3,6 -

8,4 -
13,2 -

4,6 -

9,5 -
13,5 -

- 0,4 
- 0,5 
- 1,5 

- -
- -

- -

symbol 

-loH 
-loH 
-loH 

-loH 
-loH 
-loH 

loL 
loL 
loL 

VH 
VH 
VH 

-40 
min. typ. 

9,3 -

14,4 -

19,5 -

0,75 -

1,85 -

14,5 -

2,9 -
9,5 ... 

30,0 -

- -

- -

- -

± ,, 

± 'o 
±1 

Tamb (OC) 
+25 

min. typ. 

10,0 24,0 
15,0 46,0 
20,0 62,0 

0,6 1,2 
1,5 3,0 

15,0 50,0 

2,3 5,4 
7,6 17,0 

25,0 45,0 

- 220,0 
- 250,0 
·- 320,0 

max. 

max. 

max. 

+85 
min. typ. 

10,7 -

15,0 -

19,8 -

0,45 -

1, 1 -· 

15,5 -

1,75 -·· 

5,50 -
19,0 --

- -

- -

- -

10 mA 

25 mA 

100 mA 

unit 

mA 
mA 
mA 

mA 
mA 
mA 

mA 
mA 
mA 

mV 
mV 
mV 



Octal buffers with 3-state outputs 

IVoo-VoHI IV) 
-2 -1 

-25 

-50 

-75 

7Z85536 

HEF402408 
buffers 

( 1) P-channel MOS transistor conducting. 
(2) P-channel MOS transistor and bipolar 

n-p-n transistor conducting. 

~:cc 
_.j~N 
~ Vss 

/Z85534 

Fig. 4 Typical output source current characteristic. Fig. 5 Schematic diagram of output stage. 

A.G. CHARACTERISTICS 

Vss = 0 V; Tamb ~ 25 °c; input transition times< 20 ns 

all buffers switching Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 4 250 fi + L UoCL) x Voo 2 CL= load capacitance (pF) 
dissipation per 10 17 000 fi + L (foCL) x Voo 2 L (f0 CL) =sum of outputs 
package (P) 15 46 000 fi + L (foCL) x Voo 2 Voo =supply voltage (V) 

(s,ptemboc 1982 811 



HEf 402408 
buffers 

A.C. CHARACTERISTICS 

Vss = 0 V; T amb = 25 °c; CL = 50 pF; input transition times.;;; 20 ns 

parameter Voo symbol min. typ. max. unit 
typical extrapolation 

v formula 

Propagation delays 

An - Bn 5 95 190 ns 83 ns + (0,24 ns/pF) CL 
HIGH to LOW 10 tPHL 40 80 ns 35 ns + (0,10 ns/pF) CL 

15 30 60 ns 26 ns + (0,07 ns/pF) CL 

An - Bn 5 85 170 ns 82 ns + (0,06 ns/pF) CL 
LOW to HIGH 10 tPLH 40 80 ns 38 ns + (0,03 ns/pF) CL 

15 30 60 ns 29 ns + (0,02 ns/pF) CL 

0utput transition 5 40 80 ns 
times 10 tTHL 20 40 ns 

HIGH to LOW 15 15 30 ns 

5 30 60 
see Fig. 6 

ns 
LOW to HIGH 10 tTLH 20 40 ns 

15 15 30 ns 

3-state propagation 
delays 

Output disable times 

EO - An, Bn 5 70 140 ns 
HIGH 10 tpHz 35 70 ns 

15 30 60 ns 

5 75 150 ns 
LOW 10 tpLz 40 80 ns 

15 30 60 ns 

Output enable times 

EO - An,Bn 5 80 160 ns 
HIGH 10 tpzH 35 70 ns 

15 30 60 ns 

5 90 180 ns 
LOW 10 tpzL 40 80 ns 

15 30 60 ns 

812 M•y 19831. 



Octal buffers with 3-state outputs 

104 

trHL 

trLH t-

(ns) 

103 

7Z85537 1 

.±-= 

Fig. 6 Output transition times as a function of the load capacitance. 
·---- tTLH; ----- tTH L· 

HEF402408 
buffers 

( M"l 1983 813 





HEF40244B 
buffers 

OCT AL BUFFERS WITH 3-ST ATE OUTPUTS 

The HE F40244B is an octal non-inverting buffer with 3-state outputs. It features output stages with 
high current output capability suitable for driving highly capacitive loads. 

The 3-state outputs are controlled by the output enable inputs EOA and EOs. A HIGH on EO causes 
the outputs to assume a high impedance OFF-state. The device also features hysteresis on all inputs to 
improve noise immunity. 
Schmitt-trigger action in the inputs makes the circuit highly tolerant to slower input rise and fall times. 

The HEF40244B is pin and functionally compatible with the TTL '244' device. 

2 1A1 OA1 18 EOA Voo 

1A1 EOB 
4 1A2 OA2 16 

Os4 3 18 OA1 

6 1A3 OA3 14 1A2 4 17 1s4 

Os3 5 16 OA2 

8 1A4 OA4 12 HEF40244B 

EOA 
1A3 6 1s3 

11 1s1 Os1 9 
Os2 OA3 

1A4 1s2 

13 1s2 Os2 7 Os1 9 12 OA4 

1s3 Os3 
Vss 10 11 1s1 

15 5 

7Z83578.1 

17 1s4 Os4 3 Fig. 2 Pinning diagram. 

19 EOB HEF40244BP: 20-lead D\L; plastic (SOT-146). 
HEF40244BT: 20 lead mini-pack; plastic 

7Z83579.1 
( S0-20; SOT-163A). 

PINNING 
Fig. 1 Functional diagram. IA1 to IA4 

ls1 to I B4 
inputs 

FAMILY DATA see Family 
OA1 to OA4 bus outputs 
Os1 to Os4 

loo LIMITS category buffers 
Specifications 

EOA, EOs output enable inputs (active LOW) 
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HEf 402448 

816 

buffers 

TRUTH TABLE 

inputs output 

In EO On 

7Z85535 
H L H 
L L L 

Fig. 3 Logic diagram (one buffer). x H z 

RATINGS 

H =HIGH state (the more 
positive voltage) 

L = LOW state (the less 
positive voltage) 

X =state is immaterial 
Z = high impedance off state 

Limiting values in accordance with the Absolute Maximum System (IEC 134). 

See Family Specifications, except for: 

D.C. current into anv input 

D.C. source or sink current into any output 

D.C. current into the supply terminals 

D.C. CHARACTERISTICS 

Vss =o v 

Voo 
v 

Output current 5 
HIGH 10 

15 

Output current 5 
HIGH 10 

15 

Output current 5 
LOW 10 

15 

Hysteresis 5 
voltage 10 
(any input) 15 

VoH VoL 
v v 

4,6 
9,5 

13,5 

3,6 
8,4 

13,2 

0,4 
0,5 
1,5 

symbol 
-40 

min. typ, 

0,75 
-loH 1,85 

14,5 

9,3 
-loH 14,4 

19,5 

2,9 
loL 9,5 

30,0 

VH 

± 11 max. 10 mA 

±lo max. 25 mA 

±I max. 100 mA 

Tamb (OC) 
+25 +85 

min. typ, min. typ. 
-

0,6 1,2 0,45 mA 
1,5 3,0 1, 1 mA 

15 50 15,5 mA 

10 24 10,7 mA 
15 46 15,0 mA 
20 62 19,8 mA 

2,3 5,4 1,75 mA 
7,6 17 5,50 mA 

25 45 19,0 mA 

220 mV 
250 mV 
320 mV 



Octal buffers with 3-state outputs 

(VDD-VoH) (V) 

-2 -1 

~15V 
1-t--+-+--+--+-+-f--+-+-1-t--+-+--+--+-+-f--+--t---i -75 

loH 
1-t--+-+--+--+-+-f--+-+-1-t--+-+--+--+-+-+--+--t---i (mA) 

~~~~~~~~~~~~~~ -100 
7Z85536 

Fig. 4 Typical output source current characteristic. 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; input transition times.:;;; 20 ns 
,--

HEF402448 
buffers 

(1) P-channel MOS transistor conducting. 
(2) P-channel MOS transistor and bipolar 

n-p-n transistor conducting. 

__ __, ___ __, __ V DD 

-.-JHN 
___ _j-+------Vss 

7Z85534 

Fig. 5 Schematic diagram of output stage. 

---,--

all buffers VDD typical formula for P (µW) 
where 

switching v fj =input freq. (MHz) 
f0 =output freq. (MHz) 

Dynamic power 5 4 250 fi + 2:(f0 CL) x vDD 2 CL= load capacitance (pF) 
dissipation per 10 17 ooo fi + 2:(f0 CL) x vDD 2 2:(f0 Cd =sum of outputs 
package (P) 15 46 ooo fi + 2:(f0 CL) x VDD 2 VDD =supply voltage (VJ 

(November 1981 817 



HEF402448 t __ _ 

818 

buffers 

A.C. CHARACTERISTICS 

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

1------Jvo;;-T-symbo~ typ. max. 

---------~t-----~-l-=~-~~-"------r 
typical extrapolation 

formula 

gation delays 1 I 
- Bn 5 1

1 

I 95 190 ns 83 ns + (0,24 ns/pF) CL 
HIGHtoLOW 10 tPHL 40 80 ns 35ns+(0,10ns/pF)CL 

15 I 30 60 ns 26 ns + (0,07 ns/pF) CL 

I A\~t~nHIGH 1~ j tPLH I ~~ 1 ~g ~: ~~~:::g:g~~:;~~~g~ 
I
' 15 30 60 ns 29 ns + (0,02 ns/pF) CL 

Outout transition 5 i ! 40 80 ns I 
times 10 tTHL 20 40 ns 

HIGH to LOW 15 15 30 ns 

5 30 60 ns I see Fig. 6 
LOW to HIGH 10 tTLH 20 40 ns 

15 15 30 ns 

3-state propagation 
delays 

Output disable times 
EO - An, Bn 5 

HIGH 10 
15 

5 
LOW 10 

15 

Output enable times 
EO-An, Bn 5 

HIGH 10 
15 

5 
LOW 10 

15 

M,y 1983 j 

tpzH 

tpzL 

70 
35 
30 

75 
40 
30 

80 
35 
30 

90 
40 
30 

140 
70 
60 

150 
80 
60 

160 
70 
60 

180 
80 
60 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 



Octal buffers with 3-state outputs J I HEF402448 

~~~~~~~~~~~--~~~~~~ ~-uff-er_s~~~-

Fig. 6 Output transition times as a function of the load capacitance. 
-- tTLH;- - - ·-tTHL· 
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HEF402458 
buffers 

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUTS 

The HEF40245B is an octal bus transmitter/receiver designed for 8-line asynchronous, 2-way data 
communication between data buses. It features output stages with high current output capability 
suitable for driving highly capacitive loads. 

The direction input (DR) controls transmission of data from bus A to bus B, or bus B to bus A, 
depending on its logic level. The 3-state outputs are controlled by the enable input EO. A HIGH on 
EO causes the outputs to assume a high impedance OFF-state. The device also features hysteresis on 
all inputs to improve noise immunity. 
Schmitt-trigger action in the inputs makes the circuit highly tolerant to slower input rise and fall times. 

The HEF40245B is pin and functionally compatible with the TTL '245' device. 

HEF40245B DR 

7283580 

Fig. 1 Pinning diagram. 

FAMILY DATA 

PINNING 

Ao to A7 

Bo to s7 
DR 

EO 

data inplJt/output 

data input/output 

direction input 

output enable input (active LOW) 

HEF40245BP: 20-lead DIL;plastic (SOT-146). 
HEF40245BT: 20-lead mini-pack; plastic 

(S0-20; SOT-163A). 

o--+ x 

ff t-----__.___, y 

7Z85532 

Fig. 2 Logic diagram; for functional diagram see Fig. 3. 

see Family Specifications. 
loo LIMITS category buffers 

( M'y 1983 821 



HEF40245B 
buffers 

19 EO 

1 DR 

7283581 

FUNCTION TABLE 

inputs inputs/outputs 
-
EO DR An Bn 

L L A=B input 
L H input B=A 
H x z z 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X =state is immaterial 
Z =high impedance OFF-state 

(Voo-VoH) (V) 

-2 -1 

~15V 
f-+--+-+-+-+-+-1--+-l-+-+--+-+-+-+-+-1--++-1 -75 

loH 
<--+--+--+-+--+--+--r-+-+-+--+--+--+--+-+--+-->-+--+--< ( m A) 

~~~~~~~~~~~~~~ -100 
7Z85536 

( 1) P-channel MOS transistor conducting. 
(2) P-channel MOS transistor and bipolar 

n-p-n transistor conducting. 

Fig. 4 Typical output source current characteristic. 

~::N 
__ _j_......_ _____ vss 

7Z85534 

Fig. 5 Schematic diagram of 
output stage. 

Fig. 3 Functional diaJ;Jram. 



Octal bus transceiver with 3-state outputs 

RATINGS 

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

See Family Specifications, except for: 

D.C. current into any input 

D.C. source or sink current into any output 

D.C. current into the supply terminals 

D.C. CHARACTERISTICS 

Vss = o v 

Tamb (OC) 

HEF40245B 
buffers 

± 11 max. 10 mA 

± lo max. 25 mA 

±I max. 100 mA 

[_ 
! Output current 

I HIGH 

Voo Vo~i Vo~ 
v v v 

5 14,6 
10 9,5 

symbol 

-~~~:o~ ''"~~ ~~',-°'" 
1,85 I 1,5 3,o 

_+8~ 
mm. max. 

1 

o,45 mA •

1 1,1 mA 
15 

I 

I

I Ou~~tHcurrent 

Output current 
LOW 

5 
10 
15 

5 
10 
15 

Hysteresis 5 
voltage 10 

I (any input) 115 l3-state 
input/output 
leakage current 15 
pins An or Bn 

" -- -- ---- --- --- --- - ---- --

13,5 

3,6 

8,41 
13,2 

0,4 
0,5 
1,5 

'oz* 

14,5 115 50 

9,3 ! 10 24 
14,4 115 46 
19,5 '20 62 

2,9 
9,5 

30,0 

2,3 

I 1,6 
125 

5,4 
17 
45 

220 
250 
320 

* Relevant output in OFF-state; An at Vss or Voo; Bn at Vss or Voo-

1,6 

15,5 mA 

10,7 
15,0 
19,8 

mA 1· 

mA 
mA 

1,75 mA 
5,50 mA 

19,0 mA 

mV I mV 
mV 

12 ~J 

( M,y 1983 823 



HEf 402458 l __ _ buffers 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times~ 20 ns 

I 

--F Voo 

Propagation de-~; V 
-

An - Bn 
HIGH to LOW 

An - Bn 
LOW to HIGH 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

3-state propagation 
delays 

Output disable times 

EO - An,Bn 
HIGH 

LOW 

Output enable times 

EO - An,Bn 
HIGH 

LOW 

all buffers 
switching 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

5 
10 

I 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

Voo 
v 

5 
10 
15 

824 Nrnremboc 1981 I 

I 

I 

I 

jtypical extrapolation 

max. -+- f 1 
typ. 

ormu a 
-··----

95 190 ns 83 ns + (0,24 ns/pF) CL 

tPHL 
I 

40 80 ns 35 ns + (0,10 ns/pF) CL 

I 
30 60 ns 26 ns + (0,07 ns/pF) CL 

I 

85 170 ns 82 ns + (0,06 ns/pF) CL 

tPLH 40 80 ns 38 ns + (0,03 ns/pF) CL 

I 

30 60 ns 29 ns + (0,02 ns/pF) CL 

40 80 ns 
tTHL 20 40 ns 

15 30 ns 

30 60 ns 
see Fig. 6 

tTLH 20 40 ns 
15 30 ns 

100 200 ns 

tpHz 50 100 ns 
40 80 ns 

100 200 ns I 
tpLz 60 120 ns 

50 100 ns 

100 200 ns 
tpzH 45 90 ns 

35 70 ns 

115 230 ns 
tpzL 55 110 ns 

45 90 ns 

typical formula for P (µW) 
where 
fi =input freq. (MHz) 
f0 =output freq. (MHz) 

4 250 fi + L(foCL) x Voo 2 CL= load capacitance (pF) 
17 000 fi + L(foCL) x Voo 2 L(f0 CL) =sum of outputs 
46 000 fi + L(foCL) x Voo2 Voo =supply voltage (V) 



Octal bus transceiver with 3-state outputs 

104~~~~~~~~~~~~~7JZ~85~5~37!1i 
lTHL ~ 
tTLH l---+--+-++t+i"+--+-+-+-+++ttt-Voo=5V 

(ns) 10V 15 ~-.,It 
103~~~11!1~~~!!!1~_L~~/3~~~ 

/ 

Jill 
10 3 CL (pF) 104 

Fig. 6 Output transition times as a function of the load capacitance. 
--- tTLH;- - - - tTHL· 

HEf 402458 
buffers 
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HEF40373B 
MSI 

OCTAL TRANSPARENT LATCH WITH 3-STATE OUTPUTS 

The HE F40373B is an 8-bit transparent latch with 3-state buffered outputs. The output stages have 
high current output capability suitable for driving highly capacitive loads. The latch outputs follow the 
data inputs when the latch enable (E) is HIGH. When Eis LOW, the data that meets the set-up times is 
latched. The 3-state outputs are controlled by the output enable input EO. A HIGH on EO causes the 
outputs to assume a high impedance OFF-state. The device features hysteresis on the E input to 
improve noise rejection. 
Schmitt-trigger action in the E input makes the circuit highly tolerant to slower input rise and fall times. 

The HEF40373B is pin and functionally compatible with the TTL '373' device. 
Supply voltage range: 3 to 15 V. 

4 01 

7 02 

8 03 

13 04 

14 05 

17 D5 

18 D7 

1 EO 

PINNING 

Do to o7 
E 
ffi 
o0 to o7 

LATCH 3-STATE 
1to8 OUTPUTS 

Fig. 1 Ft.mctional diagram. 

data inputs 
latch enable input 
output enable input (active LOW) 
3-state buffered outputs 

FAMILY DATA 

Oo 

01 

02 

03 

04 

05 

05 

07 

7Z83575 

2 Voo 
5 

07 
6 

9 
D7 

12 D5 

15 
05 

16 HEF40373B 

19 05 

D5 

D4 

04 

7Z83574 

Fig. 2 Pinning diagram. 

HEF40373BP: 20-lead DI L; plastic (SOT-146). 
HEF40373BT: 20-lead mini-pack; plastic 

(S0-20; SOT-163A). 

see Family Specifications 
loo LIMITS category MSI 
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00 
N 
00 

s 
"' < 
(0 
00 w 

Do 

D 0 

CP 

latch 
1 

o, 

latch 
2 

D2 

latch 
3 

03 

latch 
4 

04 

v 
latch 

5 

D5 

latch 

6 
latch 

7 

07 

v 
latch 

8 

E~_/jT1--+-~~~1---+-~~~1---+-~~--1r--~~--1--~~--1--~~---1--~~-+~ 

rn-f>n-~---+-~--.--+-~---+-~-.--r-~_,_-;---~----r-~~-t-----, 

Oo o, 02 03 04 05 05 07 
7285530.1 

Fig. 3 Logic diagram. 

D~J_Q 
CP 7285533.1 

Fig. 4 Logic diagram (one latch). 

I m 
"'Tl 

s~ 
(/) 0 

VJ 
-...I 
VJ 
OJ 



Octal transparent latch with 3-state outputs HEF403738 
MSI 

FUNCTION TABLE 

·~-------------------------~------~ 

operating modes inputs __ internal outputs 

ombl• &rn:d ,~,:,., . r=T- ~ ~- I "'~"' Do; a, 

lo<ch & reod "'""' L ' L I h H H 

~~~~~;~ __ L ~-L ~._I ~ l_~ _l_i_J 
H =HIGH state (the more positive voltage) 
h = HIGH state (one set-up time prior to the HIGH-to-LOW enable transition) 
L = LOW state (the less positive voltage) 
I =LOW state (one set-up time prior to the HIGH-to-LOW enable transition) 
Z =high impedance OFF-state 

November 1981 829 



HEF40373B j 
--MSI 

RATINGS 

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

-

830 

See Family Specifications, except for: 

D.C. current into any input 

D.C. source or sink current into any output 

D.C. current into the supply terminals 

D.C. CHARACTERISTICS 

vss = o v 
--· 

± 11 

±lo 

±1 

.---
Tamb (OC) 

max. 10 mA 

max. 25 mA 

max. 100 mA 

-

bol -40 + 25 +85 

Output current 5 
HIGH 10 

15 

Output current 5 
HIGH 10 

15 

Output current 5 
LOW 10 

15 

Hysteresis 5 
voltage at 10 
enable input (E) 15 

(Voo-VoHl (V) 

-2 -1 

4,6 
9,5 

13,5 

3,6 
8,4 

13,2 

-I 

-I 

0,4 
o,5 10 
1,5 

~15V-+-+--+-+-+-I-+--+--+-+-+--+-+-+--+~ 

OH 

OH 

L 

t-T--t-+--t--t-+-r-+-t-t-+-+-+--+--t-+-r-+-+--1-75 

loH 
t-t-+-+-+-+-+-+-+-+-+-+-+--+-+-+--+-+-+--+·~ (mA) 

~~..._._._......._..__.__._ ......... ......_ .......... _.__,__L......I..._._. -100 
7 Z85536 

Fig. 5 Typical output source current characteristic. 

M•y 19861 

min. 

0,75 
1,85 

14,5 

9,3 
14,4 
19,5 

2,9 
9,5 

30,0 

typ. min. typ. min. typ. 

0,6 1,2 0,45 mA 
1,5 3,0 1, 1 mA 

15 50 15,5 mA 

10 24 10,7 mA 
15 46 15,0 mA 
20 62 19,8 mA 

2,3 5,4 1,75 mA 
7,6 17 5,50 mA 

25 45 19,0 mA 

220 mV 
250 mV 
320 mV 

(1) P-channel MOS transistor conducting. 
(2) P-channel MOS transistor and bipolar 

n-p-n transistor conducting. 

----------Voo 

_..j::N 
__ :_j _______ Vss 

7Z85534 

Fig. 6 Schematic diagram of output stage. 

I 
I 



Octal transparent latch with 3-state outputs HEF403738 
MSI 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; CL= 50 pF; input transition times< 20 ns 

--v~-~--t~--1 f ~------. . I,,~'"' '""po'"'°" V symbo mm. typ. max. formula 

ation delays 
- On 5 

1 
150 300 ns 1138 ns + (0,24 ns/pF) CL 

HIGHtoLOW 10 itPHL 60 120 ns 59ns+(0,01ns/pF)CL 
15 I 40 80 ns 136 ns + (0,07 ns/pF) CL 

E - On 5 I 125 250 ns 122ns+(0,06ns/pF)CL 
LOWtoHIGH 10 I tPLH 50 100 ns 148ns+(0,03ns/pF)CL 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

3-state propagation 
delays 

Output disable times 
EO-On 

HIGH 

LOW 

Output enable times 
EO-On 

HIGH 

LOW 

Set-up time 
Dn- E 

Hold time 
on- E 

Minimum latch enable 
pulse width LOW 

15 I 40 80 ns 39ns+(0,02ns/pF)CL 

5 I 40 80 ns 11 
1 O I trn L 20 40 ns I 

15 I 15 30 ns IJ seeFig.7. 

~ ~ I tnH ~~ ~~ ~: I 

I I 
I j 

5 II 65 130 ns I 

10 , tpHz 30 60 ns I 

15 25 50 ns 

1 ~ tp LZ ~~ 1 ~~ ~: I 

30 60 ns I 15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

tpzH 

tpzL 

tsu 

tho Id 

twEL 

15 
10 
10 

25 
15 
10 

60 
30 
20 

65 
30 
25 

85 
35 
25 

7 
5 
5 

15 
4 
3 

30 
15 
10 

130 
60 
50 

170 
70 
50 

ns [' 
ns 

~~ 
ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
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J:IJ:F 403738 

832 

MSI 

A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; input transition times~ 20 ns 

r-----
Dynamic power 

dissipation per 
package (P) 

Voo typical formula for P (µW) 
where 

v fi =input freq. (MHz) 
f0 =output freq. (MHz) 

5 3 325 fi + 1:(f0 CLl x v 002 CL= load capacitance (pF) 
10 14 200 fi + 1:(f0 CLl x v 002 1:(f0 CL) =sum of outputs 
15 37 425 fi + L(foCLl x Voo2 Voo =supply voltage (V) 

4 7Z85537.1 
10 §~H!§tt§§~ttOO§~Hmm 

tTH L 1---+--+-..+-<-++-t->----+----+-1-++++-»--+--+-+-+-+-1-+-111 

tTLH 
Ins) 

l---+--+-t-+-1-ttt-1---+--+---+-++++++-Voo=sy~ 

lOV ~ 

,,~i~~Et*~-/,2:l-t--E"-+-+---H+tt-1--+-+--+-++-++tl 
10 102 

Fig. 7 Output transition times as a function of the load capacitance. 

--tTLH;----tTHL· 
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HEF403748 
MSI 

OCTAL D-TYPE FLIP-FLOP WITH 3-STATE OUTPUTS 

The HEF40374B is an octal D-type flip-flop with 3-state buffered outputs with a common clock input 
(CP). The device is used primarily as an 8-bit positive edge-triggered storage register for interfacing with 
a 3-state bus. Data on the D-inputs is transferred to storage during the LOW-to-HIGH transition of the 
clock (CP) input. The 3-state output buffers are controlled by an active LOW output enable input (EO). 
A HIGH on EO forces the eight outputs to a high impedance OFF-state. When EO is LOW, the data in 
the register appears at the outputs. 

The output stages have high current output capability suitable for driving highly capacitive loads. 
The device features hysteresis on the CP input to improve noise rejection. 
Schmitt-trigger action in the E input makes the circuit highly tolerant to slower input rise and fall times. 

The HEF40373B is pin and functionally compatible with the TTL '374' device. 
Supply voltage range: 3 to 15 V. 

3 Do 

4 D1 

7 D2 

8 D3 

13 D4 

14 D5 

17 D5 

18 D7 

11 CP 
-

1 EO 

PINNING 

Do to D7 
CP 
EO 
o0 to 07 

t--

I--

t--

FF1 t-- 3-STATE 
to OUTPUTS t--

FF8 
t--

t--

t--

_f <;> 

Fig. 1 Functional diagram. 

data inputs 
clock input 

Oo 

01 

02 

03 

04 

05 

05 

07 

7Z83577 

output enable input (active LOW) 
3-state buffered outputs 

2 

5 

6 

9 

12 

15 

16 

19 

FAMILYOATA I 
I see Family Specifications 

loo LIMITS category MSI 

EO 20 VDD 

Oo 2 19 07 

Do 3 18 D7 

D1 D5 

01 05 
HEF40374B 

02 05 

D2 14 D5 

D3 13 D4 

03 9 12 04 

Vss 10 11 CP 

7Z83576 

Fig. 2 Pinning diagram. 

HEF40374BP: 20-lead DIL;plastic (SOT-146). 
HEF40374BT: 20-lead mini-pack; plastic 

(S0-20; SOT-163A). 

( M•y 1983 833 



HEF40374B 
MSI 



Octal 0-type flip-flop with 3-state outputs 

FUNCTION TABLE 
.--------------,.------------,------~----~ 

inputs 
operating modes 

EO CP Dn 
1---------·-------t-----1 ---··----j --

load & read register 
L 
L 

_f 

f 
I 
h 

load register & H _( I 

~-di_sa_b_le_o_ut_p_u_ts __ ~_H_~_f _ __l__!i _ _l 

H = HIGH state (the more positive voltage) 
h =HIGH state (one set-up time prior to the 

LOW-to-HIGH clock transition) 
L = LOW state (the less positive voltage) 
I = LOW state (one set-up time prior to the 

LOW-to-HIGH clock transition) 
Z =high impedance OFF-state 
_f = LOW-to-HIGH clock transition 

internal 
register 

L 
H 

outputs 
o0 to o7 

L 
H 

L Z 

H_~_z_j 
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RATINGS 

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

See Family Specifications, except for: 

836 

D.C. current into any input 

D.C. source or sink current into any output 

D.C. current into the supply terminals 

D.C. CHARACTERISTICS 

v55 = o v 

r~~F=-r
-----------r·------- -------

1 

Voo VoH 
v v 

'------~·- -~' __ l 
Output current 

HIGH 

Output current 
HIGH 

(Voo-VoH) (V) 

-2 -1 

I o,4 
0,5 
1,5 

-loH 

-loH 

loL 

VH 

0 

i::+i=tl•J=tl-T~L=t+--TI--+=i=-Q"Ei.7.1 ~-r~cTI 0 
+L + ---t-1 ~rz:. ...JI.IT +-+-+-i --t-+ i .L'I rJ_ 

i-v 00 =,5v~iz!Z (1l-+-++" 
y IZ'lZI -25 

~+- ~ + ~;._~ 
H -- -10 V VJ ::;f"-+-1 1---t-- - - t----t-+ i 

-t---, ~-~·- --1 - 1---t--1 - --H - 50 

¥ (~),-t-H-t-++ -t-+-$ ~ ·11·-H --t-t-_ ·-. --
1 *" V - +t- -+--+··"··-+--+ --H -
l"'-i ---- ---t -1 -+--+-+---+--1--+-

t--+-t--+-t-+--+-t-+~-+--+-+-+-t-+-+-t--+--+-l -75 
t--t- - +--+--+--+--i--+--+-->-- t-- --+--+--+--+-->---+--+--+ 

-+-+·-1--+--+--1- - --+-+--+---+--+-- - t-+-1 I 0 H 
1--+-1- +--+--+-- t-t---1 (mA) 

I- --t-1---+--+---t-+--+-+-+-+-+-t---+- t--1 . t-t--1 
..._.__.__.._.,_ _ _._ ........... _._.._~-'--'-'--'-~-"--~-'-100 
7 Z85536 

Fig. 4 Typical output source current characteristic. 

M•y 19861 

± 1.1 max. 10 mA 

±lo max. 25 mA 

±I max. 100 mA 

Tamb (OC) 
-40 + 25 +85 

min. 

0,75 
1,85 

14,5 

9,3 
14,4 
19,5 

2,9 
9,5 

30,0 

typ. min. typ. min. typ. 

0,6 1,2 0,45 mA 
1,5 3,0 1, 1 mA 

15 50 15,5 mA 

10 24 10,7 mA 
15 46 15,0 mA 
20 62 19,8 mA 

2,3 5,4 1,75 mA 
7,6 17 5,50 mA 

25 45 19,0 mA 

220 mV 
250 mV 
320 m~ 

( 1) P-channel MOS transistor conducting. 
(2) P-channel MOS transistor and bipolar 

n-p-n transistor conducting. 

7Z85534 

Fig. 5 Schematic diagram of output stage. 



Octal D-type flip-flop with 3-state outputs HEF403748 
MSI 

A.C. CHARACTERISTICS 

Vss = O V; Tamb = 25 °c; CL= 50 pF; input transition times~ 20 ns 

Voo symbol min. typ. max. 
typical extrapolation 

v formula 

Propagation delays 
CP - On 5 125 250 ns 113 ns + (0,24 ns/pF) CL 

HIGH to LOW 10 tPHL 55 110 ns 54 ns + (0,01 ns/pF) CL 
15 40 80 ns 36 ns + (0,07 ns/pF) CL 

CP - On 5 125 250 ns 122 ns + (0,06 ns/pF) CL 
LOW to HIGH 10 tpL_H 55 110 ns 53 ns + (0,03 ns/pF) CL 

15 40 80 ns , 39 ns ·+- (0,02 ns/pF) CL 

Output transition 5 40 80 ns 

I times 10 tTHL 20 40 ns 
HIGH to LOW 15 15 30 ns 

5 30 60 ns I "' Fig. G 
LOW to HIGH 10 tTLH 20 40 ns 

15 15 30 ns 

3-state propagation 
delays 

Output disable times 

EO - On 5 60 120 ns 
HIGH 10 tpHz 30 60 ns 

15 24 48 ns 

5 70 140 ns 
LOW 10 tpLz 35 70 115 

15 30 60 ns 

Output enable times 

EO - On 5 65 130 ns 
HIGH 10 tpzH 30 60 ns 

15 24 48 ns 

5 85 170 ns 
LOW 10 tpzL 35 70 ns 

15 25 50 ns 

Set-up time 5 20 0 ns 

Dn - CP 10 tsu 20 2 ns 
15 20 5 ns 

Hold time 5 20 10 ns 

Dn - CP 10 tho Id 15 2 ns 
15 10 0 ns 

Minimum clock 5 50 25 ns 
pulse width; LOW 10 twcPL 25 12 ns 

15 20 10 ns 

Maximum clock 5 25 5 MHz 
pulse frequency 10 fmax 6 12 MHz 

15 8 17 MHz 

---------~(May 1983 
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A.C. CHARACTERISTICS 

Vss = 0 V; Tamb = 25 °C; input transition times< 20 ns 

l
[----------]~ vB~ ---1-~:pic~~for~u1a for~~~-- ~~e~~put freq. {MHz) 

---------~- -- ----+ f0 =output freq. (MHz) 

Dynamic power 1
1 

5 l 3 775 ti+ L(f0 CL) x Voo 2 CL= load capacitance {pF) 
dissipation per 10 15700fi+L(f0 CL)xVoo 2 L{f0 CL)=sumofoutputs 

-~ackage ~~)_~ __ L __ i_:____ _ 40 575 fi + L{f0 CL) x v00 2 v00 =supply voltage (V) 

Fig. 6 Output transition times as a function of the load capacitance. 

·----tTLH; - - - -tTHL· 
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