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QUALITY ASSURED 

Our quality system focuses on the continuing high quality of our 
components and the best possible service for our customers. We have 
a three-sided quality strategy: we apply a system of total quality control 
and assurance; we operate customer-oriented dynamic improvement 
programmes; and we promote a partnering relationship with our 
customers and suppliers. 

PRODUCT SAFETY 

In striving for state-of-the-art perfection, we continuously improve 
components and processes with respect to environmental demands. 
Our components offer no hazard to the environment in normal use 
when operated orstored within the limits specified in the data sheet. 

Some components unavoidably contain substances that, if exposed by 
accident or misuse, are potentially hazardous to health. Users of these 
components are informed of the danger by warning notices in the data 
sheets supporting the components. Where necessary the warning 
notices also indicate safety precautions to be taken and disposal 
instructions to be followed. Obviously users of these components, in 
general the set-making industry, assume responsibility towards the 
consumerwith respect to safety matters and environmental demands. 

All used or obsolete components should be disposed of according to 
the regulations applying at the disposal location. Depending on the 
location, electronic components are considered to be 'chemical', 
'special' or sometimes'industrial' waste. Disposal as domestic waste is 
usually not permitted. 
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FUNCTIONAL 
INDEX 

CMOS HE4000B FAMILY SURVEY 

Type numbers have a suffix which signifies the type of package and burn-in option: 
P = plastic OIL; D = ceramic (cerdip) DI L; T = plastic SO mini-pack; 2nd B = burn-in option 

4000B 
4000V 
4000U B : 
HEC 
HEF 

Full voltage range 3 to 15 V. 
Limited voltage range 4.5 to 12.5 V. 
Unbuffered types. 
Full temperature range —55 to + 125 °C. 
Temperature range —40 to + 85 °C. 

HE4000B FAMILY HEF HEC page 

ARITHMETIC ICs 

4008B 4-bit binary full adder 
4531B 13-input parity checker/generator 

BUFFERS 

40418 
4049B 
4050B 
4502B 
40097B 
40098B 
40240B 
40244B 

BUS ICs 

40245B 

COMPARATORS 

4585B 

COUNTERS 

quadruple true/complement buffer 
hex inverting buffers 
hex non-inverting buffers 
strobed hex inverter/buffer 
3-state hex non-inverting buffer 
3-state hex inverting buffer 
octuple buffers with 3-state outputs 
octuple buffers with 3-state outputs 

octuple bus transceiver with 3-state outputs 

4-bit magnitude comparator 

4017B 5-stage Johnson counter 
4018B presettable divide-by-n counter 
4020B 14-stage binary counter 
4022B 4-stage divide-by-8 Johnson counter 
4024B 7-stage binary counter 
4029B synchronous up/down counter, binary/decade counter 
4040B 12-stage binary counter 
4059B programmable divide-by-n counter 
4060B 14-stage ripple-carry binary counter/divider and oscillator 
4510B BCD up/down counter 
4516B binary up/down counter 
4518B dual BCD counter 
45208 dual binary counter 
4521B 24-stage frequency divider and oscillator 

• 

•  

• 

• 

• 

• 

• • 

•

•

• 

•

• 

• 

• 

171 
583 

297 
443 
345 
457 
765 
769 
857 
863 

869 

643 

211 
219 
229 
241 
251 
267 
295 
371 
377 
477 
507 
523 
533 
539 
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FUNCTIONAL 

HE4000B FAMILY HEF HEC 

COUNTERS (continued) 

4522B programmable 4-bit BCD down counter 
4526B programmable 4-bit binary down counter 

4534B real time 5-decade counter 
4737B quadruple static decade counter 

-•-- 

• 
• 

4737V quadruple static decade counter • 

4751V universal divider • • 

40160B 4-bit synchronous decade counter; asynchronous reset • 
40161B 4-bit synchronous binary counter; asynchronous reset • 
40162B 4-bit synchronous decade counter; synchronous reset • 
40163B 4-bit synchronous binary counter; synchronous reset 
40192B 4-bit up/down decade counter • 
40193B 4-bit up/down binary counter • 

DECODERS 

4028B 1-of-10 decoder • 

4511B BCD to 7-segment latch/decoder/driver ; • 
4514B 1—of-16 decoder/demultiplexer with input latches • 
45158 1—of-16 decoder/demultiplexer with input latches • 
4543B BCD to 7-segment latch/decoder/driver • 
4555B dual 1—of-4 decoder/demultiplexer • 
4556B dual 1—of--4 decoder/demultiplexer • • 

DEMULTIPLEXERS 

page 

549 
559 
595 
675 
675 
707 

779 
789 
799 
809 
827 
835 

263 
845 
499 
503 
623 
629 
633 

4051B 8-channel analogue multiplexer/demultiplexer • 5 347 
4052B dual 4-channel analogue multiplexer/demultiplexer •  355 
4053B triple 2-channel analogue multiplexer/demultiplexer •  363 
4067B 16-channel analogue multiplexer/demultiplexer •  393 
4514B 1—of-16 decoder/demultiplexer with input latches •  499 
4515B 1—of-16 decoder/demultiplexer with input latches •  503 
4555B dual 1—of-4 decoder/demultiplexer •  629 
4556B dual 1—of-4 decoder/demultiplexer S 5 633 

DRIVERS 

4511B BCD to 7-segment latch/decoder/driver • • 485 
4543B BCD to 7-segment latch/decoder/driver •  623 

ENCODERS 

4532B 8-input priority encoder •  587 

FLIP-FLOPS 

D-type 

4013B dual D-type flip-flop • • 187 
40174B hex D-type flip-flop • • 819 
40175B quadruple D-type flip-flop • • 823 
40374B octuple 0-type flip-flop with 3-state outputs •  881 
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INDEX 

HE4000B FAMILY HEF HEC page 

JK 

4027B 

GATES 

AND 

dual JK flip-flop 

4073B triple 3-input AND gate 
4081B quadruple 2-input AND gate 
4082B dual 4-input AND gate 
4085B dual 2-wide 2-input AND—OR —invert gate 
4086B 4-wide 2-input AND—OR —invert gate 

Complex 

4030B quadruple EXCLUSIVE—OR gate 
4070B quadruple EXCLUSIVE—OR gate 
4077B quadruple EXCLUSIVE—NOR gate 
4085B dual 2-wide 2-input AND—OR —invert gate 
4086B 4-wide 2-input AND—OR —invert gate 

EXCLUSIVE-OR 

40308 quadruple EXCLUSIVE—OR gate 
4070B quadruple EXCLUSIVE—OR gate 

EXCLUSIVE-NOR 

4077B 

I nverter 

quadruple EXCLUSIVE—NOR gate 

4085B dual 2-wide 2-input AND—OR —invert gate 
4086B 4-wide 2-input AND—OR —invert gate 

NAND 

4011B quadruple 2-input NAND gate 
4011UB quadruple 2-input NAND gate; unbuffered 
4012B dual 4-input NAND gate 
4023B triple 3-input NAND gate 
4068B 8-input NAND gate 

• 

• • 

• 

• 

• • 

• •

• 

• 

• • 

257 

415 
429 
431 
433 
435 

279 
409 
425 
433 
435 

279 
409 

425 

433 
435 

175 
177 
185 
249 
401 
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HE4000B FAMILY HEF HEC page 

GATES (continued) 

NOR 

4000B dual 3-input NOR gate and inverter 
4001B quadruple 2-input NOR gate 
4001UB quadruple 2-input NOR gate; unbuffered 
4002B dual 4-input NOR gate 
4025B triple 3-input NOR gate 
4078B 8-input NOR gate 

OR 

4071B quadruple 2-input OR gate 
4072B dual 4-input OR gate 
40758 triple 3-input OR gate 
4085B dual 2-wide 2-input AND—OR—invert gate 
4086B 4-wide 2-input AND—OR—invert gate 

INVERTERS 

•  

• 

• - 

143 
147 
149 
157 
255 
427 

411 
413 
417 
433 
435 

4007UB dual complementary pair and inverter •  •  163 

4069UB hex inverter • • 403 

4502B strobed hex inverter/buffer •  457 

LATCHES 

4042B quadruple D-latch S •  301 

4043B quadruple R/S latch with 3-state outputs •  307 

4044B quadruple R/S latch with 3-state outputs •  311 

4508B dual 4-bit latch •  469 

45118 BCD to 7-segment latch/decoder/driver •  485 

4543B BCD to 7-segment latch/decoder/driver •  623 

4724E 8-bit addressable latch •  665 

40373B octuple transparent latch with 3-state output •  875 

MEMORIES 

45058 64-bit, 1-bit per word static read/write RAM • • 461 
4720B 256-bit, 1-bit per word RAM •  649 

4720V 256-bit, 1-bit per word RAM •  649 
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HE4000B FAMILY HEF HEC page 

MULTIPLEXERS 

4019B quadruple 2-input multiplexer 
4051B 8-channel analogue multiplexer/demultiplexer 
4052B dual 4-channel analogue multiplexer/demultiplexer 
4053B triple 2-channel analogue multiplexer/demultiplexer 
4067B 16-channel analogue multiplexer/demultiplexer 
4512B 8-input multiplexer with 3-state output 
4519B quadruple 2-input multiplexer 
4539B dual 4-input multiplexer 

MULTIVIBRATORS 

Astable 

4047B 

Monostable 

4047B 
4528B 
4538B 
49388 

Timers 

4541B 
4753B 
4753V 

REGISTERS 

4006B 
4014B 
4015B 
4021B 
4031B 
4035B 
4076B 
4094B 
4517B 
4557B 
4731B 
4731V 
40194B 
40195B 

monostable/astable multivibrator 

monostable/astable multivibrator 
dual monostable multivibrator 
dual precision monostable multivibrator 
dual precision monostable multivibrator 

programmable timer 
universal timer module 
universal timer module 

18-stage static shift register 
8-bit static shift register 
dual 4-bit static shift register 
8-bit static shift register 
64-stage static shift register 
4-bit universal shift register 
quadruple D-type register with 3-state outputs 
8-stage shift-and-store bus register 
dual 64-bit static shift register 
1—to-64 bit variable length shift register 
quadruple 64-bit static shift register 
quadruple 64-bit static shift register 
4-bit bidirectional universal shift register 
4-bit universal shift register 

• I 

• 

• 

• 

• S 

225 
347 
355 
363 
393 
493 
529 
611 

329 

329 
577 
603 
757 

615 
623 
623 

•  159 
•  • 193 
• — --♦— 199 

235 
281 
287 
419 

• •  445 
515 
637 
671 
671 
843 
849 

• 

• 

• 

• 

• 

• 
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HE4000B FAMILY HEF HEC page 

SCHMITT TRIGGERS 

4093B quadruple 2-input NAND Schmitt trigger 
40106B hex inverting Schmitt trigger 

SPECIAL FUNCTIONS 

4046B phase-locked loop 
4104B quadruple low-to-high voltage translator with 3-state 

outputs 

4527B BCD rate multiplier 
4738V IEC/IEEE bus interface 
4750V frequency synthesizer 
4752V AC motor control circuit 
4754V 18-element bar graph LCD driver 
4755V transceiver for serial data communication 

SWITCHES 

4016B quadruple bilateral switches 
40668 quadruple bilateral switches 

TIMING ICs 

4541B programmable timer 
47538 universal timer module 

LED drivers 

4794 8-stage shift-and-store register LED driver 
4894 12-stage shift-and-store register LED driver 

S • 439 
773 • 

315 • 

453 • 

569 • 
683 • 

•--•— 691 
• 717 

729 • 

735 • 

S • 203 
S • 385 

• • 615 
721 • 

• 746 
• 751 
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NUMERICAL 
INDEX 

extended type no. 

HEC4001 BDB 
HEC4002BDB 
HEC4007UBDB 
HEC40097BDB 
HEC40098BDB 

HEC4011 BDB 
HEC4012BDB 
HEC4013BDB 
HEC4014BDB 
HEC4015BDB 

HEC4016BDB 
HEC4017BDB 
HEC40174BDB 
HEC40175BDB 
HEC4019BDB 

HEC40194BDB 
HEC40195BDB 
HEC4020BDB 
HEC4023BDB 
HEC4024BDB 

HEC4025BDB 
HEC4027BDB 
HEC4030BDB 
HEC4035BDB 
HEC4040BDB 

HEC4042BDB 
HEC4047BDB 
H E C4049 B D B 
HEC4050BDB 
HEC4051BDB 

HEC4066BDB 
HEC4068DBD 
HEC4069UBDB 
HEC4070BDB 
HEC4071 BDB 

HEC4073BDB 
HEC4081 BDB 
HEC4093BDB 
HEC4094BDB 
H EC4505BDB 

description 

Quadruple 2-input NOR gate 
Dual 4-input NOR gate 
Dual complementary pair and inverter 
3-state hex non-inverting buffer 
3-state hex inverting buffer 

Quadruple 2-input NAND gate 
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 
Hex D-type flip-flop 
Quadruple D-type flip-flop 
Quadruple 2-input multiplexer 

4-bit bidirectional universal shift register 
4-bit universal shift register 
14-stage binary counter 
Triple 3-input NAND gate 
7-stage binary counter 

Triple 3-input NOR gate 
Dual JK flip-flop 
Quadruple exclusive-OR gate 
4-bit universal shift register 
12-stage binary counter 

Quadruple D-latch 
Monostable/astable multivibrator 
Hex inverting buffers 
Hex non-inverting buffers 
8-channel analogue multiplexer/demultiplexer 

Quadruple bilateral switches 
8-input NAND gate 
Hex inverter 
Quadruple exclusive-OR gate 
Quadruple 2-input OR gate 

Triple 3-input AND gate 
Quadruple 2-input AND gate 
Quadruple 2-input NAND Schmitt trigger 
8-stage shift-and-store bus register 
64-bit, 1-bit per word random access read/write memory 

page 

147 
157 
163 
765 
769 

175 
185 
187 
193 
199 

203 
211 
819 
823 
225 

843 
849 
229 
249 
251 

255 
257 
281 
287 
295 

301 
329 
343 
345 
347 

385 
401 
403 
409 
411 

415 
429 
439 
445 
461 
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NUMERICAL 
INDEX 

extended type no. description page 

HEC4510BDB BCD up/down counter 477 
HEC4511 BDB BCD to 7-segment latch/decoder/driver 485 
HEC4512BDB 8-input multiplexer with 3-state output 493 
HEC4519BDB Quadruple 2-input multiplexer 529 
HEC4520BDB Dual binary counter 533 

HEC4528BDB Dual monostable multivibrator 577 
HEC4539BDB Dual 4-input multiplexer 611 
HEC4541 BDB Programmable timer 615 
HEC4556BDB Dual 1-of-4 decoder/demultiplexer 633 
HEC4557BDB 1-to-64 bit variable length shift register 637 

HEC4585BDB 4-bit magnitude comparator 643 
HEC4750VD Frequency synthesizer 691 
HEC4750VDB Frequency synthesizer 691 
HEC4751VD Universal divider 707 
HEC4751VDB Universal divider 707 

HEF4000BD Dual 3-input NOR gate and inverter 143 
HEF4000BP Dual 3-input NOR gate and inverter 143 
HEF4000BT Dual 3-input NOR gate and inverter 143 
HEF4001 BD Quadruple 2-input NOR gate 147 
HEF4001 BP Quadruple 2-input NOR gate 147 

HEF4001 BT Quadruple 2-input NOR gate 147 
HEF4001 UBD Quadruple 2-input NOR gate 149 
HEF4001UBP Quadruple 2-input NOR gate 149 
HEF4001UBT Quadruple 2-input NOR gate 149 
HEF4002BD Dual 4-input NOR gate 157 

HEF4002BP Dual 4-input NOR gate 157 
HEF4002BT Dual 4-input NOR gate 157 
HEF4006BD 18-stage static shift register 159 
HEF4006BP 18-stage static shift register 159 
HEF4006BT 18-stage static shift register 159 

HEF4007UBD Dual complementary pair and inverter 163 
HEF4007UBP Dual complementary pair and inverter 163 
HEF4007UBT Dual complementary pair and inverter 163 
HEF4008BD 4-bit binary full adder 171 
HEF4008BP 4-bit binary full adder 171 

HEF4008BT 4-bit binary full adder 171 
HEF40097BD 3-state hex non-inverting buffer 765 
HEF40097BP 3-state hex non-inverting buffer 765 
HEF40097BT 3-state hex non-inverting buffer 765 
HEF40098BD 3-state hex inverting buffer 769 
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INDEX 

extended type no. description 

HEF40098BP 
HEF40098BT 
HEF40106BD 
HEF40106BP 
HEF40106BT 

HEF4011B D 
HEF4011BP 
HEF4011BT 
HEF4011 UBD 
HEF4011 UBP 

HEF4011 UBT 
HEF4012BD 
HEF4012BP 
HEF4012BT 
HEF4013BD 

HEF4013BP 
HEF4013BT 
HEF4014BD 
HEF4014BP 
HEF4014BT 

HEF4015BD 
HEF4015BP 
HEF4015BT 
HEF4016BD 
HEF4016BP 

HEF4016BT 
HEF40160BD 
HEF40160BP 
HEF40160BT 
HEF40161 BD 

HEF40161 BP 
HEF40161BT 
HEF40162BD 
HEF40162BP 
HEF40162BT 

HEF40163BD 
HEF40163BP 
HEF40163BT 
HEF4017BD 
HEF4017BP 

3-state hex inverting buffer 
3-state hex inverting buffer 
Hex inverting Schmitt trigger 
Hex inverting Schmitt trigger 
Hex inverting Schmitt trigger 

Quadruple 2-input NAND 
Quadruple 2-input NAND 
Quadruple 2-input NAND 
Quadruple 2-input NAND 
Quadruple 2-input NAND 

gate 
gate 
gate 
gate 
gate 

Quadruple 2-input NAND gate 
Dual 4-input NAND gate 
Dual 4-input NAND gate 
Dual 4-input NAND gate 
Dual D-type flip-flop 

Dual D-type flip-flop 
Dual D-type flip-flop 
8-bit static shift register 
8-bit static shift register 
8-bit static shift register 

Dual 8-bit static shift register 
Dual 8-bit static shift register 
Dual 8-bit static shift register 
Quadruple bilateral switches 
Quadruple bilateral switches 

Quadruple bilateral switches 
4-bit synchr. decade counter with asynchr. reset 
4-bit synchr. decade counter with asynchr. reset 
4-bit synchr. decade counter with asynchr. reset 
4-bit synchr. binary counter with asynchr. reset 

4-bit synchr. binary counter with asynchr. reset 
4-bit synchr. binary counter with asynchr. reset 
4-bit synchr. decade counter with synchr. reset 
4-bit synchr. decade counter with synchr. reset 
4-bit synchr. decade counter with synchr. reset 

4-bit synchr. binary counter with synchr. reset 
4-bit synchr. binary counter with synchr. reset 
4-bit synchr. binary counter with synchr. reset 
5-stage Johnson counter 
5-stage Johnson counter 

page 

769 
769 
773 
773 
773 

175 
175 
175 
177 
177 

177 
185 
185 
185 
187 

187 
187 
193 
193 
193 

199 
199 
199 
203 
203 

203 
779 
779 
779 
789 

789 
789 
799 
799 
799 

809 
809 
809 
211 
211 
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extended type no. 

HEF4017BT 
HEF4017BD 
HEF40174BP 
HEF40174BT 
HEF40175BD 

HEF40175BP 
HEF40175BT 
HEF4018BD 
HEF4018BP 
HEF4018BT 

HEF4019BD 
HEF4019BP 
HEF4019BT 
HEF40192BD 
HEF40192BP 

HEF40192BT 
HEF40193BD 
HEF40193BP 
HEF40193BT 
HEF40194BD 

HEF40194BP 
HEF40194BT 
HEF40195BD 
HEF40195BP 
HEF40195BT 

HEF4020BD 
HEF4020BP 
HEF4020BT 
HEF4021 BD 
HEF4021 BP 

HEF4021 BT 
HEF4022BD 
HEF4022BP 
HEF4022BT 
H E F4023B D 

HEF4023BP 
H EF4023 BT 
H E F4024B D 
HEF4024BP 
HEF4024BT 

description 

5-stage Johnson counter 
Hex 0-type flip-flop 
Hex 0-type flip-flop 
Hex 0-type flip-flop 
Quadruple D-type flip-flop 

Quadruple D-type flip-flop 
Quadruple 0-type flip-flop 
Presettable divide-by-n counter 
Presettable divide-by-n counter 
Presettable divide-by-n counter 

Quadruple 2-input multiplexer 
Quadruple 2-input multiplexer 
Quadruple 2-input multiplexer 
4-bit up/down decade counter 
4-bit up/down decade counter 

4-bit up/down decade counter 
4-bit up/down binary counter 
4-bit up/down binary counter 
4-bit up/down binary counter 
4-bit bidirectional universal shift register 

4-bit bidirectional universal shift register 
4-bit bidirectional universal shift register 
4-bit universal shift register 
4-bit universal shift register 
4-bit universal shift register 

14-stage binary counter 
14-stage binary counter 
14-stage binary counter 
8-bit static shift register 
8-bit static shift register 

8-bit static shift register 
4-stage divide-by-8 Johnson 
4-stage divide-by-8 Johnson 
4-stage divide-by-8 Johnson 
Triple 3-input NAND gate 

Triple 3-input NAND gate 
Triple 3-input NAND gate 
7-stage binary counter 
7-stage binary counter 
7-stage binary counter 

counter 
counter 
counter 

page 

211 
819 
819 
819 
823 

823 
823 
219 
219 
219 

225 
225 
225 
827 
827 

827 
835 
835 
835 
843 

843 
843 
849 
849 
849 

229 
229 
229 
235 
235 

235 
241 
241 
241 
249 

249 
249 
251 
251 
251 
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INDEX 

extended type no. description page 

HEF40240BD Octal inverting buffers with 3-stage outputs 857 
HEF40240BP Octal inverting buffers with 3-stage outputs 857 
HEF40240BT Octal inverting buffers with 3-stage outputs 857 
HEF40244BD Octal buffers with 3-state outputs 863 
HEF40244BP Octal buffers with 3-state outputs 863 

HEF40244BT Octal buffers with 3-state outputs 863 
HEF40245BD Octal bus transceiver with 3-state outputs 869 
HEF40245BP Octal bus transceiver with 3-state outputs 869 
HEF40245BT Octal bus transceiver with 3-state outputs 869 
HEF4025BD Triple 3-input NOR gate 255 

HEF4025BP Triple 3-input NOR gate 255 
HEF4025BT Triple 3-input NOR gate 255 
HEF4027BD Dual JK flip-flop 257 
HEF4027BP Dual JK flip-flop 257 
HEF4027BT Dual JK flip-flop 257 

HEF4028BD 1-of-10 decoder 263 
HEF4028BP 1-of-10 decoder 263 
HEF4028BT 1-of-10 decoder 263 
HEF4029BD Synchronous up/down counter, binary/decade counter 267 
HEF4029BP Synchronous up/down counter, binary/decade counter 267 

HEF4029BT Synchronous up/down counter, binary/decade counter 267 
HEF4030BD Quadruple exclusive-OR gate 279 
HEF4030BP Quadruple exclusive-OR gate 279 
HEF4030BT Quadruple exclusive-OR gate 279 
HEF4031 BD 64-stage static shift register 281 

HEF4031 BT 64-stage static shift register 281 
HEF4031 BT 64-stage static shift register 281 
HEF4035BD 4-bit universal shift register 287 
HEF4035BP 4-bit universal shift register 287 
HEF4035BT 4-bit universal shift register 287 

HEF40373BD Octal transparent latch with 3-state outputs 875 
HEF40373BP Octal transparent latch with 3-state outputs 875 
HEF40737BT Octal transparent latch with 3-state outputs 875 
HEF40374BD Octal D-type flip-flop with 3-state outputs 881 
HEF40374BP Octal D-type flip-flop with 3-state outputs 881 

HEF40374BT Octal D-type flip-flop with 3-state outputs 881 
HEF4040BD 12-stage binary counter 295 
HEF4040BP 12-stage binary counter 295 
HEF4040BT 12-stage binary counter 295 
HEF4041 BD Quadruple true/complement buffer 299 
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extended type no. 

HEF404'IBP 
HEF4041BT 
H EF4042 B D 
HEF4042BP 
HEF4042BT 

HEF4043BD 
HEF4043BP 
HEF4043BT 
HEF4044BD 
HEF4044BP 

HEF4044BT 
H E F4046B D 
HEF4046BP 
HEF4046BT 
HEF4047BD 

HEF4047BP 
HEF4047BT 
HEF4049BD 
HEF4049BP 
HEF4049BT 

HEF4050BD 
HEF4050BP 
HEF4050BT 
HEF4051 BD 
HEF4051 BP 

HEF4051 BT 
H EF4052B D 
HEF4052BP 
HEF4052BT 
HEF4053BD 

HEF4053BP 
HEF4053BT 
HEF4059BD 
HEF4059BP 
HEF4059BT 

HEF4060BD 
HEF4060BP 
HEF4060BT 
HEF4066BD 
HEF4066BP 

description 

Quadruple true/complement buffer 
Quadruple true/complement buffer 
Quadruple 0-latch 
Quadruple 0-latch 
Quadruple 0-latch 

Quadruple R/S latch 
Quadruple R/S latch 
Quadruple R/S latch 
Quadruple R/S latch 
Quadruple R/S latch 

with 3-state outputs 
with 3-state outputs 
with 3-state outputs 
with 3-state outputs 
with 3-state outputs 

Quadruple R/S latch with 3-state outputs 
Phase-locked loop 
Phase-locked loop 
Phase-locked loop 
Monostable/astable multivibrator 

Monostable/astable multivibrator 
Monostable/astable multivibrator 
Hex inverting buffers 
Hex inverting buffers 
Hex inverting buffers 

Hex non-inverting buffers 
Hex non-inverting buffers 
Hex non-inverting buffers 
8-channel analogue multiplexer/demultiplexer 
8-channel analogue multiplexer/demultiplexer 

8-channel analogue multiplexer/demultiplexer 
Dual 4-channel analogue multiplexer/demultiplexer 
Dual 4-channel analogue multiplexer/demultiplexer 
Dual 4-channel analogue multiplexer/demultiplexer 
Triple 2-channel analogue multiplexer/demultiplexer 

Triple 2-channel analogue multiplexer/demultiplexer 
Triple 2-channel analogue multiplexer/demultiplexer 
Programmable divide-by-n counter 
Programmable divide-by-n counter 
Programmable divide-by-n counter 

14-stage ripple-carry binary counter/divider and oscillator 
14-stage ripple-carry binary counter/divider and oscillator 
14-stage ripple-carry binary counter/divider and oscillator 
Quadruple bilateral switches 
Quadruple bilateral switches 

page 

299 
299 
301 
301 
301 

307 
307 
307 
311 
311 

311 
315 
315 
315 
329 

329 
329 
343 
343 
343 

345 
345 
345 
347 
347 

347 
355 
355 
355 
363 

363 
363 
371 
371 
371 

377 
377 
377 
385 
385 
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HEF4066BT 
H E F4067 B D 
HEF4067BP 
HEF4067BT 
H E F4068B D 

H E F4068B P 
HEF4068BT 
H EF4069U B D 
HEF4069UBP 
HEF4069U BT 

H EF4070B D 
HEF4070BP 
HEF4070BT 
HEF4071 BD 
HEF4071 BP 

HEF4071BT 
H E F4072 B D 
HEF4072BP 
HEF4072BT 
H E F4073B D 

HEF4073BP 
HEF4073BT 
HEF4075BD 
HEF4075BP 
HEF4075BT 

H EF4076B D 
HEF4076BP 
HEF4076BT 
HEF4077BD 
H E F4077B P 

HEF4077BT 
H E F4078B D 
HEF4078BP 
HEF4078BT 
HEF4081 BD 

HEF4081 BP 
HEF4081 BT 
HEF4082BD 
HEF4082BP 
HEF4082BT 

description 

Quadruple bilateral switches 
16-channel analogue multiplexer/demultiplexer 
16-channel analogue multiplexer/demultiplexer 
16-channel analogue multiplexer/demultiplexer 
8-input NAND gate 

8-input NAND gate 
8-input NAND gate 
Hex inverter 
Hex inverter 
Hex inverter 

Quadruple exclusive-OR gate 
Quadruple exclusive-OR gate 
Quadruple exclusive-OR gate 
Quadruple 2-input OR gate 
Quadruple 2-input OR gate 

Quadruple 2-input OR gate 
Dual 4-input OR gate 
Dual 4-input OR gate 
Dual 4-input OR gate 
Triple 3-input AND gate 

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

Quadruple D-type register 
Quadruple D-type register 
Quadruple D-type register 
Quadruple exclusive-NOR 
Quadruple exclusive-NOR 

with 3-state outputs 
with 3-state outputs 
with 3-state outputs 
gate 
gate 

Quadruple exclusive-NOR gate 
8-input NOR gate 
8-input NOR gate 
8-input NOR gate 
Quadruple 2-input AND gate 

Quadruple 2-input AND gate 
Quadruple 2-input AND gate 
Dual 4-input AND gate 
Dual 4-input AND gate 
Dual 4-input AND gate 

page 

385 
393 
393 
393 
401 

401 
401 
403 
403 
403 

409 
409 
409 
411 
411 

411 
413 
413 
413 
415 

415 
415 
417 
417 
417 

419 
419 
419 
425 
425 

425 
427 
427 
427 
429 

429 
429 
431 
431 
431 
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extended type no. description page 

HEF4085BD Dual 2-wide 2-input AND-OR invert gate 433 
HEF4085BP Dual 2-wide 2-input AND-OR invert gate 433 
HEF4085BT Dual 2-wide 2-input AND-OR invert gate 433 
HEF4086BD 4-wide 2-input AND-OR invert gate 435 
HEF4086BP 4-wide 2-input AND-OR invert gate 435 

HEF4086BT 4-wide 2-input AND-OR invert gate 435 
HEF4093BD Quadruple 2-input NAND Schmitt trigger 439 
HEF4093BP Quadruple 2-input NAND Schmitt trigger 439 
HEF4093BT Quadruple 2-input NAND Schmitt trigger 439 
HEF4094BD 8-stage shift-and-store register 445 

HEF4094BP 8-stage shift-and-store register 445 
HEF4094BT 8-stage shift-and-store register 445 
HEF4104BP Quadruple low to high voltage translator with 3-state outputs 453 
HEF4104BP Quadruple low to high voltage translator with 3-state outputs 453 
HEF4104BT Quadruple low to high voltage translator with 3-state outputs 453 

HEF4502BD Strobed hex inverter/buffer 457 
HEF4502BP Strobed hex inverter/buffer 457 
HEF4502BT Strobed hex inverter/buffer 457 
HEF4505BD 64-bit, 1-bit per word random access read/write memory 461 
HEF4505BP 64-bit, 1-bit per word random access read/write memory 461 

HEF4508BD Dual 4-bit latch 469 
HEF4508BP Dual 4-bit latch 469 
HEF4508BT Dual 4-bit latch 469 
HEF4510BD BCD up/down counter 477 
HEF4510BP BCD up/down counter 477 

HEF4510BT BCD up/down counter 477 
HEF4511 BD BCD to 7-segment latch/decoder/driver 485 
HEF4511 BP BCD to 7-segment latch/decoder/driver 485 
HEF451 1 BT BCD to 7-segment latch/decoder/driver 485 
HEF4512BD 8-input multiplexer with 3-state output 493 

HEF4512BP 8-input multiplexer with 3-state output 493 
HEF4512BT 8-input multiplexer with 3-state output 493 
HEF4514BD 1-of-16 decoder/demultiplexer with input latches 499 
HEF4514BP 1-of-16 decoder/demultiplexer with input latches 499 
HEF4514BT 1-of-16 decoder/demultiplexer with input latches 499 

HEF4515BD 1-of-16 decoder/demultiplexer with input latches 503 
HEF4515BP 1-of-16 decoder/demultiplexer with input latches 503 
HEF4515BT 1-of-16 decoder/demultiplexer with input latches 503 
HEF4516BD Binary up/down counter 507 
HEF4516BP Binary up/down counter 507 
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INDEX 

extended type no. 

HEF4516BT 
HEF4517BD 
HEF4517BP 
HEF4517BT 
HEF4518BD 

HEF4518BP 
HEF4518BT 
HEF4519BD 
HEF4519BP 
HEF4519BT 

HEF4520BD 
HEF4520BP 
HEF4520BT 
HEF4521 BD 
HEF4521 BP 

HEF4521 BT 
HEF4522BD 
H E F4522B P 
HEF4522BT 
H EF4526B D 

H EF4526B P 
HEF4526BT 
HEF4527BD 
HEF4527BP 
HEF4527BT 

H EF4528B D 
HEF4528BP 
HEF4528BT 
HEF4531 BD 
HEF4531BP 

HEF4531BT 
HEF4532BD 
HEF4532BP 
HEF4532BT 
H EF4534BD 

HEF4534BP 
HEF4534BT 
H EF4538B D 
HEF4538BP 
HEF4538BT 

description 

Binary up/down counter 
Dual 64-bit static shift register 
Dual 64-bit static shift register 
Dual 64-bit static shift register 
Dual BCD counter 

Dual BCD counter 
Dual BCD counter 
Quadruple 2-input multiplexer 
Quadruple 2-input multiplexer 
Quadruple 2-input multiplexer 

Dual binary counter 
Dual binary counter 
Dual binary counter 
24-stage frequency divider and oscillator 
24-stage frequency divider and oscillator 

24-stage frequency divider and oscillator 
Programmable 4-bit BCD down counter 
Programmable 4-bit BCD down counter 
Programmable 4-bit BCD down counter 
Programmable 4-bit binary down counter 

Programmable 4-bit binary down counter 
Programmable 4-bit binary down counter 
BCD rate multiplier 
BCD rate multiplier 
BCD rate multiplier 

Dual monostable multivibrator 
Dual monostable multivibrator 
Dual monostable multivibrator 
13-input parity checker/generator 
13-input parity checker/generator 

13-input parity checker/generator 
8-input priority encoder 
8-input priority encoder 
8-input priority encoder 
Real time 5-decade counter 

Real time 5-decade counter 
Real time 5-decade counter 
Dual precision monostable multivibrator 
Dual precision monostable multivibrator 
Dual precision monostable multivibrator 

page 

507 
515 
515 
515 
523 

523 
523 
529 
529 
529 

533 
533 
533 
539 
539 

539 
549 
549 
549 
559 

559 
559 
569 
569 
569 

577 
577 
577 
583 
583 

583 
587 
587 
587 
595 

595 
595 
603 
603 
603 
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extended type no. 

HEF4539B D 
H EF4539B P 
HEF4539BT 
HEF4541 BD 
HEF4541 BP 

HEF4541BT 
HEF4543BD 
H E F4543B P 
HEF4543BT 
HEF4555BD 

HEF4555BP 
HEF4555BT 
HEF4556BD 
HEF4556BP 
HEF4556BT 

HEF4557BD 
HEF4557BP 
HEF4557BT 
HEF4585BD 
HEF4585BP 

HEF4585BT 
HEF4720BD 
HEF4720BP 
HEF4720BT 
HEF4720VD 

HEF4720VP 
HEF4720VT 
HEF4724BD 
HEF4724BP 
HEF4724BT 

HEF4731 BD 
HEF4731 BP 
HEF4731 VD 
HEF4731VP 
HEF4737BD 

HEF4737BP 
HEF4737VD 
HEF4737VP 
H EF4738VP 
HEF4750VD 

description page 

Dual 4-input multiplexer 
Dual 4-input multiplexer 
Dual 4-input multiplexer 
Programmable timer 
Programmable timer 

Programmable timer 
BCD to 7-segment latch/decoder/driver 
BCD to 7-segment latch/decoder/driver 
BCD to 7-segment latch/decoder/driver 
Dual 1-of-4 decoder/demultiplexer 

Dual 1-of-4 decoder/demultiplexer 
Dual 1-of-4 decoder/demultiplexer 
Dual 1-of-4decoder/demultiplexer 
Dual 1-of-4 decoder/demultiplexer 
Dual 1-of-4 decoder/demultiplexer 

1-to-64 bit variable length shift 
1-to-64 bit variable length shift 
1-to-64 bit variable length shift 
4-bit magnitude comparator 
4-bit magnitude comparator 

4-bit magnitude comparator 
256-bit, 1-bit per word random 
256-bit, 1-bit per word random 
256-bit, 1-bit per word random 
256-bit, 1-bit per word random 

register 
register 
register 

access memories 
access memories 
access memories 
access memories 

256-bit, 1-bit per word random access memories 
256-bit, 1-bit per word random access memories 
8-bit addressable latch 
8-bit addressable latch 
8-bit addressable latch 

Quadruple 64-bit static shift register 
Quadruple 64-bit static shift register 
Quadruple 64-bit static shift register 
Quadruple 64-bit static shift register 
Quadruple static decade counters 

Quadruple static decade counters 
Quadruple static decade counters 
Quadruple static decade counters 
IEC/IEEE bus interface 
Frequency synthesizer 

611 
611 
611 
615 
615 

615 
623 
623 
623 
629 

629 
629 
633 
633 
633 

637 
637 
637 
643 
643 

643 
649 
649 
649 
649 

649 
649 
665 
665 
665 

671 
671 
671 
671 
675 

675 
675 
675 
683 
691 
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extended type no. 

H EF4751 VD 
HEF4751VP 
HEF4751VT 
HEF4752VD 
HEF4752VP 

HEF4753BD 
HEF4753BP 
HEF4754VD 
HEF4754VP 
HEF4754VT 

HEF4755VD 
HEF4755VP 
HEF4755VT 
HEF4794BP 
HEF4794BT 

HEF4894BP 
HEF4894BT 
HEF4938B 

description 

Universal divider 
Universal divider 
Universal divider 
A.C. motor control circuit 
A.C. motor control circuit 

Universal timer module 
Universal timer module 
18-element bar graph LCD driver 
18-element bar graph LCD driver 
18-element bar graph LCD driver 

Transceiver for serial data communication 
Transceiver for serial data communication 
Transceiver for serial data communication 
8-stage shift-and-store register LED driver 
8-stage shift-and-store register LED driver 

12-stage shift-and-store register LED driver 
12-stage shift-and-store register LED driver 
Dual precision monostable multivibrator 

page 

707 
707 
707 
717 
717 

721 
721 
729 
729 
729 

735 
735 
735 
746 
746 

751 
751 
757 
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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 chose- 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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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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MOS DEVICES 

HANDLING MOS DEVICES 

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

Caution 

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

Storage and transport 

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

Testing or handling 

Work on a conductive surface (e.g. metal table top) when testing the circuits or transferring them from 
one carrier to another. Electrically connect the person doing the testing or handling to the conductive 
surface, for example by a metal bracelet and a conductive cord or chain. Connect all testing and hand-
ling equipment to the same surface. 
Signals should not be applied to the inputs while the device power supply is off. All unused input leads 
should be connected to either the supply voltage or ground. 

Mounting 

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

Soldering 

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

Static charges 

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

Transient voltages 

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

Voltage surges 

Beware of voltage surges due to switching electrical equipment on or off, relays and d.c. lines. 
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BURN-IN OPTIONS 

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

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

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

• reduced infant mortality 
• reduced printed-circuit board and system re-design 
• reduced equipment down-time 
• reduced field failures 

Flow-charts 

NORMAL FLOW BURN-IN FLOW 

MARK 

FINAL TEST 
D.C./FUNCTIONAL 

ACCEPTANCE 
TESTING 

7290188 

Burn-in is performed under the following conditions: 

VDD 15V 
Tamb 125°C 
time 168 hours 
bias static 

or equivalent 

MARK 

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

BURN-IN 

FINAL TEST 
D.C./FUNCTIONAL 

ACCEPTANCE 
TESTING 
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ORDERING (not for USA/Canada) 

When ordering please state the quantity required and the following information (check index for availability of 
HEC types): 

H E X 4XXX 

Screening class 
B if burn-in option is required 

Package code 
P plastic dual in-line 
T plastic SO 
D ceramic dual in-line 

JEDEC 'B' series CMOS specification 
B buffered 
UB unbuffered 
V limited operating voltage 

4XXX device number 

Operating ambient temperature range 
F —40 to +85 °C 
C —55 to +125 °C 

HE family identification 

ORDERING (USA and Canada) 

When ordering please state the quantity required and the following information: 

H E F 4XXX 

Package code 
N plastic dual in-line 
D plastic SO 

Package code as marked on the device 
P plastic dual in-line 
T plastic SO 

JEDEC 'B' series CMOS specification 
B buffered 
UB unbuffered 
V limited operating voltage 

4XXX device number 

F operating ambient temperature range —40 to +85 °C 

HE family identification 
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FUNCTIONAL 
DIAGRAMS/ 

J  IEC SYMBOLS 

HEF4000B 

3 I1 

L Ip O1 

5 I3 

11 14 

12 I5 02 

13 I6 

8 17 0 3

6 

10 

9 

Dual 3-input NOR 
gate and inverter. 

HEF4001B 

Quadruple 2-input 
NOR gate. 

HEF4001UB 

Quadruple 2-input 
NOR gate; unbuffered. 

H E F4002B 

2 

3 

I1 

013 12 

4 13 

02 

4 

13 
e 

5 14 
9 I5 

10 Ifi 
11 17 
12 Ig 10 

12 

Dual 4-input 
NOR gate. 

lZ6J 161.2 

13 

') 
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H E F4006B 

i A 

5 

4 

6 

- a 

SHIFT REGISTER 

4-BITS 

SHIFT REGISTER 

4-BITS 

DC l

3 CP 

SHIFT REGISTER 

5 -BITS 

O3A 13 

G3B 10 

°4C 12 

3C 11 

SHIFT REGISTER 

5-BITS 

°4D 9 

L O3D

1Z73675.2 

B 

18-stage static shift register. 

HEF4007UB 

6 

3 2 1 11 

G 

P 

Dpi SP2 Opt S 
X00 14 

N 

/P3 12 

X55 7 

DNi 
8 

G2

3 
5N2
4 

DN2
5 

03

10 

Dual complementary pair and 
inverter; unbuffered. 

5N3 
9 
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HE F4008B 

COUT 14 HIGH-SPEED 
PARALLEL CARRY 

15 B3 
S3 13 ADDER 

4 
1 A3 

1 
2 B2 

ADDER S2 12 
3 

3 A2 

1 
4 61 ADDER Si 11 

2 
5 Al 

i 

6 Ba ADDER Sp 10 
1 

7 Ap 

9 GIN 

7Z74648.1 

Obit binary full adder. 

HEF4011B 

Quadruple 2-input 
NAND gate. 

HEF4011UB 

]Z 69563 

Quadruple 2-input 
NAND gate; unbuffered. 

1 
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HEF4012B 

2 1, 3 12 4 I3 5 I,. 9 Ig 10 16 L 11 I7,___ 12 16 r 

0, 
02 

1 

13 
Dual 4-input 
NAND gate. 

HEF4013B 

SD1 D1 01CP1 FF 010D1 

11 
10 

'D2 D2 02 CP2 FF 020D2 
7Z69524.1 

13 
12 

Dual D-type flip-flop. 

HEF4014B 

9 PE 
11 
10 

DS I  IU D 

CF 

7 6 P0 P15 4 P2 P313 14 P4 I P5 15 1 P6 JP7 

CP D7 D1 SHIFT REGISTER 8-BITS 05 O6072 127Z69525.3 3 
8-bit static shift register. 

10 9 1 7 6 5 4 13 14 15 

SRG8 >C211-Ml -I t 2D 1,20 20 
2 12 
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HEF4015B 

9 
SRG4 

C17-.- 

7 DA O0A 
s 

5 R 

9 C PA
SHIFT 

REGISTER 

01A 4 5 

4 
1 

02A 3 
4-BITS 3 

03A 10 10

6 M RA
SRG4 

1 Cl /-
15 DB 00B 

14 
13 R 

SHIFT O18 12 15 1 13 

02B 11 
1 CPB REGISTER 

4-BITS 
0 3B 2 2 

14 MRB
7296761 

7269526.2 

Dual Obit static 
shift register. 

HEF4016B 

13 1 5 4 6 IB 12 11 13 13# 
xi ~r E Y E Y E ly E 3 4 3 

5 
4 ~ 1r

8 

0 1 Z2 Z3 
s # s ~ lr 2 3 19 

7269571.2 

10 
it 10 

12 

7Z93302.1 

Quadruple bilateral switches. 7296925 
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HEF4018B 

10 

1 

14

15 

2 3 7 9 12 

PL 

D 

CP 

MR 

PO P1 P2 P3 P4

PARALLEL LOAD 
CIRCUITRY 

CD /SD

COUNTER 

O1 O2 O3 O4

5 4 6 11 13 

7269527.3 

Presettable divide-by-n counter. 

HEF4019B 

9 

14 

10 11 12 

t 

13 
7269542.3 

Quadruple 2-input multiplexer. 

i 

6 

4 
5 
2 
3

15 

01 
02 
i r 

10 
2 

11 

12 

13 

H E F4020B 

10 

11 

CPo

MR 

T 
12-STAGE COUNTER 

CD

O0 O3

7 

O4

5 

O5

4 
O6 
6 

O7

13 12 14 15 1 
O8 O9 O10 O11 O12 

2 
O13 
3 9 

7Z 736 80 .3 

14-stage binary counter. 

10^

11 

CT614 

CT=0 

CT 

0 
8 

3-i 
5

4 

13 

12 

14 

15 

i 

2 

13 2 

7Z93382..1 
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HEF4021B 

9 PL 

l P0 lP1 l P2 

4 13 14 
P3 j 4 P5

7 6 5 15 
P6 1' P7

11 DS

10 CP 

SD/CD 
D SHIFT REGISTER 

CP 
8 -BITS 

7269530.4 

1O5 

1O6 2 12 3 

O7

8-bit static shift register. 

10 
9 

L2 

11 1 

'-1 

7 
6 
5 
4 

13 
14 
15 

10 
20 
20 

SRG8 
>O/-

2 
3 

HEF4022B 

13 CP 

14 CP0

15 MR 

7269565.2 

4 -STAGE JOHNSON COUNTER 

DECODING AND OUTPUT CIRCUITRY 

O0 

2 

O 

1 

O2

3 

O3

7 

O4

11 

O5 1O6 

4 5 

O 

10 

O47 2 

4-stage divide-by-8 Johnson counter. 
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H E F4024B 

1 

2 

CPo

MR 

T 

CD 
7 -STAGE COUNTER 

O0

12 11 5 4 3 

O1

7Z59531.4 

O2 O3

9 6 

O4 O5 O6 

H E F4027B 

10 

13

11 

12 

SD1 
J1 O1 

CP1 FF 

K1 O1 
CD1 

7 
I 

SD2 
-2 O2 

CP2 FE 

K2 O2 

CD2 

7 Z69532.1 

15 

14 

1 

2 

7-stage binary counter. 

Dual JK flip-flop. 

,Z93872.I 
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HE F4028B 

H E F4029B 

10 13 12 11 

10 

3X/Y 
0 
1

2 2
3

4 
5 

6 
7 4 

6 
9 

A0 Al A2 A3
14 

DECODER 

15 

j-2 
12 2 
11 ~ 

00 0 1 02 03 04 05 I 06 07 108 O9 9 
5 3 14 2 15 1 6 7 4 9 5 

7Z73681.1 

PL 

CP -

_ O 
CE  

BIN/DEC 

UP/DN 

1-of-10 decoder. 

PARALLEL LOAD CIRCUITRY 

CD /SD

COUNTER 

7Z73683.2 

Synchronous up/down counter, 
binary/decade counter. 

CTRDIVm 
1N2-

C6 
65 
5M1 
5M2 

M3[m-161 
M4[m _ 101 

1,4C14 9 
1,3CT.15 

2C17 0 

HEF4030B 

1 [, °1 3 2 
2 I2 

02 
5 

/D 
13 

4 
6 14

03

10 

8 15
9 

10 2 9 16 11 

12 17 
04 

3 

11 
13 1e 

Quadruple EXCLUSIVE-OR gate. 
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HEF4031B 

15 

10 

Dq

A/B 

O63 6 
64-STAGE 

1 B STATIC SHIFT 

2 CF REGISTER O63 7 

CO 9 

7769534.2 

64-stage static shift register. 

H E F4035B 

7Z69535.3 

H E F4040B 

ARALLEL ENABLE CIRCUITRY 

CP 0 
D1 D2 

03
SHIFT REGISTER 4-BITS 

TRUE /COMPLEMENT CIRCUITRY 

4-bit universal shift register. 

SRG4 
6 >C2li-
7  M1 

2 N3 
5 9

r 
4  1,2J 

-if .1,2K 3 
9 1,20 

10~ 

CTR12 

CT=O 

CT. 

9 
0 

6 

5 

3 

2 

a 

10 CPO

11 

T 
12-STAGE COUNTER 

CO 
11 MR 

O0 IO1 O2 O3 O4 O5 O6 O7

I4 I13 

OB Og O10 IO 1 
13 

12 
9 7 6 5 3 2 12 14 15 1 14 

7Z69636.3 
15 

1 

)2938]9.1 

12-stage binary counter. 
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Quadruple true/complement buffer. 

1 
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IEC SYMBOLS 

HEF4043B 

4 so 
O0 2 

3 0 

6 1 
O1 9 

7 1 

12 2 

3-STATE 
OUTPUTS 

O2 10 
11 2 

14 S3 

O3 1 
15 R3 

5 EO 

7Z73687.3 

Quadruple R/S latch with 3-state outputs. 

HEF4044B 

3 SO 
O0 13 

4 R0 

7 1 
O1 9 

6 R1 

3-STATE 
OUTPUTS 

11 S2 
O2 10 

12 R2 

15 S3 
3 1 

14 R3 

5 EO 

7Z73689.3 

Quadruple R/S latch with 3-state outputs. 
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J  IEC SYMBOLS 

HEF4046B 

PHASE 
COMPARATOR 1 

SIGNIN  

COMPIN

4 

3 

-~ \VCOOUT

CiA

4 

6 

ct T 

---I 

C18 7 

R1 q1 11 

v5- R2 R2 12 

INH 

VCO 

2 PC1OUT 

PHASE 
  COMPARATOR 

1 

13 

PC20 UT 

1 PCPOUT 

9 VCOIN 

SOURCE 
FOLLOWER 

VSS  

0 

1 

R3 

LOW-PASS 
FILTER T C2 

OUT

1 VSS 

RSF 

I 
VSS 

ZENER 

Phase-locked loop. 

]2]3691.2 

14 SIGN 
3  COMP 

6 X CX 
7 XCX 

" XRX 
Z xOX 
9  

VCO 
5 #INH 

PALL 
4046 

PCOI 
PCOII 

PP 

13 
1 

fl 10 

H E F4047B 

2 

13 

—4 > --

1 3 
RCTC TC 

OSCILLATOR 
OUTPUT RETMON/AST 

4047 

ASTABLE 

GATE 

CONTROL ASTABLE 

RETRIGGER 

CONTROL 

5 ASTABLE 

RETRIGGER 
4 

Cx [TI 
CXIRX 
OX 

13 

3 
12 

4-
4 ASTABLE 2 

MULTI- -~-TR 

6 -TRIGGER 
VIBRATOR 0 

6 ITR 10 

MONOSTABLE 
FREQUENCY 

10 4 AST 
AST .. 11 5

8 TRIGGER 'ZCONTROL 
DIVIDER 

1$2I —c — 
RETR 

11 9 

I t MR 9 

7Z74556 

Monostable/astable multivibrator. 
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HEF4051B 

16 

11 

10 

9 

6 

VDD _ 

LOGIC 
LEVEL 

CONVERSION 

1-of -8
DECODER 

Al 

Y2 

y3

A2 

T 
- 6 

Y5 

Yg 

Z 

VSS ` VEE 
8 7 7269537.4 

13 

14 

15 

12 

1 

5 

2 

4 

3 

MDX 
Ol D 

JIIy BX! 1 
9 

2 2 
6 08 3 

4 
3 5 5 

2 

4 

13 

14 

12 

1 

fi

7 

1Z93210.2 

8-channel analogue 
mu Itiplexer/demu Itiplexer. 
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H E F4052B 

15 

10 

9 

0 

Al 

VOO 

LOGIC 
LEVEL 

CONVERSION 

VSS 
B 

1-of -4 
DECODER 

VEE
7 

ZA 13 

Y1B 5 

Y1A 14 

• 

1Y28 2 

'3B 4 

ZB 3 

]269538.4 

Dual 4-channel analogue multiplexer/demultiplexer. 

9 

3 

1 

4 

4X J 

R 
293954.1 

11 

14 

15 
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H E F4053B 

16 

DD 

11 

10 

9 

SA 

B 

SC 

LOGIC 
LEVEL 

CONVERSION 

VSS
8 

DECODER 

VEE
7 

ZA 14 

Y1A 

Y16 

13 

12 

15 

V08 

ZC 

1 

2 

4 

H Y1C 

Y0C 

7Z69539.4 

3 

5 

72939654 

Triple 2-channel analogue multiplexer/demultiplexer. 
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IEC SYMBOLS 

HEF4059B 

3 4 5 6 22 21 20 19 18 17 16 15 10 9 8 I 7 7Z84351 

1 CP 

14 

13 

1 

a 

b 

C 

J1 J2 J J J J6 J7 J8 J 9 J10 J11 12 13 J14 15 J16 

PRESETTABLE LOGIC 
preset enable 

T 

1 5t 
COUNTING 
SECTION 

:10,8,5,4,2 =10 

INTERMEDIATE COUNTING SECTION 

 r 

10 
r 

1 

MODE 
SELECTION 

DETECTION 

10 

VDD VSS 

PRESET 

ENABLE 

5th 
COUNTING 
SECTION 

- 1,2,2,4,8 

Jj 

124 112 

4 

6 

22 

2 

20 

9 

8 

CTRDIVm 
4059 

JAM 
Z1-

16 

0 

5EL 
2 

1 CLK 

2D 

C2 
23 

Programmable divide-by-n counter. 

OUTPUT 
STAGE 

EL 

2 

O 

23 

1 
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H E F4060B 

11 

12 

10 

RTC 

9 

CTC 

MR 

O-a CE 
CO

14 -STAGE BINARY COUNTER 

O3

7 

O4

5 

O5

4 

O6

6 14 13 15 1 

O7 O8 O9 O11 O12 
2 3 

O13 

7264437 

1Z93322 .I 

)296923 

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

H E F4066B 

13 1 5 4 6 8 12 11 
13 # 

2 
13 #  x, 

4E Y E Y E Y E3 Y3 
4 3 s #  x1 
s # 

9 Z0 Z1 Z2 Z3 

6 # 
6 # x1 

2 3 9 10 

7269571.2 11 10 11 

12 ~Z 12 # 
X1 

]296945.1 

Quadruple bilateral switches. 

2 

r
10 

r 
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H E F4067B 

10 0 

11 

4 

3 

15 E 

1-of-16 
DECODER 

V0 9 

18 
Y2 

Y3 

Y4 

Y5 

Yg 

Y7

Y8 

Y9 

V10 

V11 

Y12 

Y13 

Y14 

Y15 

z 

7 

6 

5 

4 

3 

2 

23 

22 

21 

20 

19 

18 

17 

16 

1 

7Z73694.3 

16-channel analogue multiplexer/demultiplexer. 

0 
s 
e 

14 }16x - 6 

13 

7Z86989 

5 

a 
3 

z 
23 

22 

21 

20 
19 

18 

17 

16 

H E F4068B 

~z ssss~ 

8-input NAND gate. 

HEF4069UB 

I 1 1± 

11 1 ~10

3 1 ~12

7290947.1 

Hex inverter; unbuffered. 

1 
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H E F4073B 

3 It 

4 I2  )) 
5 I3  J 

8 16

11 Iy 

12 I B 0 3
13 19 

nv~eoe 

6 

9 4 

5 

13 

Triple 3-input AND gate. 

H E F4075B 

3 It 

4 I2 Ot 6 5 
5 13 

1 14 
2 
8 

15 
I 6

Oz 9 
2 

a 
11 17

12 Ie 0 3 10 

13 I 9 n 

1z 

~z v3ioo 

Triple 3-input OR gate. 

13 

 F 
>t 

1193161.1 

10 
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H E F4076B 

7 CF 

14 

13

12 

11 

9 

DD

D1

D2 

3 

10 

15 

ED1
MR 

FF1 
to 
FF4 

1 E00

2 E01
 Do-

00

01

02 

03 

7272867. 

3 

4

5 

6 

Quadruple D-type register with 3-state outputs. 

9 N 
ton
7 

t N
2 

15 

14 

13

12 

1 
& 

R 

EN 

10 D v = 
  4 

)2936J6.1 

s 

H E F4077B 

1 
2 

5 
6 

8 
9 

A 
Bt )D

A 3
83 

12 A4
84 13 

04

t2]3901,i 

3 

4 

0 

11 

Quadruple EXCLUSIVE-NOR gate. 
7Z93390.1 

H E F4078B 

2 Io 
3 
4 
5 

9 
10 
11 
12 

I1 

I2 

I 3

I4 

IS 

Is 
17 

0 3 

8-input NOR gate. 

1 
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H E F4085B 

A0 

2 Al 

12 
13 

A 

A3 

10 AL 

5 

6 

B0 

B 

8 

9 

B 

B3 

11 BL 

04

0B 

3 

4 

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

H E F4086B 
i 0 

2 1 

5 2 

1 6 3 ≥1 
2 2 

8 4 5 
& 

5 

9 15 6 6 
6 8 3 3 O 

I6 9 
& 

9 12 

13 12 7 
3 13 

10 I8 10 10 

11N 11 
11 Ig 

7Z73]02.1 

4-wide 2-input AND-OR-INVERT gate. 
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H E F4093B 

1 11 

o1

2 12 T 

9 6 

12 17 ~1 

O2 

3 

4 

8 
9 

O3 10 
12 
13 

O4 

13 18 T1 

7273704.2 

11 

Quadruple 2-input NAND Schmitt trigger. 

& 

& 

& 
11 
if 

& 
if
if

10 

11

H E F4094B 

2 D 

3 cP 

8-STAGE SHIFT 

REGISTER 

Os 10 
c2 

15 
EN3 

O6 9 3 SRG6 
>c1/ —

1 STR 8 BIT STORAGE 2D 3V 

REGISTER 

15 EO 
3-STATE OUTPUTS 

O3 O4 O5 O6 O7

4 15 16 7 14 13 12 11 
7274614.1 

8-stage shift-and-store bus register. 

7Z93856.I 

1 
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H E F4104B 

0 O0 3 

O0 2 

O1

11 2 LEVEL O 2 10 
CONVERTER 

O2 9 

12 O3 13 

O3 14 

15 EO 

]2]45]4.1 

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

H E F4502B 

Strobed hex inverter/buffer. 
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HEF4505B 

1 0 

2 1 

3 2 

5 ST 

6 CE1

9 

CE2 

R/W 

13 IN 

ROW 
DECODER 

READ/ 
WRITE 

CONTROL 

10 OUT 

DATA 
BUFFER 

8x8 MEMORY 
CELL ARRAY 

MULTIPLEXER 

READ/WRITE 
CIRCUIT 

 o —o l 

MULTIPLEXER 

READ WRITE 
CIRCUIT 

COLUMN 
DECODER 

A4 

A 5

A3 

11 

12 

4 

7274630.2 

64-bit, 1-bit per word random 
access read/write memory. 
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HEF4508B 

4 DOA O0A 5 

 LATCH  

1 to 4 

6 1A O1A 7 

B 2A O2A 9 

10 D3A O3A 11 

2 ST 

1 MR A

3 EOA

16 0B O0B 17 

18 18  LATCH  
O1B 19 

20 28 O2B 21 
1 to 4  

22 3B O36 23 

14 ST 

13 MR 

15 EO 

7274505.2 

Dual 4-bit latch. 

14 
15 
13 

Cl 
EN 
R 

16 
1 

r  

17 
18 15 
20 21 

23 

10 V 

H E F4510B 

1 

4 112 113 13 

PL 

15 

5 

10 

9 

CP 

CE 

I PD 1 i I P2 I P3 

PARALLEL LOAD CIRCUITRY 

a 
UP/ON 

MR 
CD

SD /CD

UP/DOWN 

COUNTER 

fO0 1O1 1O2 

6 11 14 2

TC 7 

O3

BCD up/down counter. 

1 

10 

9 

a 
12 

3 

CTR DIV 10 

>126/1,2-

M2 

01 

3 

R 

3D 

1,2 CT • 9 

]Z96916 

a 
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FUNCTIONAL 
DIAGRAMS/ 

J  IEC SYMBOLS 

HEF4511B 

3 

8C0/7000 D 
ITl 

V11ILT] 
6 7 

G10]BI] a10,11 

12 
b 10,11 

5 1 n
C9 c10,11 

0 
90,1 d10,11 

 90,7 e10,11  

 90,0 110,11  
4 

90,8 910,11 

7Z9369a 

BCD to 7-segment latch/decoder/driver. 

HEF4512B 

74 7272870.3 

8-input multiplexer with 3-state output. 
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HEF4514B 

1 

2 
AD

3 
A l

21 
A 2

22 
A 3

EL 

23 E 
 O 

LATCHES 

DECODER 

1O0

1Z93937.I 

9 1 1O0 18 3 104 16 5
O6 O7 1 $8 1O9 1O1101 1111O42 O13 

11 13 
7Z69540.3 

O14 O15 
i6 15 

1 

2  10

? 

9 

9D,1 

3L 

5 9 
1 

9D,2 6 
5 

21 
90,4 

4 

22 9D,8 
8 18 

_ 17 

EN 10 
20 

19 

14 
1 

13 13 

]Z93998 

1-of-16 decoder/demultiplexer with input latches. 
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HEF4515B 

2 13 121 22 

1 EL 

A0 IA7 IA2 A3

23 E 

299938. I 

LATCHES 

 O DECODER 

ci o, IO3 l03 ~O4 ~O5 IO6 ?07 IOB ~O9 I010~011~012 1013 101 4101 5 
11 9 10 8 7 6 5 4 18 17 20 19 14 13 16 15 

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

Z8425 

1 
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H E F4516B 

1 PL 

IP0 4 12 P1 I13 

P2 I 3 

P3 

15 

5 

10 

9 

CP 

CE 

PARALLEL LOAD CIRCUITRY 

Q 
UP/ON 

MR 
CD

SD/CD 

UP/DOWN 

COUNTER 

too O1

11 

O2 O3 

14 2 

TC 7 

6 ]Z 73 71 5.2 

Binary up/down counter. 

CTR4 
15  

'1.24/1,2- 

10  M2 
N 5  

G 1 

9 

3 

3 

R 

1 
D 

1,2C1.15 

1,2CT . 0 

129691) 

14 

2 

HEF4517B 

7 Dq 

4 CPA

3 PE/EOA

O1 64- BIT STATIC SHIFT REGISTER 

CP O16/D17 O32/D33 O48/D49 O64 

9 DB

INPUT/3-STATE -OUTPUT CIRCUITRY 

O64A 

O48A 

O32A 

O16A 

5 

2 

6 

1 

12 CPB

13 PE/EOB

D1 64-BIT STATIC SHIFT REGISTER 

CP O16/D17 O32/D33 O48/D49 O64 

INPUT/3-STATE-OUTPUT CIRCUITRY 

O646 

O488 

O328 

O168 

11 
14 

10 

15 

7274559.1 

Dual 64-bit static shift register. 

SRG 64 
4 OC2l 

_ 1161 
(321 

2D 
I481 
1641 

1 
6 
2 
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IEC SYMBOLS 

HEF4518B 

1 CPOA 
2 CP1A 
7 MRA 
9 CPOB 

10 CP1B 
15 MRB 

OOA 3 01A 4 02A 5 03A 6 
008 11 01B 12 028 13 03B 14 

7Z69556.1 
Dual BCD counter. 

2

9 

100 

CTR DIV 10 

V1 

c 0 
CT 

0 

CTRDIVIO 

V1 

5 CT=O 
r 

1793721 

3 

4 

s 

12 

13 

HEF4519B 

9 SA14 SB

7069528.3 

AO IBO IA1 6 7 4 5 B1 2 I3 I15 I1 A2 62 A3 83
MULTIPLEXER 

INH OUTPUTS 00 01 10 11 02 0312 13 
Quadruple 2-input multiplexer. 

9

14 

6

5 

2 

3 

15 

12

13 

H E F4520B CPOA 
2 CP1A 
MRA 

9 CPOB 10 'IB 
15 MRB 

00A 3 01A 4 02A 5 °3A 6 
008 11 O16 12 02B 3 03B 14 

7Z69556.1 
Dual binary counter. 

CTR4 

(0 

CT 
0 

0174 
s 

1 
V1 

15 C

3 

7293799 

3

4 

5 

13

14 
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HEF4521B 

5 4 2 9 

 4VDD 

2 

S 

D 

0 MR 

CP 

CD
STAGES 1 to8 

CP 

CD
STAGES 9 to 16 

016 

L 

CP 

CD
STAGES 17 to 24 

024 18 019 020 21 022 023 0 

7Z71682.1 1 10 11 12 

24-stage frequency divider. 

13 14 15 7 
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IEC SYMBOLS 

HEF4522B 

6 

4 

10 

3 

PL 

5 11 14 2 
PO

CPO

CP, 

MR 

P1 P2 P3

PARALLEL LOAD 

CIRCUITRY 

13 CF 

CD/SD 
BCD 

CP DOWN 

COUNTER 
CO

03 

02 

01 

00 

1 

15 

9 

7 

ZERO 

DETECTOR 

TC 

7Z74612.2 

12 

Programmable 4-bit BCD down counter. 

H E F4526B 

3 5 11 14 2 

PL PO P1 P2 P3

PARALLEL LOAD 

CIRCUITRY 

6 CPO CD/SD 
BINARY 

CP DOWN 

COUNTER 4 
CD

03 i 
02 15 

10 MR 
01 9 
00 7 

TC 12 ZERO 

13 CF 
DETECTOR 

7Z84109.1 

Programmable 4-bit binary down counter. 
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HEF4527B 

10 12 14 15 2 3 

13 

CTRDIVIO 

CT_o CT=4-4 
CT_9 C T= 2,7— 

CT.9 
7CT= 9 ST R CAS S 

9 CP 
4 PL 

31 

3 1 4 
11 ̂ G7 RATE SELECTOR CT=1,3,6,8— 2 

3 CL =10 1 >7 t[(1 CT#4, 9 — 1 

ip ^ 8 GS COUNTER 
TC 1 

14 64[P11 
1 CE TC 7 15 

1G3[P21 5,6 
2 

~ 5 
162[P41 
G11P81 

rP 
1b 

5 3 
7284386 12 V6 

BCD rate multiplier. 

HE F4528B 
CTCA 

CTC A 

5 BOA 
4 

3 

i 

CDA 

14 

15 

RCTC B 

11 
12 

CTCB 

OB 

3 DB 

OA 6 

OA

OB 10 

OB 9 

7282336.1 

Dual monostable multivibrator. 
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HEF4532B 

enable 

PRIORITY 
ENCODER 

7Z75371.1 

HPRI/BIN 
10  Z70 0.19 
11  1/Z71 1,19 
12  2/212 2,19

i--31213 10-31 
1 41Z14 11-
2 SIZ15 12— 19 
3  6/Z16 13— 

 7/Z17 14-
15— 18 

5 EN19 16— 
~V18 17— 
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IEC SYMBOLS 

H E F4534B 

CPE H PULSE H SHAPER 

CPA - 

MR 

SA _ 

PULSE 
SHAPER 

Cext 2 Cext 1 

TC 7274603.1 

ONE 
SHOT 

ONE 
SHOT 

OUTPUT 
_CONTROL 

CARRY CONTROL 

CARRY CONTROL 

O2

D5 O3 

OER MR70 CPS 

PULSE 
ERROR 

DETECTOR 
CD 

MUX 

Real time 5-decade counter. 

PULSE 
SHAPER 

CD CP 
SCANNER 

1

OS0

OS1

OS2

OS 3

OS4 

O3 
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Real time 5-decade counter. 

FUNCTIONAL 
DIAGRAMS/ 

IEC SYMBOLS 

H E F4534B 

4 
5CTRDIVIO 

Z31V2 

t 
CT_0 
EN6 

6536 

-- G11V4 

2,1(CTr0) 

DIV10 CT 

(CT=0)6V 
(CT=1)6O 
(CT_2)6O 
(CT=3)6O 
(CTr4)6V 
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IEC SYMBOLS 

H E F4538B 

R TC A 
1 

5 
4 

TC A 

'OA 

3 

i 

CD 
14 
15 

RCTC B 

11 
12 

C TC B 

108 

3 D 

OA 6 

A 

OB 10 

OB 9 

7282336.1 

Dual precision monostable multivibrator. 

H E F4539B 

6 5 4 3 114 12 111 112 113 
OA 1A I2 13A ISO IS1 

I10 
106I11B I12B I 13B 

MULTIPLEXER 

E 

OA
7 

MULTIPLEXER 

E 

OB
9 7Z69543.3 

5 

Dual 4-input multiplexer. 

7293121 
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IEC SYMBOLS 

H E F4543B 

BCO/78EG D 
1 

C9 ['r a10 
9 

5 
90,1 610 

10 

3 
9D,2 10 

11 

2 90,4 E10 
12 

4 90,8 e10 
13 

fi
N10 110 

15 

EN 910 
14 

BCD to 7-segment latch/decoder/driver. 

1 
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H E F4555B 

DOA 4 

2 A0A 
O1A 5 

DECODER O2A 6 
3 A1A 

O3A 7 

1 EA
I 

O0B 12 
14 A0B 

O1B 11 

13 A 1B 
DECODER O2B 10 

O3B 9 

15 EB
1 

7Z695442 

Dual 1-of-4 decoder/demultiplexer. 

H E F4556B 

C OA 4 
2 "0 

5 

3 1 
DECODER 

OO1A 

C 2A 6 
O3A 7 

1 EA

p 0B 12 
4 A0

B 11 

13 1 
DECODER 

O O1 

O 2B 10 
o O38 9 

5 

7Z85105 

)290955.1 7296916 

Dual 1-of-4 decoder/demultiplexer. 
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IEC SYMBOLS 

H E F4557B 

9 3 12 13 14 15 1 2 

7 0A

A/B MR L32 16 LB L4 L2 L 

0 10 

Co 

SHIFT REGISTER 

CP 64-BITS 6 uB
0 11 

CP 

4 cP0

7272875.2 

1-to-64 bit variable length shift register. 

H E F4585B 

10 A0 

11 B0 COMP 
7 Al 

10 PO 
as 11 

9 B1 7 0A>B 13 P1 

2 A2 

OA=B 3 

9 01 
P2 
02 
P3 
03 

P<0 
P=a 
P>0 

1 
2 

1 B2 1 
13 

15 A3 
15 
14 

14 B3 5 OA<B 12 G 
6 

4 A>B 4 
5 A<B 

6 IA =B

7Z72885 2 

Obit magnitude comparator. 

1 
I January 1995 71 



FUNCTIONAL 
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IEC SYMBOLS 

HEF4720B; V 

5 

1 A O
VDU 

2 A, X 
INPUT 

BUFFERS 

X 
DECODER 

16 x 16 
MATRIX 3 AZ

6 A3 

7 A4

Y Y 9 A5

10 As INPUT 
BUFFERS 

DECODER 
READ/ 
WRITE 

O 13 

11 A7

CIRCUIT 
OUTPUT 

BUFFER 

15 
INPUT CHIP 

O 14 

12 D BUFFER SELECT 

0 
CS Vss 
16 6 .zscees.~ 

256-bit, 1-bit per word RAM. 
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J  IEC SYMBOLS 

HEF4731B; V 

9 DA

10 

12 

CPA
 O 

DB

64-BIT 
STATIC SHIFT 

REGISTER 

D63A 11 

13 

6 

CPB
 0 

DC

64-BIT 
STATIC SHIFT 

REGISTER 

D63B B 

S 

4 

CPC
 O 

DD

64-BIT 
STATIC SHIFT 

REGISTER 

D63C 1 

3 CPD
 O 

64-BIT 
STATIC SHIFT 

REGISTER 

°63D 2 

7Z74633 

Quadruple 64-bit static shift register. 

9 
10 

12 
13 

SRG64I n10 
>C1h 

SRG64 
D 6 

C 11-+ 

5 SRG64 
i_ i

1D 
 Cl'-. 

4 
3 

SRG64 
10 
>C1/-. 

CTRDIV20000 
1 

aol 
4 4 

ngoa 
88 

10 1 
2021 
4U 4 

110.1Cr 

808J 1 

CI 1001 [Tp Z 
3 00021

1142CT
004 9 

800 T 
100011 
2000 zl 
42004 

1143[1 

8000 B 
10000O119l41516171CT.0 
10000- 110.141516171Cr_1 

10Cr_00099 
10Cr_XX 999 
1000,X9999 

Cr_1XXXX 

1 
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IEC SYMBOLS 

H E F4750V 

114 128 

REFERENCE 
OSCILLATOR 
& BUFFER 

OSC 

+1, 2, 10 
or 100 

PROGRAMMING 
LOGIC 

STAL NS0 

23 22 21 

crystal standa d 

VSS 

+1101024 

PROGRAMMING 
LOGIC 

NS1 AO

24 
10 12 15 17 19 

VDD 

A9 •OUT 

4 

PHASE 
COMPARATOR 

PC2 

H 

y 

P - MOS 
SWITCH PC2 9 
N —MOO 
SWITCH 

11 13 16 18 20 
/ 

T 
programming inputs 
reference divider 

23 

1~

10 

11 

12 

13 

15 

16 

17 

18 

19 

~6

26 

PHASE 

MODULATOR 

R ~V 

25 1 

CTRDIVm 

1 

DX 
0-1 

o 1-2 
3 2-10 I m Z11-

3. 100 
—11. 

 0 

9 

CTRDIVm 

1_n_ @ 
fr1PCOMP2 

Lb o~ftf1V/Z12 

TCB IMOD 
3 27 

PHASE COMPARATOR 
 . (SAMPLE & HOLD TYPEI 

PCl y 

STB 

2 

VDD 

 Y 
1 ZBx<]3 

TRA 

6 

TCA TCC 

7 

26

3 >v C flfl<f2f2
27 5  T-fful  f1f1>f2f2~ 

9

1 f1<f21fl>f2  
2f2R 

-12 
2 SIB 

¢ —1r IRA 

5 M TCA 

7 , TCC 

~COMP1 
ft f2 

Frequency synthesizer. 

external circuitry 

8 

1 
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IEC SYMBOLS 

H E F4751 V 

16 

4 13 2 1 15 11 10 9 8 7 6 5 13 12 

0 

2 A3 SI 0 

i 

17 1 

18 2 

19 B3

20 IN 

SUBTRACTOR 

C 

0 0 
CARRY FF 

ub I 

/4 r 

2 I
J 

PROGRAMME DECODER 

d 1 d2 d3 d4 d5 d6

d6

PC PE 

PROGRAMME 

COUNTER 

load 
Pulses 

d6

Jr JB0 B 2 

21 OSY 

4 OFB 

LATCH 

COb

PRESCALER 

+1 2 5 10/11 1 

J

LATCH 

n ms 

Cl 

-nms/ nms+

RS 
switches 

—p--

C2 

=10 

LATCH 

M 

C3 

=M 

LATCH 

H 

C4 

=H 

OFS 25 

OFF 2 

RS4 
LATCH 

I 514 

1 d 

1 ♦ 4

3 OFB2

RS3 

LATCH 
RS2 I n2

2 OFB 
951 

ADD ASS 

LATCH 
n 1

4 

d 1 0 

RSO 

LATCH 
n0

4 —

B1

d6~ 

RSH 

LATCH 
n h

RI 26 

128 114 

Universal divider. 

7Z84471 
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H E F4751 V 

UNIV DIV 
HEF4751V 

PEN FS 
27 PCLK FF 

26 22 RI 
20 23 IN FB 

24 SI [BORROW] 
4 n 

3 
- 21 0 SY 

3 n 1 0 
2 n DATA A 10 
1 n 3 9 
16 N. 8 0 OD 
17 7 

18 IDATA B~ 6 

19 3 6 

Universal divider. 

H E F4753B 

9 118 

7 CF 

14 IN 

16:1 

13 

12 

LFC 

Y 
L. 

11 Z 

PREDIVIDEAS 

16:1 

16: 1 

16: 1 

256.1 4096: 1 

MULTIPLEXER 

SS DD 

W 16 

SYNCHRONIZATION 
AND 

EDGE-DETECTION 

EVENT 
FLIP 
FLOPS 

MODE SWITCH 
OUTPUT MULTIPLEXER 

OUT 

8-BIT 
PROGRAMMABLE 

COUNTER 

A B C D E F G H 

X 

10 1 

Universal timer module. 

2 3 4 5 6 7 8 
7083573 

15 
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H E F4754V 

27 Vref max 

I R1 

1 

-D 
R1 

R1 

26 Vref min 

25 Vc 

VDD 

ii
i 

} 

Vosc 

T 

VSS 
4 1 

3 12

2 13

OSCILLATOR 

MODE 

SELECTOR 

LATCH 
AND 

DIVIDER 
CIRCUITRY 

CP 

O1 6 

O2 7 

O3 8 

O4 9 

O5 10 

O6 11 

O7 12 

O8 13 

O9 14 

10 15 

011 16 

O12 17 

O13 18 

O14 19 

15 20 

O16 21 

O17 22 

O18 23 

OR 24 

18-element bargraph LCD driver. 

Ra 5217 

78 January 1995 



FUNCTIONAL 
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H E F4755 V 

1 
MI 

I 

i 

CONTROL 
& 

STATUS 
REGISTER 

(1) 

BIT CHECK 

(1) 
START 
CODE 

RECOGNITION 

TTD, TT1 

RX, TR, AS 

START, l 3 
CLK, R f 
BUSY, 4 
DP, ERR 

HD 

MLO, ML1 

SHIFT 
REGISTER 

FOR 

REDUNDANCY 
BYTE 

DIOO /1 

7 ► 

to to 
(mil D107 

FORMAT CALCULATOR 
PROTECTION & 

1) START & CHECKER 

CODE CHECKING 

VDD —

vSS —

GENERATOR 

MO 
TST — 

MOS 

7284766 

(1) Only used in the asynchronous mode. 
Transceiver for serial data communication. 

HEF4794B 

2 

15 

D 
CF 

STR

ED 

8-STAGE SHIFT 

REGISTER 

8-BIT STORAGE 

REGISTER 

OPEN DRAIN OUTPUTS 

DolDll82IO3 
044103 102 11 

07

OS. 

OS

10 

9 

8-stage shift-and-store register LED driver. 
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IEC SYMBOLS 

HEF4894B 

2 

3 

19 

D 
2.. 

12-STAGE SHIFT 
CF

REGISTER 

O8 

STR 12-BIT STORAGE 

REGISTER 

EO OPEN DRAIN OUTPUTS 

00 01 02 03 04 05 06 07 08 09 010 0 11 

4 1 5 1 6 1 7 18 1 9 118 117 116 115 114 113 

12-stage shift-and-store register. 

2 

II 

HEF4938B CTCA 

1 

5 

4 

TC A 

'OA 

3 

1A 

CDA 

14 RC TC B 

15 

1 

12 

i 

CTCB 

0B 

13 D 

oA 6 

OA

OB 0 

7282336.1 

Dual precision monstabe multivibrator. 

93890. ~ 
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H EF40097B 

2 1 

4 ~2 

6 ~3 

10 '4 

0 1

1
~

1 

R
0 3

04

1 E04 

14 5 05 

T

12 16 

15 E0 2 

06

 DoJ 
7Z75394. 

3 

5 to 
EN 

1 I-

V  3

4 5 

9 
10 

t5^
EN 

1 I-
13 

12 11 

14 13 

11 ]Z936]6 

3-state hex non-inverting buffer. 
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H E F40106B 

1 11 I o O1 2 

3 12 OO2 4 

5 I3 ~ O3 6 

9 14  

--  
O4 8 

11 151 _\\_ 
1O5 10 

13 I6 ~ O6 12 

7 Z 74609.1 

Hex Schmitt trigger. 

' H

' H

' H 

' H

' H 

' H

7293647.1 

H EF40160B 

4 s 6 

> tiPO P1 P 
R 

CTFDIV IO 

9 
M1 

9 FE - G3 
PARALLEL LOAD CIRCUITRY 0 

G4 
O 

2 
C211.3,4+ 

10 CET 1 
J 

1,2D 
14 

7 CEP 13 

INH TC 15 12 2 CF 
CF DECADE COUNTER 
CD

1 MR 
O 

O0 O1 O2 O3 OCT 9 
15

14 13 12 11 7Z75109.2 

4-bit synchronous decade counter 
with asynchronous reset. 

)293610 
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H E F40161 B 
5 6 

1 

9 

TR4 

9 PE d 
7 03 

PARALLEL LOAD CIRCUITRY 10 
04 

C2/1,3,4* 

10 CET 1 
3 

1,20 

7 CEP 4 

D 
2 CP 

INH TC 15 5 

CP BINARY COUNTER 

CD 1 MR 
a 

1O0 

1O1 1O2 

1O3
14 13 12 11 7Z86115 

4CT-15 

4-bit synchronous binary counter with asynchronous reset. 

z9381 

4 

13 

12 

15 

H E F40162B 

9 

4 6 

1^

9 

7 

1 
PE 

P CTRDIVIO 
fl

1 

03 
PARALLEL LOAD CIRCUITRY 

G4 

i 
O 

SR  7 C2/1.3,4+ 

10 CET 

 0 
14

7 CEP 
TC 

4 

15 5 

13 

12 
D 

INH 
CP DECADE COUNTER 2 CP 

11 

DD O1 1O2 O 4CT-9 
15 

0293812 
14 13 12 11 72)5110.2 

4-bit synchronous decade counter with synchronous reset. 

H EF40163B 
4 6 

9 PE 
O PARALLEL LOAD CIRCUITRY 

a 
1 SR 

10 CET 

7 CEP 

2 CP 
CP BINARY COUNTER 

O0 1O1 1O2 1O3 

14 13 12 11 

3TC

7Z85116 

15 

TR4 

9 

7 
03 

10 04 
z 

C2/1,3,4+ 

3 

4 

4-bit synchronous binary counter with synchronous reset. 

1
1 20 

4CT-15 

293913 

14 

13 

12 

s 

(January 1995 83 



FUNCTIONAL 
DIAGRAMS/ 

IEC SYMBOLS 

HEF40174B 

9 CP 

3 4 6 11 13 14 

L L L L 
DO ID2 103 D4 05

D 
CP 

0 
FF 

CD I
FF 2 

FF 3 FF 4 

f
FF 5 

FF 6 

1 MR 00 0 03 04 05
7Z73706.2 2 5 10 

Hex D-type flip-flop. 

12 15 

9 

1^

3 

4 

6 

>C1 

R 

0 

]283658 

2 

5 

7 

10 

12 

15 

H E F40175B 

9 CP 

4 
D0

D 0-
CP FF 1 

0 -CD

tf. 
FF 2 

12 
02

FF 3 

13 
03

FF 4 

1 MR 
7273708.2 

00

3 
u0

2 
0 01 0 0 3 

6 7 11 10 

Quadruple D-type flip-flop. 

14 15 ]Z93243 
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HEF40194B 

9 s0
IDSR 2 3 PD4 5 6 7 Pi P2 P3 IDSL 

10 S1
11 CP 

CONTROL LOGIC 

1 MR 
o 

D0 O0FF1 to FF4 
O0

7Z74252.2 15 O O2 1O3 14 13 12 
4-bit bidirectional universal shift register. 

SRG4 
1 

> C4/1 - /2.--

 01 .. 0 
10 

t, 

 R 

r 

2 40 5 

 3,40 

4 
3,40 

 3,4D 
13

 4D 2 

 2,40 

]Z931]9.1 
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H EF40244B 

Octal buffers with 3-state outputs. 

2 Al 

4 A 

D
D OA2 

OA1 

6 A3 D °A3 

8 IA4 OA4 

1 
EOq 

11 'B1 

13 1B2 

D
15 B3 

17 B4 

19 60 

B1 

OB2 

B3 

°B4 

7Z83599. 

18 

16 
1 N EN

r 

14 x ' v '6 

4 16 

8 
12 

14 

8 12 

181, EN 
9 1 r 

11 D V 9 

13 7 
15 5 

17 

5 nano 

3 

Octal buffers with 3-state outputs. 
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IEC SYMBOLS 

H E F40245B 

7Z83581 

Octal bus transceiver with 
3-state outputs. 

7Z8)848 
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IEC SYMBOLS 

HEF40373B 

3 DO OD 2 t o EN 

4 D1 O1 5 11 

7 D2 O2 6 
Cl 

1-
8 D3 O3 9 

3 1D D v 2 

LATCH 3-STATE 4 s 
13 O4 

1 to 8 OUTPUTS 
O4 12 

7 s 
14 D5 O5 15 

e s 
17 D6 O6 16 

18 D7 O7 19 
13 12 

14 15 

11 E 17 16 

1 EO 18 19 

]283351 
7283575 

Octal transparent latch with 3-state outputs. 

HEF40374B 

3 DD O0 2 1 EN 

4 D1 O1 5 /1 
>c1 

1 I-7 O2 O2 6 

8 D3 O3 9 
10 D v 2 

FF1 3-STATE 5 

13 D4 to OUTPUTS O4 12 s 
14 D5 O5 15 

FF8 

17 O6 O6 16 
9 

12 

18 O7 O7 

13 

19 14 15 

11 CP 17 16 1 
1 EO 

18 19 

]Z99967.1 

7283577 

Octal D-type flip-flop with 3-state outputs. 
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SUMMARY 

 J  
SUMMARY OF IEC SYMBOLOGY 

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

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

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

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

outline general 
qualifying symbol 

qualifying symbols 

input lines I output Lines 

7Z22210 

Fig. 1 Symbol composition. 

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

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

i r 

/ common control block 

/1222?? 

Fig. 2 Common-control block. 

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

QUALIFYING-SYMBOLS 

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

Table 1 Oualifying-symbols - General 

qualifying-
symbol definition 

& 

3m 

31 

=m 

=1 

> n/2 

2k 

2k+1 

1 

> or< 

X/Y 

MUX 

DX 

MUXDX 

E 

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

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

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

m and only m element; if 
m inputs are at internal logic "1" then the 
output is at internal logic "1" 

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

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

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

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

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

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

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

Bi-threshold detector. Schmitt-trigger 

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

Multiplexer/data selector 

Demultiplexer 

Bidirectional selector. MDX may be used as 
an alternative symbol 

Adder 

qualifying-
symbol definition 

P-Q 

CPG 

n 

COMP 

ALU 

n 

in 

C 

J-  U 

I G
I

J n U 

Cl 
I 

J n U 

SGRm 

CTRr 

CTRDIVm 

ROMm1xm2 

PROMm1xm2 

RAMm1xm2 

CAMm1xm2 

FIFOm1xm2 

l=0 

1=1 

NV 

Subtractor 

Look-ahead carry generator 

Multiplier 

Comparator 

Arithmetic logic unit 

Retriggerable monostable element 

Non-retriggerable monostable element 

Astable element 

Synchronous-starting astable element 

Synchronous-stopping astable element 

Shift register. "m" = number of bits 

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

Counter with cycle length m 

Reed only memory 

Programmable read only 
memory 

Random access memory 

Associative memory 

First-in/first-out memory 

m 1 is the 
number of 
words 

m2 is the 
number of 
bits per 
word 

Initial logic "0" state. When power is 
switched ON, the element goes to internal 
logic "0" 

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

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

1 (Janua 1995 91 



SUMMARY 

Table 2 Qualifying-symbols - Inputs and Outputs 

qualifying-
symbol definition 

Very complicated element. Depicted by 
a'grey box' symbol. Within the 'grey box' 
outline, the 4 qualifying-symbol is 
accompanied by a further qualifying 
expression, e.g. ERR - for error detector 
or reference to supporting documentation, 
e.g. type number 

Qualifying-symbols for inputs and outputs 
Referring to Table 2, qualifying-symbols for inputs and outputs, 
the logic negation indicator is used in pure logic diagrams to 
indicate that an external logic "0" ("1") produces an internal 
logic "1" ("0") at the input, or that an internal logic "1" ("0") 
produces an external logic "0" ("1") at the output. 

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

— an input or output with polarity indicator indicates that the 
logic level "L" (LOW) corresponds to an internal logic "1". 

— an input or output without polarity indicator indicates that 
the logic level "H" (HIGH) correspondsto an internal logic "1". 

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

qualifying-
symbol definition of input or output 

(a) 

(b) 

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

logic "1" ("0") 

--

~- - 

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

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

--t Polarity indicator at an output. An internal 
J`  logic "1" ("0") at an output produces a 

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

-1  Polarity indicator Stan input where the 
signal flow is from right to left 

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

1 
Indicator for direction of signal flow: 
(a) from right to left; 
(b) from bottom to top. 
With no indication of direction, flow is 
left to right or top to bottom 

Bidirectional information flow (alternate) 

x - Non-logic connection 

fl
r
- Input foranalog signals 

# - Input for digital signals (used only to avoid 
__ confusion) 

7Z22225 
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Symbols inside the outline 

Table 3 shows some of the symbols used within the symbol-
outlines. Other symbols used in this handbook but not shown 
here are self-explanatory. Generally these are associated with 
arithmetic operations but all are in accordance with the IEC 
system. When non-standard information is shown inside a 
symbol-outline, it is enclosed in square brackets. 

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

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

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

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

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

Table 3 Symbols inside the outline 

symbol inside 
outline explanation 

— E 

Q~ 

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

Comma. Separator with no logic 
significance 

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

Si-threshold input. Input with hysteresis 

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

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

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

7Z22226 

(Janua 1995 93 



SUMMARY 

QUALIFYING-SYMBOLS (continued) 

Table 3 Symbols inside the outline (continued) 

symbol inside 
outline explanation 

~EN 

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

Three-state output 

Enable input. When at internal logic "1 
all outputs are enabled. When at internal 
logic "0": open outputs are OFF; 
three-state outputs retain their normal, 
defined internal logic state but give an 
external high-impedance state; all other 
outputs are at internal logic "0" 

R, S. C, T Control inputs of bistable elements 

J, K, R, S, 0 Information inputs of bistable elements 

—4m 

—{ m 

Shift input. An internal logic "1" causes 
information contained in the element to be 
shifted m positions. The direction of shift is 
to the right or down when the arrow points 
to the right, or to the left or up when the 
arrow points to the left. The number may 
be omitted when "m" = 1 

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

Bit grouping symbol. "m" is the highest 
power of 2 in the group. The asterisk shall 
be replaced by an appropriate indication of 
the operand, either the dependency notation 
or CT 

Content input. The internal logic "1" sets 
the element to the value "m" 

Content output. "v" is the value of the 
element that sets the output to an internal 
logic "1" 
leg. CT = 0, CT 3 5, CT # 4...91 

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

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

7222226 

symbol inside 
outline explanation 

a...g 

--[E 

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

Seven segments of a display element 

Extension input. Input intended for 
connection to an extender output 

E1— Extender output. Output to an extension 
input 

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

--[Om 
Operand input. See Pm 

'Less-than' input of a magnitude comparator 

{ Greater-than' input of a magnitude 
-_ comparator 

—41

--{BI 

'Equal' input of a magnitude comparator 

"- 'Borrow-in' input of an arithmetic element 

Borrow-generate' input of an arithmetic BG element 

BG]— 'Borrow-generate' output of an arithmetic 
element 

BO) — element 
'Borrow output of an arithmetic 

—BP 
'Borrow-propagate' input of an arithmetic 
element 

7Z22226 
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symbol inside 
outline explanation 

BP~ 

—ft 

-CG 

CG] 

C0~ 

-CP 

n 

E 

P-Q 

I.'. 

rpm 

x [CX 

RX 

'Borrow-propagate' output of an 
arithmetic element 

'Carry-in' input of an arithmetic element 

'Carry-generate' input of an arithmetic 
element 

'Carry-generate' output of an 
arithmetic element 

'Carry-generate' output of an 
arithmetic element 

'Carry-propagate' input of an arithmetic 
element 

'Carry-propagate' output of an 
arithmetic element 

Result of a multiplication 

Result of an addition 

Result of a subtraction 

Added information 

Clock phase. "m" is the clock phase 
number 

Connection for external capacitorls). 

Connection for external resistor(s). 

7222227 

symbol inside 
outline explanation 

x m F 

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

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

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

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

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

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

Internal (virtual) input. This input is 
always at internal logic "1" state unless 
it is affected by a dependency notation 

Internal (virtual) output. The effect on the 
internal input connected to this output 
must be indicated by dependency notation 

7222227 

Internal transmission path. Internal logic 
"1" enables internal transmission path. 
Internal logic "0" disabled internal 
transmission path 
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DEPENDENCY NOTATION 

General conventions of dependency notation 

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

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

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

The general rules applied to dependency notation are: 

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

— each input or output affected by that affecting input (or 
output) is labelled with that same number. 

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

n 

7Z222t4 

Fig. 4 ORed affecting inputs. 

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

01 
02 
1,2 

7222214 

Fig. 5 Input affected by more than one input. 

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

a oco a 
h  1 = c 
c Goc h 

& 0 

  1 

7Z22213 

Fig. 6 Substitution for numbers. 

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

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

G•dependency 
The traditional method of showing an AND relationship was to 
use an explicit drawing of an AND gate with the signals connected 
to the inputs of the gate. With IEC symbology (see Fig. 7), 
input "b" and input "a" are AN Dad together and the complement 
of "b" is ANDed with "c". The letter G has been chosen to 
indicate AND relationships and is placed at input "b", within 
the outline. A number considered appropriate by the designer 
(1 has been used here) is placed after the letter G and also at 
each affected input. Note the bar over the 1 at input "c". 
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In Fig. 8,output "b" affects input "a" with an AND relationship. 
The lower example shows it is the internal logic state of "b 
unaffected by the negation sign, that is ANDed. 

Fig. 7 G-dependency between inputs. 

a—~1— G1f—b & b 

1 ~-b 

7Z22214 

Fig. 8 G-dependency between outputs and inputs. 

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

Fig. 9 G-dependency with a dynamic input. 

V1 a _ 
1 b = 

To summarize G-dependency using input G and allotted number 
m: when a Gm-input (Gm-output) is at internal logic "1", all 
inputs and outputs affected by Gm will be at their normally 
defined internal logic states. When the Gm-input (Gm-output) 
is at internal logic "0", all inputs and outputs affected will be 
at internal logic "0". 

V-dependency 

When a Vm-input (Vm-output) is at internal logic "1", all inputs 
and outputs affected by Vm will be at internal logic "1". When 
the Vm-input (Vm-output) is at internal logic "0", all inputs and 
outputs affected by Vm will be at their normally defined internal 
logic states (see Fig. 101. 

a 

7Z22213 

Fig. 10 V-dependency. 

N-dependency 

Each input or output affected by an Nm-input (or output) is 
EXCLUSIVE-ORed with the Nm-input (or output) (see Fig. 111. 

 b _ a N7 —1 C _ 

Fig. 11 N-dependency. 

=1 

7Z22213 

When an Nm-input (Nm-output) is at internal logic "1", the 
internal logic state of each input and each output affected by 
Nm will be complemented. When an Nm-input (Nm-output) is 
at internal logic "0", all inputs and outputs affected by Nm will 
be at their normally defined internal logic states. 
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DEPENDENCY NOTATION (continued) 

Z-dependency 

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

All inputs or outputs affected by a Zm-input (or output) will 
take on the same internal logic state as the Zm-input (or output(, 
unless modified by additional dependency notation (see Fig. 121. 

C-dependency 

Control inputs enable or disable the data (D, J, K, R or S) inputs 
of storage elements (see Fig. 131. 

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

EN-dependency 

An ENm-input has the same effect on outputs as an EN-input 
(see Table 11 but it affects both inputs and outputs that have 
the identifying number "m", whereas an EN-input affects all 
outputs and no inputs. 

The effect of an ENm-input on an affected input is identical to 
that of a Cm-input (see Fig. 141. 

a 1 + 

d 

Fig. 14 EN-dependency. 

a 

0 
1 

d 

c 
d 

98 January 1995 



IEC symbology SUMMARY 

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

When an ENm-input is at internal logic "0": inputs and outputs 
affected by ENm are disabled; open outputs are turned OFF; 
passive pull-up outputs will be high-impedance "L" level; passive 
pulll-down outputs will be high-impedance "H" level; 3-state 
outputs will have their normally defined internal logic states 
but externally exhibit high-impedance; and all other inputs 
(e.g., totem-pole outputs) will be at internal logic "0". 

S and R-dependencies 

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

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

When an Am-input is at internal logic "1", outputs affected by 
the Am-input will react, regardless of the state of an S-input, as 
they would normally react to the combination 5=0, R=1 (see 
Fig. 15c). 

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

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

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

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

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

When an Mm-input (Mm-output) is at internal logic "0", the 
inputs affected by this Mm-input (Mm-output) will be disabled. 
When an affecting input has several sets of labels separated by 
solidi (e.g., C4/2-'/3+), any set in which the identifying number 
of the Mm-input (Mm-output) appears has no effect and is to be 
ignored. This represents the disabling of some of the functions 
of a multi-function input. 

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

b 

d 
e 

2.4D 
1.40 

4D 

All operations are synchronous. 

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

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

Mode 2 (b=0, c=1): 
Shifting down and serial loading takes place 
through input "d". 

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

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

M-dependency affecting outputs 

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

When an Mm-input (Mm-output) is at internal logic "0", the 
affected outputs will be disabled. When an input or output has 
several different sets of labels separated by solidi (e.g., 2,4/3,5), 
any set in which the identifying number of the Mm-input 
(Mm-output) appears is to be ignored. 

a M1 
b IC2 11 d 
C 20 

7222218 

Model (a=1): 
The delayed output symbol is effective only in 
mode 1 and therefore the device functions as a 
pulse-triggered 0-element. 

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

Fig. 17 Flip-flop type determined by mode. 

a )M1 1CT=9I b 

i 

r
I 
i 

7Z22218 

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

Mode 2 (a=0): 
Since output "b" is located in the common-
control block with no defined function outside 
of mode 1, this output will be an internal logic 
"0" when input "a" is an internal logic "0", 
regardless of the register content. 

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

a IM1 1CT-15I I b 
TCT= 0 

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

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

Fig, 19 Determining an output's function. 

b 
c 
d 

(2/314  e 
0,4  f 

2,4/3,5  g 

7Z22218 

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

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

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

Mode 2 (a=0, b=1): 
The outputs "e" and "g" are affected in this mode. 
They are also affected by input "c" (N4) which 
means that the internal logic state of the output 
will be negated at N4=1. Output "f" is affected 
since MO stands at its internal "0" state. 
In addition, output "f" is affected by input "c" 
(N4). 

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

Fig. 20 Dependent relationships affected by mode. 
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A-dependency 

Using address-dependency gives a clear representation of elements, 
particularly memories, that use address control inputs to select 
sections of a multi-dimensional array. Such a section of a memory 
array is usually called a word. Address-dependency allows a 
symbolic representation of an entire array. An array input at a 
particular element of a general section is common to the 
corresponding elements of all selected sections of the array. 
An array output at a particular element of a general section is the 
result of ORing the outputs of the corresponding elements of 
selected sections. If the label of an array output at a particular 
element of a general section indicates that this output is an 
open-circuit or a 3-state output, then this indication refers to the 
output of the array and not to those of the sections of the array. 

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

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

Figure 21 shows a 3-word x 2-bit memory having a separate 
address line for each word; EN-dependency is used to explain the 
operation. To select word 1, input "a" is forced to logic "1", 
entering mode 1. Data can now be clocked into the inputs 
marked "1,4D". Data cannot be clocked into the inputs marked 
"2,4D" and "3,4D" unless words 2 and 3 are selected. The 
outputs will be the OR function of the selected outputs, i.e. only 
those enabled by the active EN functions. 

The identifying numbers of affecting inputs correspond to the 
addresses of the sections selected by these inputs. They need not 
necessarily differfrom thoseof other affecting dependency-inputs 
(e.g., G, V, N, ..1, because in the general section represented by 
the symbol they are replaced by the letter "A". 

If there are several sets of affecting "Am" inputs for the purpose 
of independent and possibly simultaneous access to sections of 
the array, then the letter "A" is modified to 1A, 2A, ... These 
sets of "A" inputs may have the same identifying numbers. 

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

RAM 16x4 
0 

A O 
15 

3 
EN 
[1 
-t r 

-410 AV -

7Z22220 
Fig. 22 Array of 15 sections of four transparent latches 
with 3-state outputs comprising a 16-word x 4-bit 
random-access memory. 

X-dependency 

When a Xm-input (Xm-output) is at internal logic "1", 
transmission paths will be established between the affected 
inputs and outputs. Transmission paths between an output 
(input) affected by more than one Xm-input (Xm-output) will 
be established when all affecting Xm-inputs (Xm-outputs) are 
at internal logic "1". All inputs and outputs affected by Xm will 
be at their normal analog signal or internal logic state unless 
otherwise specified by an additional notation, e.g. dependency 
notation. When a Xm-input (Xm-output) is at internal logic "0" 
or modified to have no effect on the function of the element, 
then transmission paths will not exist. 
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DEPENDENCY NOTATION (continued) 

X-dependency(continued) 

1121208 

1/2 

5 — 

xl 

X2 
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X1 

X2 
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X5 

—I r 
1,2/1,3,5/1,3,4 

4,5/1,3,4/2,3,4 

2,3,5/2,3,4/1,2 

2,3,5/1,3,5/4,5 

Fig. 23 X-dependency. 

xt 

02 

—t"~o- -T —
` I 

x1 

X2 1 2 

- X1 

- X2 

- x3 

- X4 

— x5 
1 2 

♦do- t  ✓o-

1222209 

102 January 1995 I I 



IEC symbology SUMMARY 

Table 4 Summary of dependency notation 

type of letter- affecting input at affecting input at 
dependency symbol* logic "1" logic "0" 

address A permits action prevents action 
(address selected) (address not 

selected) 

control C permits action prevents action 

enable EN permits action prevents action of 
affected inputs; 
imposes external 
high impedance on 
open circuit and 
3-state outputs 
(internal logic state 
of 3-state output 
is unaffected); 
$ outputs high 
impedance "H" 
level; $ outputs 
high impedance 
"L" level; other 
outputs at internal 
"0" state 

AND 0 permits action imposes "0" state 

mode M permits action prevents action 
(mode selected) (mode not selected) 

negate N complements no effect 
(EXCLUSIVE- state 
OR) 

reset 

set 

R affected output no effect 
reacts as it would 
to S = "0", R="1" 

S affected output no effect 
reacts as it would 
toS="1",R="0" 

OR V imposes "1" state permits action 

inter- Z imposes "1" state imposes "0" state 
connection 

transmission X permits action permits actions 
path 

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

BISTABLE ELEMENTS 
The dynamic input symbol, the delayed output symbol and 
dependency notation allow the four main types of bistable 
elements to be shown and make synchronous and asynchronous 
inputs easily recognizable (see Fig. 24). A fifth type of bistable, 
the direct acting "SR" element, is mentioned in 'S and 
R-dependencies'. 

 J 

la) 

r-----

~~m 
i I 

Ibl 

I i 

~ Cm , H —
I I 

Icl 

(dl 

7Z22219 

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

Fig. 24 Four types of bistable circuits: (a) latch; 
(b) edge-triggered; (c) pulse-triggered; (d) data-lock-out. 

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

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

CODERS 
The general symbol for a coder or code-converter is shown in 
Fig. 25. The labels "X" and "Y" may be replaced by appropriate 
indications of the code that is used to represent the information 
at the respective inouts and outputs. 

X /Y 

Fig. 25 Coder general symbol. 

Indication of code conversion is based on the following rule: 

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

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

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

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

Labelling each output with a list of numbers representing those 
internal values that force that output to an internal logic "1". 
The numbers are separated by solidi (see Fig. 26). This labelling 
may also be applied when "Y" is replaced by a letter denoting 
a type of dependency (see 'Use of a coder to produce affecting 
inputs'(. If a continuous range of internal values produces the 
internal logic "1" at an output, this is indicated by the numbers 
that begin and end the range, separated by three dots, e.g. 
"4...9" equals "4/5/6/7/8/9"; or by replacing "Y" with an 
appropriate indication of the output code and labelling the 
outputs with characters that refer to this code (see Fig. 27). 

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

b 

X/Y 
1/4 
2/3 
3/4 

7 

TRUTH TABLE 

inputs outputs 

c b a g f e d 

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

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

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

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

Fig. 26 An X/Y code converter. 

X/OCT 
1  d 
2 e 

a-1 3-f 
b-2 4-g 
C-4 5-h 

6 i 

TRUTH TABLE 

inputs outputs 

c b a j i h g f e d 

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

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

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

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

Fig. 27 An X/octal code converter. 
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USE OF A CODER TO PRODUCE AFFECTING INPUTS 
It often occurs that a set of affecting inputs for dependency 
notation is produced by decoding the signals on certain inputs to 
an element. In such a case the symbols for a coder can be used 
as an embedded symbol (see Fig. 28). 

1 
2 

X/Y 
0-01 
1-02 
2—V4 

2/3—NS 
C3 

Fig. 28 Producing various types of dependencies. 

If all affecting inputs produced by a coder are the same type 
and their identifying numbers correspond with the numbers 
shown at the coder outputs, "Y" (in the qualifying symbol X/Y) 
may be replaced by the letter denoting the type of dependency. 
In this case, affecting input indications should be omitted (see 
Fig. 29). 

X/M 
1 ~ 
2 

X/Y 
1 0—MO 

1—M1 
2—M2 

Fig. 29 Producing one type of dependency. 

USE OF BIT-GROUPING TO PRODUCE AFFECTING 
INPUTS 

If all affecting inputs produced by a coder are the same type and 
have consecutive identifying numbers (not necessarily 
corresponding to the numbers that would have been shown at 
the outputs of the coder) the bit-grouping symbol can be used 
(see Table 1). Effectively, "k" external lines generate 2k internal 
inputs. The bracket precedes the letter denoting the type of 
dependency which is followed by " /mz. The "m1" is then 
replaced by the smallest identifying number and "m2" by the 
largest (see Fig. 30). 

0 

2 

XIY 

4-A4 
5-At 
6-A6 
7-A7 

XIY 
0-05 

1 1-06 
2 2-07 

4-08 

>zzzzzz 

Fig. 30 Use of the bit-grouping symbol. 

SEQUENCE OF INPUT LABELS 

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

If an input has several functions or has several different sets of 
affecting inputs, depending on the mode of action, the input 
may be shown as often as required. However, there are cases in 
which this method of representation is undesirable. In these 
cases, the input may be shown once with the different sets of 
labels separated by solidi (see Fig. 31). No meaning is attached 
to the order of these sets of labels. If one of the functions of 
an input is as an unlabelled input to an element, a solidus will 
precede the first set of labels. 
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SUMMARY 

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

Labels may be factorized using algebraic techniques (see Fig. 32(. 

X1,2,3,4(5+/6-1 

10/20 

1,2,3,4,5+11,23,4,6-

7Z22223 

Fig. 32 Factorizing input labels. 

When at latched inputs the algebraic factorizing technique is 
combined with the use of the bit-grouping symbol, the indication 
"m D" may be placed behind the bit-grouping symbol provided 
that the proper order of all the other labels is maintained (see 
Fig. 331. 

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

a CB a CB 
C8 

6 10~ 
C BO,A 

b 
c 

800 
A 

= 
80 0 

C 80 

d 2  aD2. 80 2 d 

1222222 

Fig. 33 Algebraic factorizing technique combined with 
the bit-grouping symbol at "D" inputs. 

SEQUENCE OF OUTPUT LABELS 

If an output has a number of different labels, regardless of 
whether or not they are identifying numbers of affecting inputs 
or outputs, these labels are shown in the following order (see 
Fig. 341: 

the delayed output symbol comesfirst (if to be shown( preceded 
if necessary by the indications of the inputs to which it must 
be applied; 

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

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

Symbols for open-circuit or 3-state outputs, where applicable, 
are placed just inside boundary of the element adjacent to the 
output line, except when using the bit-grouping symbol (see 
Fig. 371. 

V2,314,5 i 2,314,5VN—
G4 =  G4 ~ 

 ENS __  [ENS  J 

7Z22224 

Fig. 34 Placement of 3-state symbols and delayed 
output symbols. 

If an output needs several sets of labels to represent alternative 
functions, depending on the mode of action, these sets may be 
shown on different output lines connected together outside the 
outline. However, there are cases in which this representation is 
undesirable. In these cases the output may be shown once with 
the different sets of labels separated by solidi (see Fig. 351. 

~ M1i[i=9/1CT=15~ _ _____jM1 
1CT=15 

____11iCT=9
/b0T=15IID__

 
v -E  

1CTT15~ 

7Z22224 

Fig. 35 Output labels. 
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Adjacent identifying numbers of affecting inputs that are not 
separated by a non-numeric character are separated by a comma. 

If a set of labels of an output not containing a solidus contains 
the identifying number of an affecting "Mm" input at internal 
logic "0", this set of labels has no effect on the output. 

Labels may be factorized using algebraic techniques (see Fig. 36). 

(1121 1,312, 

1,2,3,41~CT=9/5CT=0)_____= 1,2,3,4,SCT=9/1.2,3,4,5CT_0]_______ 

7Z22224 

Fig. 36 Factorizing output labels. 

If the bit-grouping symbol for outputs is used and the sets of 
labels of all outputs grouped togetherdiffer only in the indications 
of the weights, the sets of labels may be shown only once between 
the symbol replacing "•" and the grouping symbol (see Table 3) 
provided that, except for the grouping symbol and the weights, 
the proper order of the labels is maintained (see Fig. 37). These 
sets of labels, therefore, include the symbols for open-circuit, 
passive pull-down, passive pull-up and 3-state outputs but exclude 
the indications of weights. 

b ~EN4 
L3,4O I e — b ~EN4

{2,3,4p} 
7222224 

7Z22224 

Fig. 37 The bit-grouping symbol at outputs. 
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RULES FOR SYMBOL 

SIMPLIFICATION

RULES FOR SIMPLIFICATION OF SYMBOLS 

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

RULE 1 

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

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

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

RULE 2 
When two or more pins are shown with a single line, then a 
comma between the pin numbers means that these pins are 
connected together; when the pin numbers are separated by a 
solidus, this means they are separate functions. 

D2 
A 

H 

A 
7410 14 01 7 

ITEM TYPE HIS VI L IOVI 

03 
E 

E 

D1 
B 12 

01 
ITEM

7410 
TYPE 

74 L0160 16 8 03 

ITEM TYPE H ISVI LIOVI 

14,13 
H15VI 

7 
LIOVI 

C 
H 
H 

C 
7410 14 D2 

ITEM 
7 

TYPE H 15VI LIOVI 

F 

F 

74LS160 

TYPE 
NU=NOT USED 

03 
CTRDIV10 

 O1 
oi+ CT 

1 NCT-0 

03 

TEM 

Fig. 38 Examples of Rule 1. 

D 
02 

ITEM 
7410 
TYPE 

14,13,2 
H I5V1 

7 
LIOVI 

14 
13 
2 

11 

16,7,9 5,3,4,5,6 15 

H IS VI LIOVI NU 
zzzzzsa 
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J  
SIMPLIFICATION 

RULE 3 

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

Fig. 40 Example of Rule 3 showing 8 input 
multiplexer. 

RULE 4 

An output can be connected to an input of equal polarity as 
shown in Fig. 41C. If the polarity is different this method does 
not give sufficient information and the methods of Fig. 41A or B 
are then adopted. CTRDIV10 

4018 0 >01I 
02 
R 15 
l r 14 (1] 1 5 

 10 SRG Z3 
20 

15 5 [2]~ 2 ' 
1 

01_0 

~ 4 
[ 4] 
[51113

20  Z4 11 
—301 & SRG 
—S D 

25 

B 20 
9 X11 27 
12 13 2D 

A 

Fig. 43 Example of Rule 4; 
the full symbol shown in (A) can be reduced to that of 
(B) when no parallel loading is applied and the device is 
used ass divide-by-10 circuit. 
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SIMPLIFICATION 
 J  

RULE 5 
Combining elements together to form one element is allowed 
only if all pin numbers can be shown. 

011021 
1W..  .3141 

7Z22232 

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

RULE 7 
A multiple symbol may also be applied for symbols. 

RULE 6 
A circuit consisting of a combination of two or more elements 
that appear repeatedly on a diagram, may be replaced by a single 
symbol. This symbol is used on the diagram, while the complete 
circuit is shown in an auxiliary diagram elsewhere on the drawing. 

D 
T 

R D 

n 1 

Fig. 45 Example of Rule 6. 

7222232 

02 t/m D4 

1 
15
14 
13 
2 
3 

4 
6 
10 

12 _ 

01 

05 

RAM 16x4 
0 

0 
4 15 

  3 

01 
1C2 

L 1EN 
1 
A,2D App 5 

,.,- 7 

 ~ 9 
 ~ 11 

240/05 
241/05 

2 A2/D5 
243/05 
244/05 
5C6 

SEN 

Fig. 46 Example of a multiple symbol showing five 
16x4-bit RAMs connected to enlarge the number of words. 
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1 
RAM256x1 

1 
2 
15 
7 
9 
10 

11 
14 7 
3 n 

4 N 
5 n 

12 

00 

01 

02 

1

0 
A 255 

& 
02 

2EN 
2C1 
~ r 13  A,10 Apr  6 

02 

1 
2 
15 
7 

9 
10 

11 

14 

3 

4p' 
5 n 
12 

l~ 

RAM256x1 

0 

0 A 255 

7 
t~

02 

2EN 
2C1 I

13  A,to Avr  6

03 

1 

2 

15 
7 
9 

10 
11 

14 
3 n 
L 
5 n 
12 

Li 

RAM256x1 

0 

7 

D 
A 255 

& 
02 

2EN 
2C1 

r 
a_A,10 AV  6

Fig. 47 Example of a multiple symbol showing three 
256x1-bit RAMS connected to lengthen the word. 
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SIMPLIFICATION 

RULE 8 
Every1PIROM may be regarded as an X/Y-code-converter. 

XIY 

10 
1 
12 
13 
14 

t 

2 

e 
16 

1S N  EN 

0v 

1p 

zv 
3p 
Lp 

sv 
6p 

7p 

z 

S 

b 
1 

10 
11 

12 

13 
14 

PROM32x8 

0 
31 

L 

N 

[o7A v 
[1]AV 

[2)6V 

(3)6 p 
[4]AV 
[57A p 
(6)AV 
(7)A p 

Fig. 48 Example of Rule 8 using Schottky PROM. 
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DEPENDENCY 

EXAMPLES OF APPLICATION-DEPENDENCY OF SYMBOLS 

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

To demonstrate application-dependency of symbols, Fig. 49 
shows the basicIsymbol ; ands eight applications,of a D-element 
with "S" and "R" inputs. 

(A) basic symbol 

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

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

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

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

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

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

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

7Z22230 

Fig. 49 Example of application-dependent symbols for edge-triggered 
D-element with "R" and "S" inputs. 
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INTRODUCTION 

INTRODUCTION TO THE HE4000B FAMILY DATA SHEETS 

The LOCMOS HE4000B range is a fully buffered digital integrated circuit family which meets the 
Jedec-B specification. The members of this 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 (HEF range in plastic DI L, ceramic DI L and plastic mini-pack (SO) packages) 
—55 to + 125 oC (HEC range in ceramic DIL packages only); 

• high DC fan-out; 
• inputs and outputs are protected against electrostatic voltages. 

In addition to these, the LOCMOS HE4000B range has: 

• buffered outputs on all circuits; 
• higher speed; 
• higher packing density - essential for MSI/LSI; 
• excellent noise immunity. 

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

Note 

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

To minimize any pattern sensitivity of propagation delay, and to standardize delay and output drive, 
all HE family devices have an output buffer stage (see Fig. 1). Buffering improves the static 
noise immunity because the increased voltage gain gives nearly ideal transfer characteristics and the 
low output impedance gives significant improvement of the dynamic noise immunity. Significant 
pulse shaping is obtained because output transitions are virtually independent of input rise and fall 
times. 

A 

B 

* 

15 
yDD output 

VO
IV) 

10 

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*. 

(a) 

6 

logic 
level 
Ivl 

4 

VDD —
5V 

7173740.1 

 .VDD=15 V 

Tamb=25O C 

unbuffered 
C - MOS 

fully buffered 
LOCMOS 

10 15 
input VI (V) 

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

Ib) 

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 

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 LOCMOS 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 may years. Therefore, it is both helpful and practical to compare the performance 
of LOCMOS with that of the more familiar TTL (see table below). 

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

For dynamic noise immunity, see NOISE IMMUNITY. 

standard 
TTL 

low-power 
Schottky 

4000 
LOCMOS 

5V 

4000 
LOCMOS 

10V 

4000 
LOCMOS 

15V 

propagation delay 
CL=15pF 

flip-flop clock 
frequency 

10ns 

35 MHz 

10ns 

45 MHz 

40ns 

8 MHz 

20ns 

16 MHz 

15ns 

20 MHz 

quiescent power 10 mW 2 mW 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 

Except for the V-types LOCMOS is guaranteed to function over the unprecedented range of 3 to 15 V 
supply voltage. Characteristics are guaranteed for 5, 10 and 15 V operation and can be extrapolated for 
any voltage in between. Operation below 4.5 V is not very meaningful because of the increase in delay 
(loss of speed), the increase in output impedance and the loss of noise immunity. Operation above 15 V 
is not recommended because of high dynamic power consumption and risk of noise spikes on the power 
supply exceeding the breakdown voltage (typ. > 20 V), causing SCR-latch-up and destroying the device 
unless the current is externally limited. 

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

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

Power consumption 

Under static conditions, the p-channel and the n-channel transistors are not conducting simultaneously, 
thus only leakage current flows from the positive (Vpp) to the negative (VSS) 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 (Ipp) are given in the Family Specifications, the 
typical dynamic power dissipation is given in the individual data sheets. The total device power dissi-
pation is the sum of the quiescent and dynamic power dissipation. 

P 103gate 
(mW) 10 2 

10 

1 

10-i

10_ 2

10-4

10 2 103 104 10 5 106 10 7 10 8 109
f i (Hz) 

7Z73754.1 

1 

2 

3 

4 

5 

6 

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 (Vpp = 15 V) 
5 LOCMOS (Vpp = 10 V) 
6 LOCMOS (Vpp = 5 V) 
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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 

(ID) 

h /2 VDD VDD 
input voltage (VI 1 

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

This drain current reaches a maximum at 1/2 VDD and the peak value depends on the geometrics of the 
transistors used. This current is proportional to VDDn, 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 
0 
v v 
v w 
N 

0 
E 
°c 3 

7273750 

Tamb = 25 C C-MOS 
VDD =5V 

LOCMOS 
VDD =5V 

TTL 
Vcc= 5V 

100 
CL (pF) 

200 

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

Capacitive loading effect 

Historically, semiconductor manufacturers have always specified the propagation delay at an output 
load of 15 pF, not because this was considered a representative systems environment, but rather 
because it was the lowest practical test-jig capacitance. It also generated the most impressive specifi-
cations. For example, TTL with an output impedance in the LOW state of typically 25 S2 is little 
affected by an increase in capacitive loading. LOCMOS, however, with an output impedance of typi-
cally 250 S2 (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 HEF4011 B 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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200 

tPHL 
tPLH 
(ns) 

100 

7Z73736.1 

Tamb=25°C 

{ 

Vpp=5 V 

10V 

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

0 HEF4011B. 
0 100 200 

CL (pF) 

7Z73751.1 

Tamb=25°C 

200 

tT H L 
tTLH 
(ns) 

100 

Vpp=5V 

10V 

0 

15V Fig. 8 Output transition times as functions 
of load capacitance. 

0 100 200 
CL (pF) 

Supply voltage effect 

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

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

tPHL 
150 

tPLH 
(ns) 100 

5 

7273734.1 

Fig. 9 Propagation delays (symmetrical) 
as functions of power supply voltage for 
the HEF4011B. 

10 15 
Vpp (V) 

122 January 1995 



Introduction to the HE4000B family data sheets INTRODUCTION 

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. 

tPHL 
tPLH 
( ns ). 

50 

40 

30 

20 

10 

7Z73739.J 

V0p=10V 

CL= 
-100pF 

50pF 

-20pF 

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

Tamb (°C) 

Fig. 10 Propagation delays as functions of ambient temperature, with Vpp = 10 V for HEF4011 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 V in a 5 V system, 4,5 V in a 10 V system and 6,75 V in 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 Vpp 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 

Va

(V) 

3 

0 

7273743 

Tamb= 
VDD= 

25°C 
5V 

7400TTL 

LOCMOS 

2 4 6 
VI (V) 

Fig. 11 Typical transfer characteristic 
for TTL and LOCMOS. 

15 

Va
(V) 

10 

5 

0 
0 

7273747 

V0D=15V 

VD0=10V 

VDD= 5 V +125°C 

—55°C 

5 10 15 
VI (V) 

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

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

VDD 5V 10V 15V VDD 5V 10V 15V 

factor 0,5 1 2 factor 1 3 5 

From the tables can be seen that LOCMOS operating at VDD = 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-TT L. 
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Input protection 

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

With the exception of a few devices, each member of the HE family utilizes a series resistor, nominally 
400 S2, 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 S2 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 
400 n 

nominal 

V00 

D2 

D1 

yss 

to logic 
transistors 

7273746 

Fig. 13 Standard HE family LOCMOS 
input protection circuit. 

input to logic 

D1 

VSS 
7Z83562 

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

Figure 14 shows the input protection for the types HEF4049B and HEF4050B. Diode D1 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 11 and 12) and dissipation (see 
Fig. 4) and see text concerning all these Figures. 

Any dynamic system generates voltage spikes on the supply line. These spikes influence the noise im-
munity, they may damage the circuit, or may have a negative influence on proper operation of the 
circuit. Therefore a matched decoupling of the supply line is necessary. Generally an electrolytic 
capacitor of 3µF 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 3µF 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 recommmended. 
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3-state outputs 

Function table 

EO 

VVV~VVV

 7283559 

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

inputs output 

I EO 0 

X L Z 
L H L 
H H H 

H = HIGH state (the more positive 
voltage) 

L = LOW state (the less positive 
voltage) 

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

P1 I P2 P3 

r—

P4 

.--' . 

N1 N2 N3 

I~ ' I —
N4 

EO ?283560 

fE-

N5 

Fig. 16 Circuit diagram of 3-state output. 

VDD 

0 

vSS 

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 VDD power supply range of 
3 to 15 V. as referenced to VSS (usually ground). Parametric limits are guaranteed for VDD 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 VDD, 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 (IEC 134) 

Supply voltage 

Voltage on any input 

DC current into any input or output 

Power dissipation per package: 
HEF (plastic and ceramic DI L) 

Tamb = —40 to + 70 °C 

Tamb = + 70 to + 85 °C 

HEF (plastic SO mini-pack) 

Tamb = —40 to + 70 °C 

Tamb = + 70 to + 85 °C 

HEC (ceramic DIL) 

Tamb = —55 to + 70 °C 

Tamb = + 70 to + 125 °C 

Power dissipation per output 

Storage temperature 

Operating ambient temperature (HEF) 

Operating ambient temperature (HEC) 

VDD 
VI 
±I 

Ptot 

Ptot 

Ptot 

P 

Tstg 

Tamb 

Tamb 

—0,5 to + 18 V 

—0,5 to VDD + 0,5 V 

max. 10 mA 

max. 750 mW 
derate linearly 
with 12 mW/K 

max. 500 mW 
derate linearly 
with 8 mW/K 

max. 500 mW 
derate linearly 
with 8 mW/K 

max. 100 mW 

—65 to + 150 °C 

-40 to + 85 °C 

—55 to + 125 °C 
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 1  

0 

ID

(mA) 

-2 

4 

6 
-5 -25 VDS (V 0 

P-channel drain characteristics (source) 

VDD =5V 

Tamb=25 O C 

typ 

mi 

7177190 

0 

ID

(mA) 

-10 

-20 

-30 

VDD =10V 

Tamb-25 0  C 

min 

7Z77189 

typ 

—10 —5 VDS (V) 0 

6 

ID

(mA) 

4 

2 

0 

30 

ID

(mA) 

20 

10 

7Z77186 

VDD = 5 V 
-r _) O

- 2 ° 5 C 

typ — 

0 

min 

25 VDS (V) 5 

N-channel drain characteristics (sink) 

7Z77187 

VDD = 10 V 

Tamb-25 O C 

typ 

I
min 

0  
0 

5 VDS (V 10 

P-channel drain characteristics (source) 
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ID 
(mA) 

—25 

—50 

7Z77188 7Z77185 

VDD = 15 V 

Tamb=25 0 C 

min 

typ 

—15 —10 —5 0 
VDS (V 

P-channel drain characteristics (source) 

Note 

Temperature coefficient: —0,4%/0C. 

50 

ID

(mA) 

25 

0 

VDD = 15 V 

Tamb = 2 5 0 C 
typ 

min 

0 5 10 15 
VDS 

(V) 

N-channel drain characteristics (sink) 
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FAMILY 
SPECIFICATIONS 

\,_  

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 Vpp=5 V; 4µs for Vpp=10V; 1µs for Vpp=15 V. 

Output transition times (tTLH, tTHL) 
VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 20 ns 

Vpp 
V symbol min. typ. max. 

typical extrapolation 
formula 

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 

Temperature coefficient (typical values) 

Propagation delays 
Output transition times 

+0,35%/°C 
+0,35%/°C 

Input capacitance (digital inputs) 

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

CLOCK 
INPUT 

DATA 
INPUT 

OUTPUT 

SET, 
CLEAR, 
PRESET 
INPUT 

t 
-tf-

tWCPH —_ ..

thold 
t WCP L ; 

50% 

tsu 

tR 
tPLH 

t 

~tTLH 

thold 

tsu 
~—tTHL

90% 

f tPHL f 

50% 

7Z75375 

UDD 

VSS 

UDD 

VOH 

VOL 

UDD 

Note 

In the waveforms above the active transition of the clock input is going from LOW to HIGH and the 
active level of the forcing signals (SET, CLEAR and PRESET) is HIGH. 
The actual direction of the active transition of the clock input and the actual active levels of the 
forcing signals are specified in the individual device data sheet. 
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Propagation delays of 3-state outputs. 

20 ns X20 ns 

VDD 
90% T 

OUTPUT 
50 %~ ENABLE 

10% 
VSS 

tPZL ~tPLZ~ 

VDD 
90 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

10% 
VOL 

..i__—tPHZ . -tPZH -~ —► 

90% 
VOH 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

10% 

1Z75376.1 

Test circuit of 3-state output ICs. 

outputs --
connected 

SS 
- outputs If outputs 
disconnected connected 

RL=1 k&t 
IC 

with 
•F 

Vpp for tPLZ , tPZL 
 ~~ other 

inputs 
VSS for tPHZ , tPZH 

3-state 

output outputs 
CL=50 pF 

7Z75369 disable 
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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 is defined as 
conventional current flow out of a device. 

'IN Input current; the current flowing into a device at specified input voltage and VDD• 
IOH Output current HIGH; the drive current flowing out of the device at specified HIGH output 

voltage and VDD• 
10  Output current LOW; the drive current flowing into a device at specified LOW output voltage 

IDD 

IOZ 

IIL 

IIH 

IDDL 

IDDH 

IZ 

and VDD• 
Quiescent power supply current; the current flowing into the VDD lead at specified input 
and VDD conditions. 
Output OF F 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;the current flowing into  device at a specified HIGH level input voltage 
and a specified VDD• 
Quiescent power supply current LOW; the current flowing into the VDD lead with a specified 
LOW level input voltage on all inputs and specified VDD conditions. 
Quiescent power supply current HIGH; the current flowing into the VDD 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• 

Voltages 

All voltages are referenced to VSS, which is the most negative potential applied to the device. 

VDD 
VS 

VEE 

VIH 

VIL 

VOH 

VOL 

Vp 
VN 

Supply voltage; the most positive potential on the device. 
Supply voltage; for a device with a single negative power supply, the most negative power 
supply, used as the reference level for other voltages; typically ground. 
Supply voltage; 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. 
Input voltage HIGH; the range of input voltages that represents a logic HIGH level in the 
system. 
Input voltage LOW; the range of input voltages that represents a logic LOW level in the 
system. 
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. 
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. 
Trigger threshold voltage; positive-going signal. 
Trigger threshold voltage; negative-going signal. 

Analogue terms 

RON 

IRON 

ON resistance; the effective ON state resistance of an analogue transmission gate, at speci-
fied input voltage, output load and VDD• 
LON resistance; the difference in effective ON resistance between any two transmission 
gates of an analogue device at specified input voltage, output load and VDD• 
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A.C. switching parameters 

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

fo Output frequency; each output. 
fmax Clock frequency; clock input waveform should have a 50% duty cycle and be such as to 

cause the outputs to be switching from 10% VDD to 90% VDD in accordance with the 
device truth table. 

tr, tf Clock input rise and fall times; 10% to 90% value. 
tpLH 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. 

tpHL 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. 

tTLH 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. 

tTHL 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. 

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

thold 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. 

tsu Set-up time; the interval immediately preceding the active transition of the timing pulse 
(usually the clock pulse) or preceding the transition of the 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. 

tpHZ 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 VOH 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. 

tpLZ 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 (VDD-VOL) 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. 

tpzH 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). 

tpZL 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 (VDD- VOL) 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) 

tR 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 GATE 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. 

14

15

16 

17

3 It

1 4 12 

5 13 

02 10 
11 14 

12 I5 

13 16 

03 9 ~ Q8 I 7

7Z73673 

Fig. 1 Functional diagram. 

> O
7Z74501 

O3

7Z73672 

Fig. 2 Pinning diagram. 

HEF4000BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4000BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4000BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

FAMILY DATA 

Fig. 3 Logic diagram. 'DD LIMITS category GATES 

see Family 
Specifications 
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HEF4000B 
gates 

J \ 
D.C. CHARACTERISTICS 

For the single inverter stage (17/O3): 

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

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 

VDD V symbol typ. max. 
typical extrapolation 

formula 

Propagation delays 5 70 140 ns 43 ns + (0,55 ns/pF) CL 
11 to 16 --► O1,O2 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 —► O3 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 

VDD 
V 

typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1 000 fi + E(foCL) x VDDZ
7 700 fi + E(foCL) x VDDZ

28 700 fl + E(foCL) x VDDZ
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Dual 3-input NOR gate and inverter HEF4000B 
gates 

APPLICATION INFORMATION 

The following information (Figs 4 to 7) is only for the single inverter stage (17/O3). 

50 

gain 
(VO/V1) 

25 

0 

7Z84251.1 

typ 

0 5 10 VDD (V) 15 

20 

IDD 
(mA) 

15 

10 

5 

0 

7Z84257.1 

ty p 

0 5 10 VDD (V) 15 

Fig. 4 Voltage gain (VO/V1) as a function of Fig. 5 Supply current as a function of 
supply voltage. 

330 kg 

7 O3

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/O3) of the HEF4000B. 

supply voltage. 
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HEF4000B 
gates 

R bias = 560 kS2 

VDD 

0,47µF input output 100µF 

OH 

's" 
vi 'V 

(f= 1 kHz) 
A 

O V$$ 
7Z84363 

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

7Z84364 

10 

gfs 

(mA/V) 

7,5 

5 

2,5 

B 

A 

C 

0  
0 5 10 V (V 15 

DD 

Fig. 8 Typical forward transconductance gfs as 
a function of the supply voltage at Tamb = 25 ° C• 

Curves in Fig. 8: 

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

's' is the observed standard 
deviation. 
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HEF4001B 
gates 

J  

QUADRUPLE 2-INPUT NOR GATE 

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. 

1 It

2 12 

5 I3 

6 I4 

8 I5 
I69 

12 7 

13 I6 

0j 3 

02 4 

03 10 

04 11 

7Z696S. 

Fig. 1 Functional diagram. 

12~ V V XO1

7Z75424.2 

Fig. 3 Logic diagram (one gate). 

FAMILY DATA 

7 Z69477 

Fig. 2 Pinning diagram. 

HEF4001 BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4001BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4001 BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

see Family Specifications 
IDD LIMITS category GATES 
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HEF4001B 
gates 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

VDD 
v/ 

symbol y m t yp max 
typical extrapolation 

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 
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 V typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1100 fi + E(foCL) x VDD2
5000 fi + E(f0CL) x VDD2

14200 fi + E(foCL) x VDD2
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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. 

1 It 

2 

5 

6 

8 

I2 

I4 

I6 

9 I6 

12 I7 

13 I6 

3 

02 4 

03 10 

04 11 

7Z69554 

Fig. 1 Functional diagram. 

VDD 

•-- O 

Fig. 2 Pinning diagram. 

HEF4001 UBP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4001 UBD(F): 14-lead Dl L; ceramic (cerdip) 
(SOT73) 

HEF4001UBT(D): 14-lead SO; plastic 
(SOT108-1) 

U: Package Designator North America 

Ir ~~ 

I 

7284262 V55 

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

FAMILY DATA 

IDD LIMITS category GATES 
see Family Specifications for VIH/VIL unbuffered stages 

January 1995 149 



HEF4001UB 
gates 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

VDD 
v 

symbol typ. max. typical extrapolation 
formula 

Propagation delays 
In —► On 5 65 130 ns 

I 

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 
tim 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 6 ns + (0,28 ns/pF) CL 

Input capacitance CIN — 10 pF 

VDD 
V 

typical formula for P (µW) where 
fi = input freq. (MHz) 
fo output freq. (MHz) 
CL= load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

500 fi + E(foCL) x VDD2
5000 fi + E(fOCL) x VDD2

30 000 fi + E(foCL) x VDD2
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Quadruple 2-input NOR gate 
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0 25 VI (V) 
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0 
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/ 
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0 
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7Z84253 
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I
I 
I 
I 
I

10 0 V 1 (VI 

0 
20 

ID
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10 

HEF4001UB 
gates 

Fig. 4 Typical transfer characteristics; 
one input, the other input connected to VSS% 
- VO; — — — ID(drain current); 1O = 0; 
VDD=5V. 

Fig. 5 Typical transfer characteristics; 
one input, the other input connected to VSS% 
 VO; — — — ID(drain current); 1O = 0; 
VDD=10 V. 

Fig. 6 Typical transfer characteristics; 
one input, the other input connected to VSS% 
 VO; — — — ID(drain current); 1O = 0; 
VDD = 15 V. 
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HEF4001UB 
gates J  

10 

gfs 

(mA/V) 

7,5 

5 

2,5 

0 
0 10 V k'.' 

15 
DD 

Fig. 8 Typical forward transconductance gfs as a 
function of the supply voltage at Tams = 25 °C. 

0,47 µ F 

vi "V 

(f = 1 kHz) 

O 

R bias = 560 kS2 

VDD 

input output 100µF 

A io " 

7284363 
VSS 

Fig. 7 Test set-up for measuring foward transconductance 

gfs = dio/dvi at vo is constant (see also graph Fig. 8). 

7Z84364 

B 

A 

C 

Curves in Fig. 8: 

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

's' is the observed standard 
deviation. 
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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. 

(a) 

A] 

B i 

C 

t forward voltage 
clamping diode 

(b) 

1/4 HEF4001UB 1/4 HEF4001UB 

7Z84264 

  VDD 

— oV

1,5 VDD 

— — VDD 
— 0,5 VDD 
 OV 

-0,5VDD 

- VDD 
0,5 VDD 
0V 

7271571 

INH O 

H L 
L OSC 

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

In Fig. 9 the oscillation frequency is mainly determined by Rid, provided R1 «R2 and 
R2C2 << Rid. 
The function of R2 is to minimize the influence of the forward voltage across the protection diodes on 
the frequency; C2 is a stray (parasitic) capacitance. The period Tp is given by Tp = T1 + T2, in which 

T1=R1C1 In 
VDD +VST 2VDD—VST 
  and T2=R1C1 In  

 
where 

VST VDD - VST 
VST is the signal threshold level of the gate. The period is fairly independent of VDD• VST and 
temperature. The duty factor, however, is influenced by VST. 
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HEF4001UB 
gates 

1 MS2 

10 

VO

(V) 

5 

0 

INH 

1/4 HEF4001UB 

I ' O 

2,2 kS2 
4 M Hz 

100 _ 25 
pF ~ ~ pF 

7284266 

INH O 

H 
L 

L 
OSC 

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

7Z84252 

typ 

0 5 10 
VDD (V) 

15 

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

330 kSt 

1/4 HEF4001UB 
7Z84268 

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

NOTES 

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

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

b. Connecting one input to VSS will give the device a symmetrical output. 
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Quadruple 2-input NOR gate 

50 

gain 
(VO /VI) 

25 

7Z84251.1 

typ 

0  
0 5 10 VDD (V) 

15 

Fig. 13 Voltage gain (VO/VI) as a function 
of supply voltage. 

330 kg 

1/4 HEF4001UB 
7Z842s8 

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

input 

330 kSZ 

1/4 HEF4001UB 

INH 

output 

7Z8427o 

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

7284257.1 
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0 5 10 
VDD (V) 

15 

Fig. 14 Supply current as a function 
of supply voltage. 
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J  
DUAL 4-INPUT NOR GATE 

HEF4002B 
gates 

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. 

2 I1 
3 
4 
5 

I2 

I3 
14 

9 I5 
10 
11 
12 

I6 
I7 
I8 

O 1 

02 13 

7Z69555 

Fig. 1 Functional diagram. 

11
12

13
14

Fig. 3 Logic diagram (one gate). 

FAMILY DATA 

'DID LIMITS category GATES 

7Z69478 

Fig. 2 Pinning diagram. 

HEF4002BP(N): 14-lead Dl L; plastic 
(SOT27-1) 

HEF4002BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4002BT(D): 14-lead SO; plastic 
(SOT10B-1) 

( ): Package Designator North America 
O~ O1 

7174511 

see Family Specifications 
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HEF4002B 
gates 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

VDD 
V symbol typ. max. 

typical extrapolation 
formula 

Propagation delays 5 60 120 ns 33 ns+ (0,55 ns/pF) CL 
On 10 tPHL; 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 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,Ons/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 

VDDV typi cal formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1050 fi + E(fOCL) x VDDZ
4300 fi + E(fOCL) x VDDZ

11 700 fi + E(foCL) x VDDZ
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HEF4006B 
MSI 

18-STAGE STATIC SHIFT REGISTER 

The HEF4006B is an 18-stage shift register arranged as two 4-stage and two 5-stage shift registers with 
a common clock input (UP). 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 (DC, DD) and data outputs 
from the fourth and fifth stages (03C, 04C' 03D' 04D) 
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 DD) 
and all the data in each register are shifted one position to the right on the HIGH to LOW transition 
of CP. 

5 

4 

6 

3 CP 

SHIFT REGISTER 
4-BITS 

SHIFT REGISTER 
4-BITS 

SHIFT REGISTER 

5 -BITS 

SHIFT REGISTER 
5-BITS 

3A 13 

O3B 

04C 

7Z73674 

10 Fig. 2 Pinning diagram. 
  HEF4006BP(N): 14-lead DIL; plastic 

(SOT27-1) 
HEF4006BD(F): 14-lead DIL; ceramic (cerdip) 

(SOT73) 
12 HEF4006BT(D): 14-lead SO; plastic 

03C

04D 

11 

9 

O3D 8 

7Z73675.2 

(SOT108-1) 
( ): Package Designator North America 

FUNCTION TABLE 

Dn CP On

D1 \ D1 
X f no change 

X = state is immaterial 
f = positive-going transition 

Fig. 1 Functional diagram. = negative-going transition 
D1 = either HIGH or LOW 

PINNING The moment D1 appears at O depends on 

DA to DD data inputs the register length. 

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

03A to 03D; 04C; 04D data outputs 

FAMILY DATA 
see Family Specifications 

'DO LIMITS category MSI 

1 
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HEF4006B 
MSI  J  

DA 
-> 

D 0 

O CF F1F
- 

DB

FF 
2 

FF 
3 

' - O 

D 0 

CF FF 
1 

FF 
2 

FF 
3 

'- O 

D 0 

CF 
FF 
1 

FF 
2 

FF 
3 

FF 
4 

FF 
4 

FF 
4 

'-O

D 0 

CF FF 
1 

FF 
2 

FF 
3 

FF 
4 

FF 
5 

Fig. 3 Logic diagram. 

FF 
5 

03A 

 03B 

O3C 

04C 

O3D 

04D 

7Z73906.2 
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18-stage static shift register 

J  
A.C. CHARACTERISTICS 

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

HEF4006B 
MSI 

VDD 
v 

symbol min typ max 
typical extrapolation 

formula 

Propagation delays 
CP On 5 90 180 ns 63 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 90 180 ns 63 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 40 85 ns 29 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 

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 
D —" " CP 10 ttsu 10 5 ns 

15 5 0 ns see also waveforms 

Hold time 5 5 —5 ns Fig. 4 

Dn —► CP 10 thold 5 0 ns 
15 5 0 ns 

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

15 18 36 MHz 

VDD 
V 

typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

600 fi + E(foCL) x VDD2
3200 fi + E(foCL) x VDD2

11 600 f1+ E(fOCL) x VDD2

where 
fi = input freq. (MHz) 
f°  = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

1 
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HEF4006B 
MSI 

CP INPUT 

D INPUT 

50% 

~tWCPH --~ 

50 

i t su 

50O/O 

thold f 

7273905.1 

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 

SP2, SP3 
Dpi, DP2 

DN1, DN2 
SN2•SN3 

DN/P3 
G1 to G3 

13 2 1 11 

Dpi S P2 DP2 SP3 VDD 14 

-7 H 
Fit-
F-

6 G1 • 

P 
F-

1E 

- 
F- 

DN/P3 12 

F-

N V55 7 

DN1 
8 

G2

3 
S N2 DN2 G3 SN3 
4 5 10 

Fig. 1 Schematic diagram. 

9 
7Z73677 

7Z73676 

Fig. 2 Pinning diagram. 

HEF4007UBP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4007UBD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4007UBT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 
source connections to 2nd and 3rd p-channel transistors 

drain connections from the 1st and 2nd p-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 to n-channel and p-channel of the three transistor pairs 

FAMILY DATA 

IDD LIMITS category GATES Jsee Family Specifications for VIH/VIL unbuffered stages 
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HEF4007UB 
gates 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

VDD 
v 

symbol typ. max. 
typical extrapolation 

formula 

Propagation delays 
Gn — DN; 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 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 
V 

typical formula for P (µW) 
where
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD=supplyvoltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

4500 fi + E(foCL) x VDD2
20000 fi + E(fOCL) x VDD2
50000 fi + E(foCL) x VDD2
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Dual complementary pair and inverter HEF4007UB 
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10 

gates 

Fig. 3 Typical drain current ID and output 
voltage Vp as functions of input voltage; 
VDD=5 V;Tamb=25°C. 

Fig. 4 Typical drain current ID and output 
voltage Vp as functions of input voltage; 
VDD = 10 V; Tamb = 25°C 

Fig. 5 Typical drain current ID and output 
voltage Vp as functions of input voltage; 

0 VDD = 15 V; Tamb = 25 °C. 
10 V 1 (VI 20 
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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. 

50 

gain 
(VO /V1) 

25 

0 

7Z84251.1 

typ 

0 5 10 VDD (V) 15 

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

330 kSl 

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. 

20 

IDD 
(mA) 

15 

10 

5 

7Z84257.1 

0  
0 5 

Fig. 7 Supply current as a function of supply 
voltage. 
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Dual complementary pair and inverter HEF4007UB 

10 

gfs 
(mA/V) 

7,5 

5 

2,5 

0,47µF 

vi 'd 

(f = 1 kHz) 

O 

R bias = 560 kg 

VDD 

input output 100µF 

A 'o' ' 

7Z84363 
V$$ 

Fig. 9 Test set-up for measuring forward transconductance 

gfs = dio/dvi at vo is constant (see also graph Fig. 10). 

7284364 

B 

A 

5 
0  

0 10 V (V 15 
DD 

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

gates 

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 

 J  

APPLICATION INFORMATION (continued) 

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

VDD 

P 

input 

input 

6 

6 

6 

4,7 k&2 

8 
N '10 

MS2 

4 MHz 

a 
100 
pF 

25 
pF 

7Z84359 

Fig. 11 4 MHz crystal oscillator. 

 VDD 

13 
I O 

N 
8 

5 12 

r 1

N N 
4• 9 

3 

vSS 

output 

vSS 

10 7Z84360 

Fig. 12 High current sink driver. 

P 

113 P

N 

8 

11 

rte— ~—

1 

P 

10 

12 

7Z84361 

Fig. 13 High current source driver. 

VDD 

output 

vSS 
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Dual complementary pair and inverter HEF4007UB 

VDD 
3 P O2 

disable O--te r--. 

10 
input 

  6 
disable p 

11 

y--VDD r-- 12 
•—O output 

I( VSS 

9 
8 

VSS 7 

i 7Z84362 

Fig. 14 High impedance buffer. 

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 

NOTE 

Rules for maintaining electrical isolation between transistors and monolithic substrate: 

Pin number 14 must be maintained at the most positive (or equally positive) potential with respect to 
any other pin of the HEF4007UB. 

Pin number 7 must be maintained at the most negative (or equally negative) potential with respect to 
any other pin of the HEF4007UB. 

Violation of these rules will result in improper transistor operation and/or possible permanent damage 
to the HEF4007UB. 
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HEF4008B 
MSI 

4-BIT BINARY FULL ADDER 

The HEF4008B is a 4-bit binary full adder with two 4-bit data inputs (AO to A3, BO to B3), a carry 
input (CIN), four sum outputs (S0 to S3), and a carry output (COUT). The IC uses full look-ahead 
across 4-bits to generate COUT. This minimizes the necessity for extensive look-ahead and carry-
cascading circuits. 

15 B3 

HIGH-SPEED 
PARALLEL CARRY 

COUT 14 

1 

2 

A3 

62 

3 

4 

A2 

B1 

5 

6 

Al 

BO 

ADDER 
4 

S3 13 

ADDER 
3 

S2 12 

•

ADDER 
2 

Si 11 

7 

9 

AO 

CIN 

ADDER 
1 

SO 10 

Fig. 1 Functional diagram. 

HEF4008BP(N): 16-lead OIL; plastic 
(SOT38-1) 

HEF4008BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4008BT(D): 16-lead SO; plastic 
(SOT109-11 

( ): Package Designator North America 

FAMILY DATA 

IDD LIMITS category MSI J 

7Z74548.1 

see Family Specifications 

Fig. 2 Pinning diagram. 

PINNING 

A0 to A3 data inputs 

BO to B3 data inputs 

S0 to S3 sum outputs 

CIN carry input 

COUT carry output 

TRUTH TABLE (one adder) 

CIN A B COUT S 

L L L L L 
L L H L H 
L H 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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HEF4008B 
MS! 

AD

~ 

804 >

A14 > 

B1 -4> 

A24 > 

B2 -0

A34> 

B3 4> 

 D-

D 

D 

D 

D 
O—

1)

T7 

ID

UOUT 

-)_) )) > 4> S, 

 D~ 

D~ 

7Z69961.2 

Fig. 3 Logic diagram. 

S3 
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4-bit binary full adder 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

HEF4008B 
MS I 

VDD V symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
sum in --► sum out 5 150 300 ns 123 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 

5 135 270 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 

sum in — COUT 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 

5 100 200 ns 73 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 45 90 ns 34 ns+ (0,23 ns/pF) CL 

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

CIN --► sum out 5 130 260 ns 103 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 

5 115 230 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 

CIN —a- COUT 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 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 

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 

VDD V typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1 500 fi + E(foCL) x VDD2
6000 fi + E(foCL) x VDD2

13500 fi + E(fOCL) x VDD2
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r 
Al ----B 4 A S ----BB 

I I I 

HEF4008B 
MSI 

 J  

APPLICATION INFORMATION 

word A + B inputs 
 A ` 

A13 ----B 16

I 
A9----B12 

I 
'Cl IC2 IC3 

COUT 

IC4 

CIN COUT CIN COUT CIN CIN COUT 

I I l i I I I I I I I I I I l 
S1 ---- S4 S 5 ---- S8 S9 ---- S12 513 ---- S16 

Y 
sum outputs 7284125 

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

QUADRUPLE 2-INPUT NAND GATE 

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

~Zfi956~ 

Fig. 1 Functional diagram. 

7Z74510.1 

Fig. 3 Logic diagram (one gate). 

FAMILY DATA 

7Z69479 

Fig. 2 Pinning diagram. 

HEF4011 BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4011 BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4011 BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

see Family Specifications 
IDD LIMITS category GATES 
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HEF4011B 
gates 

A.C. CHARACTERISTICS 

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

VDD 
V symbol typ max 

typical extrapolation 
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 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 

VDD

V typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL)=sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

2 
1300 fi + E(foCL) X VDD 2
6000fi+E(foCL) x VDD 2

20100 fi + E(foCL) x VDD 
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HEF4011UB 
gates 

QUADRUPLE 2-INPUT NAND GATE 

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

2 I2 

5 I 3
I 46 

8 I 5
9 I6 

12 I7 

13 Ig 

0 4 

03 10 

04 11 

7Z69562 

Fig. 1 Functional diagram. 

 VDD 

1< 

7Z84263 
VDD 

7Z8305e 

Fig. 2 Pinning diagram. 

HEF4011 UBP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4011 UBD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4011 UBT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

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

FAMILY DATA 

IDD LIMITS category GATES J see Family Specifications for VIH/VIL unbuffered stages 
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HEF4011UB 
gates 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

VDD 
V 

symbol typ. max. 
typical extrapolation 

formula 

Propagation delays 
In ► On 5 60 120 ns 25 ns + (0,70 ns/pF) CL 

HIGH to LOW 10 tpHL 25 50 ns 12 ns+ (0,27 ns/pF) CL 
15 20 40 ns 10 ns + (0,20 ns/pF) CL 

5 35 70 ns 8 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 20 40 ns 9 ns + (0,23 ns/pF) CL 

15 17 35 ns 9 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 6 ns + (0,28 ns/pF) CL 

Input capacitance CIN 10 pF 

VDD V 
typical formula for P (µW) 

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

500 fi + E(fOCL) x VDD2
5 000 fi + E(foCL) x VDD 2

25 000 fi + E(foCL) x VDD2
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Quadruple 2-input NAND gate HEF4011UB 
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Fig. 4 Typical transfer characteristics; 
one input, the other input connected to VDD; 
— VO; — — — ID(drain current); IQ = 0; 
VDD = 5 V. 

Fig. 5 Typical transfer characteristics; 
one input, the other input connected to VDD; 
— VO; — — — ID(drain current); 1O = 0; 
VDD = 10 V. 

Fig. 6 Typical transfer characteristics; 
one input, the other input connected to VDD; 
— VO; — — — ID(drain current); 1O = 0; 

20
0 VDD=15V. 
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HEF4011UB 
gates 

Rbias  560 k2 
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(mA/V) 
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0 5 10 V (V 15 

DD 

Fig. 8 Typical forward transconductance gfs as a 
function of the supply voltage at Tamb = 25 °C. 

0,47µF 

vi 1. 

(f = 1 kHz) 

O 

input output 

9
7Z84363 

Fig. 7 Test set-up for measuring forward transconductance 

gfs = dio/dvi at vo is constant (see also graph Fig. 8). 

7284364 

B 

A 

C 

Curves in Fig. 8: 

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

's' is the observed standard 
deviation. 
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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. 

• VDD 
1/4 HEF4011UB 1/4 HEF4011UB 

INH • 

A B 

1 I 
C2 + R2 R1 C1 

 VSS T T T 
i r 7284265 

A] 

B i 

C 

(a) 

f forward voltage 
clamping diode 

0V 

1,5 VDD 

— VDD 
— 0,5 VDD 
 0V 

-0,5VDD 

- - VDD 
- 0,5 V00 

0V 

7271571 

INH O 

L 
H 

H 
OSC 

(b) 

Fig. 9(a) Astable relaxation oscillator using two HEF4011 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 R1C1, provided R1 «R2 and 
R2C2 << R1C1. 
The function of R2 is to minimize the influence of the forward voltage across the protection diodes 
on the frequency; C2 is a stray (parasitic) capacitance. The period Tp is given by Tp = T1 + T2, in which 

T1 = R1C1 In VDD + VST 
and T2 = R1C1 In 

2VDD — VST 
where 

VST VDD—VST 

VST is the signal threshold level of the gate. The period is fairly independent of VDD, VST and 
temperature. The duty factor, however, is influenced by VST. 
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HEF4011UB 
gates 
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Fig. 11 Output voltage as a function 
of supply voltage. 

INH 

1/4 HEF4011UB 
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2,2 kS2 
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Eli' 
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Fig. 10 Example of a crystal oscillator using one HEF4011 UB gate. 

7Z84258 

typ 

330 kS2 

1/4 HEF4011UB 
7Z84269 

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

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

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

b. Connecting one input to VDD will give the device a symmetrical output. 
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Quadruple 2-input NAND gate 
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Fig. 13 Voltage gain (Vp/V1) as a function 
of supply voltage. 

330 kSZ 

1/4 HEF4011UB 
7Z842s9 

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

input 

330 kSl 
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1/4 HEF4011UB 
NH 7284271 

Fig. 16 Example of an analogue amplifier 
with inhibit using one HEF4011 UB gate. 
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Fig. 14 Supply current as a function 
of supply voltage. 
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HEF4012B 
gates 

DUAL 4-INPUT NAND GATE 

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

2 I~ 
3 
4 

5 

I2 

I3

14

I5

I6

9 

10 

11 

12 

I7 

Ig 

0 2 13 

7Z69563 

Fig. 1 Functional diagram. 

Fig. 3 Logic diagram (one gate). 

FAMILY DATA 

7Z69460 

Fig. 2 Pinning diagram. 

HEF4012BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4012BD(F): 14-lead Dl L; ceramic (cerdip) 
(SOT73) 

HEF4012BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

see Family Specifications 
'DD LIMITS category GATES 
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HEF4012B 
gates 

A.C. CHARACTERISTICS 

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

VDD V symbol t yp max 
typical extrapolation 

formula 

Propagation delays 
In —.On 5 70 135 ns 43 ns+ (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 25 50 ns 14 ns+ (0,23 ns/pF) CL 
15 20 35 ns 12 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 

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 

VDDV typical formula for P (µW1 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 

Dynamic power 5 1100 fi + E(foCL) x VDD2 CL = load capacitance (pF) 
dissipation per 10 4400 f1+ E(foCL) x VDD2 E(foCL) =sum of outputs 
package (P► 15 12 900 fi + E(foCL) x VDD2 VDD = supply voltage (V1 
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HEF4013B 
flip-flops 

DUAL D-TYPE FLIP-FLOP 

The HEF4013B is a dual D-type flip-flop which features independent set direct (SD), clear direct (CD), 
clock inputs (CP) and outputs (O,b). 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 (CD) and set-direct (SD) 
are independent and override the D or CP inputs. The outputs are buffered for best system performance. 
Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock rise and fall 
times. 

FUNCTION TABLES 
6 

5 

3 

4 

SD1 

D1 O1 

CP1 FF 

O1

CD1 

1 

2 

8 

9 

11 

10 

5D2 
D2 O2

CP2 FF 

O2

CD2 

13 

12 

7Z69524.1 

Fig. 1 Functional diagram. 

7Z69681 

Fig. 2 Pinning diagram. 

FAMILY DATA 

'DD LIMITS category FLIP-FLOPS 

inputs outputs 

SD CD CP D O O 

H L X X H L 
L H X X L H 
H H X X H H 

inputs outputs 

SD CD CP D °n+1 °n+1 

L 
L 

L 
L 

I L 
I H 

L 
H 

H 
L 

H 
L 
X 
I 
On + 1 

= HIGH state (the more positive voltage) 
= LOW state (the less positive voltage) 
= state is immaterial 
= positive-going transition 
= state after clock positive transition 

PINNING 

D data inputs 
CP clock input (L to H edge-triggered) 
SD asynchronous set-direct input (active HIGH) 
CD asynchronous clear-direct input (active HIGH) 
O true output 
O complement output 

HEF4013BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4013BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4013BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

see Family Specifications 
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HEF4013B 
flip-flops 
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Dual D-type flip-flop 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 5 20 ns 

VDD 
v 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
CP— O, O 5 110 220 ns 83n5+ (0,55 ns/pF)CL 

HIGH to LOW 10 tpHL 45 90 ns 34ns+ (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 

Sp - 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 

Sp - ►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 

CD 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 

CD-- 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 

HEF4013B 
flip-flops 
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HEF4013B 
flip-flops 

A.C. CHARACTERISTICS 

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

VDDV 
symbol min. typ. max. 

Set-up time 5 40 20 ns 
D - CP 10 tsu 25 10 ns 

15 15 5 ns 

Hold time 5 20 0 ns 
D — CP 10 thold 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 SD pulse 5 50 25 ns 
width; HIGH 10 t WSDH 24 12 ns 

see a waveforms 
Figs 4 

o 
4 and 5 

v

15 20 10 ns 

Minimum CD pulse 5 50 25 ns 
width; HIGH 10 tWCDH 24 12 ns 

15 20 10 ns 

Recovery time 5 15 —5 ns 
for SD 10 tRSD 15 0 ns 

15 15 0 ns 

Recovery time 5 40 25 ns 
for CD 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 M H z 

VDD 
V 

typical formula for P (µW) where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = total load cap. (pF) 
E(foCL) =sum of outputs 
Vpp=supplyvoltage(V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

850 fi +  (foCL) x VDDZ
3600 fi+E(foCL) x VDDZ
9000 fi+E(fOCL) x VDDZ
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Dual D-type flip-flop 

CP INPUT /50% 

y 

D INPUT 

thold f 

tsu 

HEF4013B 
flip-flops 

7Z69573.2 

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. 

SD INPUT 50% 

~ tWSDH i

CD INPUT 

CP INPUT 

/50% 

/50% 

O OUTPUT 

~tWCDHi 

\ I \ 
. tRCD 

7Z69577.2 

Fig. 5 Waveforms showing recovery times for SD and CD; minimum SD and CD pulse widths. 

1 (Janua 1995  191 



HEF4013B 
flip-flops 

APPLICATION INFORMATION 

Some examples of applications for the HEF4013B are: 

• Counters/dividers 
• Registers 
• Toggle flip-flops 

D --~--

clock 

D O 

CP FF 
1 

D O 

FF 
CP 2 

O 1 
D O -► O 

CP FF n 

O -

7Z82332 

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

clock 

1
J 

T- type flip-flop 

D O 

CP FF 
2 

O 1

D O 

CP FF 
n 

—+ O 

7282333 

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

clock 

7Z82334 

Fig. 8 Typical application of the HEF4013B in a modified ring counter; divide-by-(n + 1). 
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HEF4014B 
MSI 

8-BIT STATIC SHIFT REGISTER 

The HEF4014B is a fully synchronous edge-triggered 8-bit static shift register with eight synchronous 
parallel inputs (P0 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 (O5 to O7). 

Operation is synchronous and the device is edge-triggered on the LOW to HIGH transition of CP. Each 
register stage is of a D-type master-slave flip-flop. When PE is HIGH, data is loaded into the register from 
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 

9 

7 6 5 4 13 14 15 1 

PE 

PO P1 P2 P3 P4 P5 P6 P7

11 

10 CP 
CP D1 SHIFT REGISTER D7 

8-BITS 

O5 O6 O7

Z69525.3 

7269482 

Fig. 2 Pinning diagram. 

2 12 3 

Fig. 1 Functional diagram. 

HEF4014BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4014BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4014BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designatcr North America 

FAMILY DATA 
s' o Fam ily Specifications 

'DD LIMITS category MSI 
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8-bit static shift register 

PINNING 

PE parallel enable input 

PO to P7 parallel data inputs 

DS serial data input 

CP clock input (LOW to HIGH edge-triggered) 

O5 to O7 buffered parallel outputs from the last three stages 

FUNCTION TABLES 

Serial operation 

inputs outputs 

n CP DS PE O5 O6 O7 

1 1 D1 L X X X 
2 J D2 L X X X 
3 I D3 L X X X 
6 I X L D1 X X 
7 f X L D2 D1 X 
8 f X L D3 D2 D1 

\ X X no change 

Parallel operation 

HEF4014B 
MSI 

n 

inputs outputs 

CP D5 PE O5 O6 O7 

1 J 
\ 

X 
X 

H 
X 

P5 
no 

P6 P7 
change 

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 
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 

VDD 
V 

typical formula for P (µW) where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load cap. (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

900 fi + E(foCL) x VDD2
4300 fi + E(foCL) x VDD2

12000 fi + E(fOCL) x VDD2
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HEF4014B 
MSI 

A.C. CHARACTERISTICS 

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

VDDv symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
Cp —i- 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 

5 115 230 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 

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 times 5 40 10 ns 
PE —i CP 10 tsu 25 5 ns 

15 15 0 ns 

5 35 —5 ns 

DS —► CP 10 tsu 25 —5 ns 
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 1 CP 10 t hold 20 0 ns 

see also waveforms 
Fig. 4 

15 15 0 ns 

5 30 15 ns 
DS CP 10 thold 20 10 ns 

15 15 7 ns 

5 30 15 ns 
Pn — CP 10 thold 20 10 ns 

15 15 7 ns 

Minimum clock 5 70 35 ns 
pulse width; LOW 10 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 
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8-bit static shift register 
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HEF4014B 
MSI 

 J  
APPLICATION INFORMATION 

Some examples of applications for the HEF4014B are: 

• Parallel-to-serial converter 
• Serial data queueing 
• General purpose register 
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HEF4015B 
MSI 

DUAL 4-BIT STATIC SHIFT REGISTER 

The HEF4015B is a dual edge-triggered 4-bit static shift register (serial-to-parallel converter). Each shifl: 
register has a serial data input (D), a clock input (CP), four fully buffered parallel outputs (O0 to O3) 
and an overriding asynchronous master reset input (MR). Information present on D is shifted to the 
first register position, and all the data in the register is shifted one position to the right on the LOW-to-
HIGH transition of CP. A HIGH on MR clears the register and forces O0 to O3 to LOW, independent 
of CP and D. Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock 
rise and fall times. 

7 DA O0A 5 

SHIFT O1A 4 
9 C PA

REGISTER O2A 3 
4-BITS 

O3A 10 

6 M RA 1 
15 DB O0B 13 

SHIFT O1B 12 
1 CPB

REGISTER O2B 11 
4-BITS 

O3B 2 

14 MRB

PINNING 

DA, DB 
MRA, MRB 

CPA, CPB 

O0A' °1A. O2A O3A 

O0B' O1B' O26. O3B 

7Z69526.2 

7Z69483 

Fig. 2 Pinning diagram. 

HEF4015BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4015BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4015BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

Fig. 1 Functional diagram. 

serial data input 

master reset input (active HIGH) 

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

parallel outputs 

parallel outputs 

APPLICATION INFORMATION 

Some examples of applications for the HEF4015B are: 

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

FAMILY DATA 
} see Family Specifications 

IDD LIMITS category MSI 
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HEF40156 
MSI 

LOGIC DIAGRAM (one register) 

CP—

R4R ' 7Z69696.3 

D O 

CP FF 
1 

CD 

O 2

Q A A 

FF 
2 

FF 
3 

FF 
4 

Fig. 3 Logic diagram. 

FUNCTION TABLE 

inputs outputs 

n CP D M R O0 O1 O2O3 

1 f D1 L D1 X X X 
2 f D2 L D2 D1 X X 
3 f D3 L D3 D2 D1 X 
4 f D4 L D4 D3 D2 D1 

Z 
X 

X 
X 

L 
H 

no change 
L L L L 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
f = positive-going transition 
1 = negative-going transition 
Dn = either HIGH or LOW 
n = number of clock pulse transitions 

O 3
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Dual 4-bit static shift register 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 5 20 ns 

HEF4015B 
MSI 

VDD 
V 

symbol min. typ. max. 
typical extrapolation 

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 
D CP 10 tsu 25 —10 ns 

15 20 —5 ns 

Hold time 5 40 20 ns 
D 1 CP 10 thold 20 10 ns 

15 15 8 ns 

Minimum clock 
pulse width; LOW 

5 
10 
15 

tWCPL 
60 
30 
20 

30 
15 
10 

ns 
ns 
ns 

see 
F 

ig waveforms 
Figs 4 and 5 

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 

Dynamic power 
dissipation per 
package (P) 

VDD 
V 

5 
10 
15 

typical formula for P (µW) 

1 500 f1 + 2;(foCL) x VDD2
6300 f1 + (foCL) x VDD 2

17000f1 + E(fOCL) x VDD 2

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(fOCL) = sum of outputs 
VDD = supply voltage (V) 
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MSI 

CP INPUT 

D INPUT 

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 

50% 

7Z69695 

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

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 VDD 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 VDD current provided the voltage at the terminals 
of the switch is maintained within the supply voltage range; VDD > (VY, VZ) VSS. Inputs Y and Z 
are electrically equivalent terminals. 

13 1 
ED 0 

{ 

ZO 

2 

5 4 6 8 12 11 
E1 1 E2 Y2 E3 3 

Z Z2 Z3 

3 9 

Fig. 1 Functional diagram. 

PINNING 

ED to E3 enable inputs 

YD to Y3 input/output terminals 

Z0 to Z3 input/output terminals 

VDD 

E0

VSS 

10 

7Z69571. 
7Z69484 

Fig. 2 Pinning diagram. 

HEF4016BP(N): 14-lead DIL; plastic (SOT27-1) 
HEF4016BD(F): 14-lead DIL; ceramic (cerdip) (SOT73) 
HEF4016BT(D): 14-lead SO; plastic (SOT108-1 
( ): Package Designator North America 

APPLICATION INFORMATION 

Some examples of applications for the HEF4016B are: 

• Signal gating 

• Modulation 

• Demodulation 

• Chopper 
YO

VDD -N

i 

VDD -1/ I4- VSS 

Z0

7Z69694.3 

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

RATINGS 

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

Power dissipation per switch 

For other RATINGS see Family Specifications 

D.C. CHARACTERISTICS 

Tamb = 25 OC; VSS = 0 V (unless otherwise specified) 

P max. 100 mW 

parameter VDD symbol typ. max. unit conditions 

5 8000 — S2 En at VIH 
ON resistance 10 RON 230 690 St Vis = 0 to VDD 

15 115 350 S2 l see Fig. 4 

5 140 425 SZ En at VIH 
ON resistance 10 RON 65 195 S2 VI = VSS 

15 50 145 St ) see Fig. 4 

5 170 515 S2 1 En at VIH 
ON resistance 10 RON 95 285 S2 Vis= VDD 

15 75 220 t J see Fig. 4 

'O' ON resistance 5 200 — S2 I En at VIH 
between any two 10 IRON 15 - S2 V15 = 0 to VDD 
channels 15 10 — S2 ) see Fig. 4 

parameter 
VDD 

V symbol 
Tamb (° C) 

—40 + 25 + 85 
min. max. min. max. min. max. 

unit condition 

Quiescent 5 — 1,0 - 1,0 - 7,5 µA VSS = 0; all 
device 10 IDID - 2,0 - 2,0 - 15,0 µA valid input 
current 15 — 4,0 - 4,0 - 30,0 µA combinations; 

Vl = VSS or VDD 
Input leakage 

current at En
15 ± IIN — — — 300 - 1000 nA En at VSS or VDD 

OFF-state 
leakage 5 — — — — — — nA l En at VI L; 
current, any 10 IOZ — — — — — — nA Vis = VSS or VDD; 
channel OFF 15 — — — 200 — — nA I Vos = VDD or VSS 

En input 5 — 1,5 — 1,5 — 1,5 V switch OFF; 
voltage LOW 10 VIL - 3,0 - 3,0 - 3,0 V see Fig.9 

15 — 4,0 - 4,0 - 4,0 V for IOZ 
En input 5 3,5 — 3,5 — 3,5 — V low-impedance 

voltage HIGH 10 VIH 7,0 - 7,0 - 7,0 — V between Y and 
15 11,0 - 11,0 - 11,0 — V Z (ON condition) 

see RON switch 
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Quadruple bilateral switches 

J  

Fig. 4 Test set-up for measuring RON. 

200 

RON 
121 

100 

7Z84150.1 

VDD  
b y 

15v 

0  
0 4 8 12 16 

Vi5 (V) 

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

En >VIH 
hi = 100 µA 
VSS=0V 

HEF4016B 
gates 
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HEF4®16B 
gates 

A.C. CHARACTERISTICS VSS = 0 V; Tamb = 25 OC; input transition times 20 ns 

VDD symbol typ. max. 

Propagation delays 
V15- Vos 5 25 50 ns 

HIGH to LOW 10 tPHL 10 20 ns i note 1 
15 5 10 ns 1 

5 20 40 ns 
LOW to HIGH 10 tPLH 10 20 ns note 1 

15 5 10 ns 

Output disable times 
En Vos 5 90 130 ns 

HIGH 10 tpHZ 80 110 ns note 2 
15 75 100 ns 

5 85 120 ns 
LOW 10 tPLZ 75 100 ns note 2 

15 75 100 ns 

Output enable times 
En -s Vos 5 40 80 ns 

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 

Distortion, sine-wave 5 — % 
response 10 0,08 % I note 3 

15 0,04 % 1 

Crosstalk between 5 — MHz 
any two channels 10 1 MHz note 4 

15 — MHz 

Crosstalk; enable 5 — mV l 
input to output 10 50 mV note 5 

15 — mV 

OFF-state 5 — MHz ) 
feed-through 10 1 MHz i note 6 

15 — MHz 1 

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

15 — MHz 

VDD 
V 

typical formula for P (µW) where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P)* 

5 
10 
15 

550 fi + E(fOCL) x VDD2
2600 fi + E(foCL) x VDD2
6 500 fi + E(foCL) x VDD2

* All enable inputs switching. 
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Quadruple bilateral switches HEF4016B 
gates 

NOTES 

Vis is the input voltage at a Y or Z terminal, whichever is assigned as input. 
VO5 is the output voltage at a Y or Z terminal, whichever is assigned as output. 

1. RL = 10 kS2 to VSS; CL = 50 pF to VSS; En = VDD; Vis = VDD (square-wave); see Figs 6 and 10. 
2. RL = 10 kS2; CL = 50 pF to VSS% En = VDD (square-wave); 

Vis = VDD and RL to VSS for tpHZ and tpZH; 
Vis = VSS and R L to VDD for tpLZ and tpZL; see Figs 6 and 11. 

3. RL = 10 k&2; CL = 15 pF; En = VDD; Vis ='/2VDD(p-p) (sine-wave, symmetrical about'hVDD); 
fis = 1 kHz; see Fig. 7. 

4. RL = 1v S2;( VV)s = Y2VDD(p_p) (sine-wave, symmetrical about'/2VDD); 

20 log 
V s s  (A1 

= 50dB; En (A) = VSS; En (B) = VDD; see Fig. 8. 

5. RL = 10 kSl to VSS; CL = 15 pF to VSS; En = VDD (square-wave); crosstalk is IVo5I (peak value); 
see Fig. 6. 

6. RL = 1 kS2; CL = 5 pF; En = VSS% Vis ='hVDD(p_p) (sine-wave, symmetrical about Y2VDD); 

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

7. RL = 1 kS2; CL = 5 pF; En = VDD; Vis ='hVDD(p p) (sine-wave, symmetrical about'/2VDD); 

20 log — = —3 dB; see Fig. 7. 
Vis 
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HEF4016B 
gates 

 J  

Fig. 6. 

(a) 

Vos 

vss 

E, (B) 

Fig. 8. 

Fig. 7. 

Ioz 

Fig. 9. 

(b) 

VDD 

7Z84?48.1 

switch B 

VO (B) 

V55 

7Z74580.2 
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Quadruple bilateral switches 

En INPUT 

Vos ( 1 ) 

Vos (2) 

Vis 

Vos 

20 ns 20 ns 

90% 

50% 

10% 

/50% 

1PLH tPHL 

HEF4016B 
gates 

VDD 

VSS 

7279897 

Fig. 10 Waveforms showing propagation delays from Vis to Vos• 

20 ns 20 ns 

90% 

50% 

10% 

  10% 

tPZH 

\90% 

tPHZ 

tPZL —.. tPLZ 

90% 

f 

10% 

(1) Vis at VDD; (2) Vis at VSS. 

Fig. 11 Waveforms showing output disable and enable times. 

VDD 

VSS 

7Z79898 
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HEF4017B 
MSI 

5-STAGE JOHNSON COUNTER 

The HEF4017B is a 5-stage Johnson decade counter with ten spike-free decoded active HIGH outputs 
(00 to Og), an active LOW output from the most significant flip-flop (05_g), active HIGH and active 
LOW clock inputs (CP0,CP1) and an overriding asynchronous master reset input (MR). 

The counter is advanced by either a LOW to HIGH transition at CP0 while CP1 is LOW or a HIGH to 
LOW transition at CP1 while CP0 is HIGH (see also function table). 

When cascading counters, the 05_g 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 (00 = 05.9 = HIGH; 01 to Og = LOW) independent of the 
clock inputs (CPO, CPi)• 
Automatic code correction of the counter is provided by an internal circuit: following any illegal code 
the counter returns to a proper counting mode within 11 clock pulses. 

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

13 CP 

14 CPO

15 MR 

7Z69564.3 

7Z6g485 

Fig. 2 Pinning diagram. 

5 —STAGE JOHNSON COUNTER 

DECODING AND OUTPUT CIRCUITRY 

PINNING 

CP0 clock input (LOW to HIGH 
CP1 clock input (HIGH to LOW 
MR master reset input 
O0 to Og decoded outputs 
05_g carry output (active LOW) 

FAMILY DATA 

IDD LIMITS category MSI 

0 

3 

01

2 
02 103 
4 17 

04

10 
05 106 
1 5 

0 

6 

Fig. 1 Functional diagram. 

08 

9 

12 

09 

11 

HEF4017BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4017BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4017BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

triggered) 
triggered) 

see Family Specifications 
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5-stage Johnson counter 

J  

FUNCTION TABLE 

MR CPO CP1 operation 

H X X 00 = 05_g = H; 01 to Og = L 
L H \ Counter advances 
L I L Counter advances 
L L X No change 
L X H No change 
L H ! No change 
L \ L No change 

HEF4017B 
MSI 

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

A.C. CHARACTERISTICS 

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

VDO 
V symbol min. typ. max. 

typical extrapolation 
formula 

Propagation delays 
CPO, CP1 i00 to Og 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 

5 125 250 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 

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 --► 01 to Og 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 tPLH 45 90 ns 34 ns+ (0,23 ns/pF) CL 

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

MR --► 00 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 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

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

1 (Janua 1995 213 



HEF4017B 
MSI 

A.C. CHARACTERISTICS 

VSg = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

VDDV symbol min. typ. max. 

Hold times 5 90 45 ns 
CP0 - CP1 10 thold 40 20 ns 

15 20 10 ns 

5 80 40 ns 
CP1 --► CPO 10 thold 40 20 ns 

15 30 10 ns 

Minimum clock 
pulse width: 5 

twcPL = 80 40 ns 
CP0 LOW; 

—HIGH 1 —

10 
15 t1NCPH 

40 
30 

20 
15 

ns 
ns 

see also waveforms 
Figs4and5 

Minimum MR 5 50 25 ns 
pulse width; HIGH 10 tWMRH 30 15 ns 

15 20 10 ns 

Recovery time 5 60 30 ns 
for MR 10 tRMR 30 15 ns 

15 20 10 ns 
Maximum clock 5 6 12 MHz 

pulse frequency 10 fmax 12 24 MHz 
15 15 30 MHz 

VDD 
V typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

500 fi + E(foCL) x VDDZ 
2200 fi + E(foCL) x VDD Z
6000 fi + E(fOCL) x VDD Z

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load cap. (pF) 
E (foCL) = sum of outputs 
VDD = supply voltage (V) 
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5-stage Johnson counter  J  
CPO INPUT 

CP1 INPUT 

50% 

t hold f 

HEF4017B 
MSI 

/500/0 50% 

tWCPH 

50% 

t hold 

Fig. 4 Waveforms showing hold times for CP0 to CP1 and CP1 to CPO. 
Hold times are shown as positive values, but may be specified as negative values. 

CPO INPUT 

MR INPUT /50 

tWCPL —~ 

50% 7 

—~ tRMR 

.*-

50°/o 

50% 

7Z69574.2 

7Z 69 576 .1 

Fig. 5 Waveforms showing recovery time for MR; minimum CP0 and MR pulse widths. 

Conditions: CPS = LOW while CP0 is triggered on a LOW to HIGH transition. 
tyyCp and tRMR also apply when CPO = HIGH and CP1 is triggered on a 
HIGH to LOW transition. 

1 
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CPp INPUT

CPS INPUT

MR INPUT 

O0 OUTPUT 

 PL 

O1 OUTPUT 1 

Oz OUTPUT 

O 3 OUTPUT 

O4 OUTPUT 

O 5 OUTPUT 

O6 OUTPUT 

O 7 OUTPUT 

O$ OUTPUT 

O 9 OUTPUT 

O5_9 OUTPUT 

r 

1 

1 
1 

Fig. 6 Timing diagram. 

S~ 

{ 7Z84126 
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5-stage Johnson counter HEF4017B 
MSI 

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. 

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

clock 

MR 
_ CPO 

—O CP1 
HEF40176 

00 01----0809 

9 decoded 
outputs 

—O 

MR 
CPO 

CP1 HEF4017B 

00 01----08 09 

8 decoded 
outputs 

MR 

---- CPO 

first stage 

CP1 HEF40178 

01------08og 

8 decoded 
outputs 

intermediate stages last stage 

Fig. 7 Counter expansion. 

7284127 

Note 

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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HEF4018B 
MSI 

PRESETTABLE 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 (P0 to P4), five active LOW buffered outputs (O0 to 
O4), 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 O0 to O4 to D, the counter operates as a divide-by-n counter (n = 2 to 10; see also function 
selection below). Each register stage is a D-type master-slave flip-flop with a set-direct/clear-direct 
input. An internal code correction circuit provides automatic code correction of the counter. 
From any illegal code the counter is in a proper counting mode within 11 clock pulses. 

A HIGH on MR resets the counter (O0 to O4 = HIGH) independent of all other inputs. 

2 3 7 9 12 

[P0 P1 P2 P3 P4

10 PL PARALLEL LOAD 
CIRCUITRY 

1 D CD /SD
14 CP 

COUNTER 
15 MR 

O0 O1 O2 O3 O4

I13 5 4 6 11 

7Z69527.3 

Fig. 1 Functional diagram. 

FUNCTION SELECTION 

cou nter 
mode; 

divide by 

connect 
D input 

to 
remarks 

10 O4 no external 
8 O3 components 
6 O2 needed 
4 O_1 
2 O0 

9 O3' 24 AND gate 
7 O2' 23 needed; 
5 O_1O2 counter 
3 O0' O1 skips all 

HIGH states 

Fig. 2 Pinning diagram. 

HEF4018BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4018BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4018BT(D): 16-lead SO; plastic 
(SOT109-1) 

1 ): Package Designator North America 

PINNING 

PL 
PO to P4 
D 
CP 
_MR _ 
O0 to O4 

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 

'DD LIMITS category MSI 
see Family Specifications 
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Presettable divide-by-n counter 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times 20 ns 

HEF4018B 
MSI 

VDD 
V 

typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

700 fi + E(foCL) x VDDZ
3450 fi + E(foCL) X VDDZ

10300 f1+ E(foCL) x VDDZ

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 5 20 ns 

VDD V symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
CP ---► O 5 185 370 ns 158 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 65 135 ns 54 ns+ (0,23 ns/pF) CL 
15 50 95 ns 42 ns + (0,16 ns/pF) CL 

5 145 295 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 85 ns 32 ns+ (0,16 ns/pF) CL 

PL —i O 5 205 415 ns 178 ns+ (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 70 140 ns 59 ns+ (0,23 ns/pF) CL 

15 50 105 ns 42 ns+ (0,16 ns/pF) CL 

5 175 350 ns 148 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 65 125 ns 54 ns+ (0,23 ns/pF) CL 

15 50 95 ns 42 ns+ (0,16 ns/pF) CL 

MR — O 5 140 280 is 113 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 55 105 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 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 

1 
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HEF4018B 
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A.C. CHARACTERISTICS 

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

L 

VDD 
V symbol min. typ. max. 

typical extrapolation 
formula

I 
Set-up time 5 130 65 ns 

D — ► CP 10 tsu 40 20 ns 
15 30 15 ns 

Hold time 5 20 —45 ns 
D 1 CP 10 thold 5 —15 ns 

15 5 —10 ns 
Minimum clock 5 140 70 ns 

pulse width; LOW 10 tWCPL 50 25 ns 
15 40 20 ns 

Minimum MR pulse 
width; HIGH 

5 
10 tWMRH

100 
35 

50 
20 

ns 
ns 

see also waveforms 

15 25 15 ns 
Figs 4, 5 and 6 

Minimum PL pulse 5 145 75 ns 
width; HIGH 10 tWPLH 50 25 ns 

15 35 20 ns 

Recovery time 5 135 70 ns 
for MR 10 tRMR 40 20 ns 

15 25 15 ns 

Recovery time 5 170 85 ns 
for PL 10 tRPL 55 30 ns 

15 40 20 ns 
Maximum clock 5 2 4 MHz 

pulse frequency 10 fmax 6 11 MHz 
15 8 16 MHz 

CP INPUT 

MR INPUT 

~-t WMRH~ tRMR 

/50O/ O 50% 

50% 

t 

7Z 69633.1 

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

0 INPUT 

/50O/ O \50 O/O 50 

HEF4018B 
MS I 

Fig. 5 Waveforms showing minimum clock pulse width, set-up time and hold time for CP and 0. 

CP INPUT 

PL INPUT 

P„ INPUT 

s- tWPLH~ 

/50O/ O

tRPL 

50% 

50 

f 

7Z69662.1 

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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HEF4019B 
MSI 

QUADRUPLE 2-INPUT MULTIPLEXER 

The HEF4019B provides four multiplexing circuits with common select inputs (SA, SB); each circuit 
contains two inputs (An, Bn) 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 + Be). When SA and SB are 
LOW, output (On) is LOW independent of the multiplexer inputs. 

9 

6 7 4 5 2 3 15 1 
60 A B A 2 2 

14 

O0 O1 O2

A 3 3 

10 11 12 

Fig. 1 Functional diagram. 

16 15 14 13 12 11 10 I' I 

VDD A3 SB O3 O2 

HEF4019B 

SA 

B3 A2 B2 Al B1 A0 B0 VSS 

uuuuuuuu 

7Z69487.1 

Fig. 2 Pinning diagram. 

PINNING 

SA, SB select inputs (active HIGH) 

A0 to A3 multiplexer inputs 

FAMILY DATA 

13 
7Z69542.3 

HEF4019BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4019BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4019BT(D): 16-lead SO; plastic 
(SOT109-1) 

( 1: Package Designator North America 

B0 to B3 

O0 to O3 

see Family Specifications 

multiplexer inputs 

multiplexer outputs 

IDD LIMITS category MSI 
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HEF4019B 
MSI 

SB 

SA 

Fig. 3 Logic diagram. 

TRUTH TABLE 

select inputs output 

SA SB An Bn On

L 
H 
H 
L 
L 
H 
H 
H 

L 
L 
L 
H 
H 
H 
H 
H 

X 
L 
H 
X 
X 
H 
X 
L 

X 
X 
X 
L 
H 
X 
H 
L 

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 
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Quadruple 2-input multiplexer 

A.C. CHARACTERISTICS 

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

HEF4019B 
MS I 

VDD V 
symbol s y

t 
yp' 

max. 
typical extrapolation 

formula 

Propagation delays 
An, Bn, SA, SB —i On 5 70 145 ns 43 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 30 60 ns 19 ns+ (0,23 ns/pF) CL 
15 25 50 ns 17 ns+ (0,16 ns/pF) CL 

5 60 130 ns 33 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 25 50 ns 14 ns+ (0,23 ns/pF) CL 

15 15 35 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 

VDD 
V 

typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1200 fi + E(foCL) x VDDz
5100 fi + E(foCL) x VDDz

18700 fi + E(foCL) x VDDz

APPLICATION INFORMATION 

An example of an application for the HEF4019B is: 

• True/complement selection. 

1 
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HEF4020B 
MSI 

14-STAGE BINARY COUNTER 

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 (O0, O3 to O13). 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 VDD = 15 V). 

10 

11 

C PO

MR 

T 

CD

12-STAGE COUNTER 

O0 O3 O4 O5 O6 O7 O8 O9 O10 O11 O12 O13 
9 

7173680.3 
7 5 4 6 13 12 14 15 1 

Fig. 1 Functional diagram. 

7Z69,88 

Fig. 2 Pinning diagram. 

HEF4020BP(N): 16-lead Dl L; plastic 
(SOT38-1) 

HEF4020BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4020BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

PINNING 

CP clock input (HIGH to LOW edge triggered) 

MR master reset input (active HIGH) 

O0, O3 to O13 parallel outputs 

FAMILY DATA 
see Family Specifications 

2 3 

'DD LIMITS category MSI 
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14-stage binary counter HEF4020B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 5 20 ns; see also waveforms Fig. 4 

VDD 
V symbol min. typ. max. 

typical extrapolation 
formula 

Propagation delays 
CP --► O0 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 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 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 
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 

VDD 
V 

typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

600 fi + E(foCL) x VDD2
2800 fi + E(foCL) x VDD2
8200 fi + E(f0CL) x VDD2

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load cap. (pF) 
E(foCL) =sum of outputs 
VDD = supply voltage (V) 
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HEF4020B 
MS I 

MR INPUT I50% 

J 

tWMRH 

CP INPUT 

tPHL~ 

O0 or On
OUTPUT 

50% 

~ - tRMR 

\50% 

-rn--- tPLH 

f tWCPH 
! — tPHL 

7Z75389 

Fig. 4 Waveforms showing propagation delays for MR to On and CP to O0, minimum MR and CP 
pulse widths. 
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14-stage binary counter 
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HEF4021B 
MSI 

8-BIT STATIC SHIFT REGISTER 

The HEF4021 B is an 8-bit static shift register (parallel-to-serial converter) with a synchronous serial 
data input (DS), a clock input (CP), an asynchronous active HIGH parallel load input (PL), eight 
asynchronous parallel data inputs (P0 to P7) and buffered parallel outputs from the last three stages 
(O5 to O7). 

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 CP and DS. When 
PL is LOW, data on 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 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 

lF6

15 1 

9 PL 

PO P1 P2 P3 P4 P5 P7

11 DS 

10 CP 

SD/CD 
D SHIFT REGISTER 

8 -BITS 
CP 

O5

)Z69530.4 2 12 3

O6 O7

7ZB94B9 

Fig. 2 Pinning diagram. 

Fig. 1 Functional diagram. 

HEF4021 BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4021BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4021 BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

PINNING 

PL parallel load input 

PO to P7 parallel data inputs 

DS serial data input 

CP clock input (LOW to HIGH edge-triggered) 

O5 to O7 buffered parallel outputs from the last three stages 

FAMILY DATA 
see Family Specifications 

IDD LIMITS category MSI 
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8-bit static shift register 

FUNCTION TABLES 

Serial operation 

inputs outputs 

n CP DS PL O5 O6 O7 

1 I D1 L X X X 
2 I D2 L X X X 
3 I D3 L X X X 
6 I X L D1 X X 
7 I X L D2 D1 X 
8 I X L D3 D2 D1 

. X L no change 

Parallel operation 

inputs outputs 

n CP DS PL O5 O6 O7 

X X H P5 P6 P7 

HEF4021B 
MSI 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
j = positive-going transition 
1 = negative-going transition 
Dn =either HIGH or i.OW 
n = number of clock pulse transitions 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

UDD 
V symbol min. typ. max. 

typical extrapolation 
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 
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HEF4021B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

VDD 
V 

symbol min. typ. max. 

Set-up times 5 25 —15 ns 
DS--►CP 10 tsu 25 —10 ns 

15 15 —5 ns 

5 50 25 ns 

Pn —► PL 10 tsu 30 10 ns 
15 20 5 ns 

Hold times 5 40 20 ns 
DS---►CP 10 thold 20 10 ns 

15 15 8 ns 

5 15 —10 ns see also waveforms 
Pn —+ PL 10 thold 15 0 ns Figs 4 and 5 

15 15 0 ns 

Minimum clock 5 70 35 ns 
pulse width; LOW 10 tWCPL 30 15 ns 

15 24 12 ns 

Minimum PL 5 70 35 ns 
pulse width; HIGH 10 t~NPLH 30 15 ns 

15 24 12 ns 

Recovery time 5 50 10 ns 
for PL 10 tRPL 40 5 ns 

15 35 5 ns 

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

15 20 40 MHz 

VDD 
V 

typical formula for P (µW) where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) =sum of outputs 
VDD = supplyvoltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

900 f; + E(fOCL) x VDDz 
4300 fi + E(foCL) x VDDz

12000 f1+ E(foCL) x VDDz
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8-bit static shift register 

CP INPUT 

DS INPUT 

50 °/o 

HEF4021B 
MSI 

7Z69661 

tsu ~thold 

50% 50% 

t • — tWCPL~ 

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

CP INPUT 

PL INPUT 

P„ INPUT 

.-

/50 O/ 

/50O/ O

tRPL 

50% 

r 

7269662 t 

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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HEF4022B 
MSI 

4-STAGE DIVIDE-BY-8 JOHNSON COUNTER 

The HEF4022B is a 4-stage divide-by-8 Johnson counter with eight spike-free decoded active HIGH 

outputs (O0 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 CP0 while CP1 is LOW or a HIGH to 
LOW transition at CP1 while CP0 is HIGH (see also function table). Either CP0 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 (O0 = 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 C 

14 CP0

15 MR 

4 -STAGE JOHNSON COUNTER 

DECODING AND OUTPUT CIRCUITRY 

0 0 2 04 05 0 07

04-7 12 

7Z69565.2 

Vpp MR CP0 CPS 04-7 O4 07 n.c. 

D 
01 

HEF4022B 

0o O 2 05 O 6 n.c. O 3 Vss 

7Z69L90 
Fig. 2 Pinning diagram. 

2 

PINNING 

CP0 clock input (LOW to HIGH; 

CP1 clock input (HIGH to LOW; 

MR master reset input 

O0 to 07 decoded outputs 

04.7 carry output (active LOW) 

FAMILY DATA 

IDD LIMITS category MSI 1 

1 3 7 11 4 5 10 

Fig. 1 Functional diagram. 

HEF4022BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4022BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4022BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

edge-triggered) 

edge-triggered) 

see Family Specifications 
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4-stage divide-by-8 Johnson counter 

FUNCTION TABLE 

MR CPO CP1 operation 

H X X 00=04.7=H; 01 to 07=L 
L H l 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 

HEF4022B 
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 

A.C. CHARACTERISTICS 

VS8 = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 5 20 ns 

VDT 
V 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
CPO, CP1 —i 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 ns + (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 --i 01 to 07 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 --► 00 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/p F ) 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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HEF4022B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 5 20 ns 

VDDV 
symbol min. typ. max. 

Hold times 5 140 70 ns 
CP0 CP1 10 thold 50 25 ns 

15 30 15 ns 

5 170 85 ns 
CP1 — ► CPO 10 thold 60 30 ns 

15 40 20 ns 

Minimum clock 5 75 35 ns 
pulse width 10 twcp 30 15 ns 

15 20 10 ns see also waveforms 

Minimum MR 5 70 35 ns Figs 4 and 5 
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 

VDD 
V typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

475 fl + Elfoc1 x VDDZ
2400 fi + E(foCL) x VDDZ
6700 fi + E(foCL) x VDDZ

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 
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4-stage divide-by-8 Johnson counter 

CPO INPUT 

CP1 INPUT 

50% 

--► t hold 

HEF4022B 
MSI 

50% 50% 

tWCPH  

t hold 

50°%o

f 

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. 

CPO INPUT 

MR INPUT 

On OUTPUT 

4— tWCPI —~ 

50% 7 

—ø tRMR 

50% 

— tWMRH~ 

50% 

50% 

7Z69574.Z 

7Z69578.1 

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

Conditions: CPS = LOW while CP0 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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HEF4022B 
MSI 

 J  

CPC INPUT

CPI INPUT 

MR INPUT 

O0 OUTPUT 

O1 OUTPUT 

O2 OUTPUT 

O3 OUTPUT 

O4 OUTPUT 

O5 OUTPUT 

O6 OUTPUT 

O7 OUTPUT 

O4_7 OUTPUT 

Fig. 6 Timing diagram. 

7Z69803.2 
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4-stage divide-by-8 Johnson counter HEF4022E 
MSI 

 J  

APPLICATION INFORMATION 

Some of the features of the HEF4022B are: 
• High speed 

• Spike-free decoded outputs 
• Carry output for cascading 

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

clock 

MR MR MR 
CPO CPO CPO 

_-0 apt HEF4022B —O~Pi 
HEF4022B O HEF4022B CPS 

O0 O1----O6O7 O0 OL----O6 O7 O1 -O6O7 

~ J
7 decoded 6 decoded 6 decoded 

outputs outputs outputs 

first stage intermediate stages last stage 

Fig. 7 Counter expansion. 

7Z851t1 
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HEF4023B 
gates 

TRIPLE 3-INPUT NAND GATE 

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

7Z 69566 

Fig. 1 Functional diagram. 

7Z69491 

Fig. 2 Pinning diagram. 

HEF4023BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4023BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4023BT(D): 14-lead SO; plastic 
(SOT108-1) 

U: Package Designator North America 
I 1 

~O 
12

O- ✓ 
- O1 

13 

Fig. 3 Logic diagram (one gate). 

FAMILY DATA 

7Z74507.1 

see Family Specifications 
IDD LIMITS category GATES 
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HEF4023B 
gates 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

VDD 
V 

symbol typ. max. 
typical extrapolation

formula 

Propagation delays 
In ---. On 5 65 135 ns 38 ns+ (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 25 50 ns 14 ns+ (0,23 ns/pF) CL 
15 15 30 ns 7 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 25 45 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 

VDD typical formula for P (µW) fih ere input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(fOCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1200 fi + E(foCL) x VDDZ
5500 fi + E(foCL) x VDDZ

16400 fi + E(f0CL) x VDDZ
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HEF4024B 
MSI 

7-STAGE BINARY COUNTER 

The HEF4024B is a 7-stage binary ripple counter with a clock input (CP), and overriding asynchronous 
master reset input (MR) and seven fully buffered parallel outputs (O0 to O6►. The counter advances on 
the HIGH to LOW transition of CF. 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. 

7Z69492 

Fig. 2 

PINNING 

CP clock input (HIGH to LOW triggered) 

MR master reset input 

O0 to O6 buffered parallel outputs 

1 CP 

2 MR 

IT 

 ICD 7 -STAGE COUNTER 

O0 O 1 O2 O3 O4 O5 O6

7Z69531.4 

Pinning diagram. 

APPLICATION INFORMATION 

Some examples of applications for the HEF4024B are: 

• Frequency dividers 
• Time delay circuits 

FAMILY DATA 
see Family Specifications 

9 612 11 5 4 3 

Fig. 1 Functional diagram. 

HEF4024BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4024BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4024BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

IDD LIMITS category MSI 
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7-stage binary counter HEF4024B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times S 20 ns; see also waveforms Fig. 4 

VDDV 
symbol min. typ. max. 

typical extrapolation 
formula 

Propagation delays 
CP —i O0 5 100 200 ns 73 ns+(0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 40 75 ns 29 ns+ (0,23 ns/pF) CL 
15 25 50 ns 17 ns+ (0,16 ns/pF).CL 

5 105 210 ns 78 is + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 45 85 ns 34 ns+ (0,23 ns/pF) CL 

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

On —i On + 1 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 20 40 ns 9 ns+ (0,23 ns/pF) CL 

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

MR On 5 120 240 ns 93 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 

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 60 30 ns 
pulse width; HIGH 10 tWCpH 30 15 ns 

15 20 10 ns 

Minimum MR 5 80 40 ns 
pulse width; HIGH 10 tWMRH 35 20 ns 

15 25 15 ns 

Recovery time 5 20 10 ns 
for MR 10 tRMR 15 5 ns 

15 15 5 ns 

Maximum clock 5 5 10 MHz 
pulse frequency 10 fmax 13 25 MHz 

15 18 35 MHz 

VDD 
V 

typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

500 fi + E(foCL) x VDD2
2100 fi + E(foCL) x VDD2
5200 fi + E(foCL) x VDD2

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load cap. (pF) 
E(foCLl=sum of outputs 
VDD = supply voltage (V) 
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HEF4024B 
MSI 

MR INPUT 

CP INPUT 

O0 or O~ 

OUTPUT 

/50% 

ttWMRH~ 
ftRMR 

\50% 

~tPHL y .__tPLH 

 / \ r 
f tWCPH y 

-tPHL 

7Z69741.2 

Fig. 4 Waveforms showing propagation delays for MR to On and CP to 00, minimum MR and P 
pulse widths and recovery time for MR. 
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HEF4025B 
gates 

TRIPLE 3-INPUT NOR GATE 

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

3 I1 
4 I2 01 6 
5 I3 
1 I4 
2 IS 02

• 

9 
8 Ig 
11 I7 
12 I8 3 10 

13 Iy 
° 

7Z 69548 

Fig. 1 Functional diagram. 

12 
13

Fig. 3 Logic diagram (one gate). 

7Z74506.1 

7Z69493 

Fig. 2 Pinning diagram. 

HEF4025BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4025BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4025BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

FAMILY DATA 
see Family Specifications 

'DD LIMITS category GATES 
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HEF4025B 
gates  J  

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times X20 ns 

VDD 
v 

symbol typ. max. 
typical extrapolation 

formula 

Propagation delays 
In — ► On 5 70 135 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 60 120 ns 33 ns + (0,55 ns/pF) CL 

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

15 15 35 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 

VD D typical formula for P (µW1 
f here ut (MHz) — input i q• 
fo = output freq. (MHz) 

Dynamic power 5 900 fi + E(fOCL) x VDD 2 CL = load capacitance (pF) 
dissipation per 10 4000 fi + E(fOCL) x VDD 2 E(foCL) = sum of outputs 
package (P) 15 10 900 fi + E(fOCL) x VDD 2 VDD = supply voltage (V) 
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HEF4027B 
flip-flops 

DUAL JK FLIP-FLOP 

The HEF4027B is a dual JK flip-flop which is edge-triggered and features indepedent set direct (SD), 
clear direct (CD), clock (CP) inputs and outputs (O,O). 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 (CD) 
and set-direct (SD) 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 

10 

13 

11 

12 

SD1 
J1 O1 

CP1 FF 

K1 O 

CD1 

7 

6 

3 

5 

4 

S D2 
J2 O2 

CP2 FF 

K2 O2 

CD2 

15 

14 

2 

7Z69532.1 

Fig. 1 Functional diagram. 

7Z 69494 

Fig. 2 Pinning diagram. 

FAMILY DATA 

IDD LIMITS category FLIP-FLOPS I 

FUNCTION TABLES 

inputs outputs 

SD CD CP J K O O 

H L X X X H L 
L H X X X L H 
H H X X X H H 

inputs outputs 

SD CD CP J K On + 1 On + 1 

L 
L 
L 
L 

L 
L 
L 
L 

J 
I 
J 
I 

L 
H 
L 
H 

L 
L 
H 
H 

no change 
H 
L 
On

L 
H 
On

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

PINNING 

J,K synchronous inputs 
CP clock input ( L to H edge-triggered) 
SD asynchronous set-direct input (active HIGH) 
CD asynchronous clear-direct input (active HIGH) 
O true output 
O complement output 

HEF4027BP(N): 16-lead DIL; plastic (SOT38-1) 
HEF4027BD(F): 16-lead DIL; ceramic (cerdip) (SOT74) 
HEF4027BT(D): 16-lead SO; plastic (SOT109-1) 
I ): Package Designator North America 

see Family Specifications 
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HEF4027B 
flip-flops 

CP~ 

C 

7Z75370.2 

—Do—~— .—t o o 

  C 

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

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 0C; CL = 50 pF; input transition times 20 ns 

HEF4027B 
flip-flops 

VDD 
V 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
CP 1  O, O 5 105 210 ns 78 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 27 ns + (0,23 ns/pF) CL 

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

SD -► O 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 

CD — O 5 120 240 ns 93 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tpHL 45 90 ns 33 ns+ (0,23 ns/pF) CL 

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

CD --► 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 

Output transition 
times 5 60 120 ns 10ns+ (1,0ns/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 50 25 ns 
J, K — CP 10 tsu 30 10 ns 

15 20 5 ns 

Hold time 5 25 0 ns 
J, K — CP 10 thold 20 0 ns 

15 15 5 ns 

Minimum clock 5 80 40 ns see also waveforms 
pulse width; LOW 10 tWCPL 30 15 ns Figs 4 and 5 

15 24 12 ns 

Minimum SD, CD 5 90 45 ns 
pulse width; HIGH 10 tWSDH, 40 20 ns 

15 tWCDH 30 15 ns 

Recovery time 5 20 —15 ns 
for SD, CD 10 tRSD' 15 -10 ns 

15 tRCD 10 —5 ns 
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HEF4027B 
flip-flops 

A.C. CHARACTERISTICS 

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

VDDV symbol min typ max 

Maximum clock 
pulse frequency 
J = K = HIGH 

5 
10 
15 

fmax 

4 
12 
15 

8 
25 
30 

MHz 
MHz 
MHz 

see also waveforms 
Fig. 4 

VDDV typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL)=sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

900 fi + E(foCL) x VDD2
4500fi+E(foCL) xVDD2

13 200 fi + E(foCL) x VDD2

1 'max 
f  tWCPL -' 

CP INPUT 

J,K INPUT 

/50% 

thold f 

tsu 

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

 J  flip-flops 

SD INPUT 5o% 

CD INPUT 

CP INPUT 

~ tWSDH' 

~ tRSD 

 I 

50% 

~ tWCDH -

50 

tRCD 

O OUTPUT 

7269577.2 

Fig. 5 Waveforms showing recovery times for SD and CD; minimum SD and CD pulse widths. 

APPLICATION INFORMATION 

Some examples of applications for the HEF4027B are: 

• Registers 

• Counters 

• Control circuits 
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HEF4028B 
MSI 

1-OF-10 DECODER 

The HEF4028B is a 4-bit BCD to 1-of-10 active HIGH decoder. A 1-2-4-8 BCD code applied to inputs 
A0 to A3 causes the selected output to be HIGH, the other nine will be LOW. If desired, the device 
may be used as a 1-of-8 decoder with enable; 3-bit octal inputs are applied to inputs A0, Al  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 (O0 to O7) 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 

PINNING 

A0 to A3

O0 to O9

A0 Al A2 A3

DECODER 

O0 O1 O2 O3 O4 O5 O6 O7 O8 O9

6 73 14 2 15 1 4 9 5 

Fig.1 Functional diagram. 

7Z69495 

Fig.2 Pinning diagram 

HEF4028BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4028BD(F): 16-lead Dl L; ceramic (cerdip) 
(SOT74) 

HEF4028BT(D): 16-lead SO; plastic 
(SOT109-1) 

U: Package Designator North America 

address inputs, 1-2-4-8 BCD 

outputs (active HIGH) 

FAMILY DATA 
see Family Specifications 

'DO LIMITS category MSI 

7273681.1 
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HEF4028B 
MSI 

A0

Al

A2 D~----Do 

A3

Fig. 3 Logic diagram. 

 Do> 
Do—N 
Do-N 
Do--D 

Do-N 
Do-N O9 

1 

2 

3 

4 

5 

6 

8 

7Z69960.2 
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1-of-10 decoder 

TRUTH TABLE 

HEF4028B 
MSI 

inputs outputs 

A3 A2 Al A0 O0 O1 O2 O3 Oq O5 O6 O7 Og Og 

L 
L 
L 
L 
L 
L 
L 
L 
H 
H 

L 
L 
L 
L 
H 
H 
H 
H 
L 
L 

L 
L 
H 
H 
L 
L 
H 
H 
L 
L 

L 
H 
L 
H 
L 
H 
L 
H 
L 
H 

H 
L 
L 
L 
L 
L 
L 
L 
L 
L 

L 
H 
L 
L 
L 
L 
L 
L 
L 
L 

L 
L 
H 
L 
L 
L 
L 
L 
L 
L 

L 
L 
L 
H 
L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
H 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
H 
L 
L 
L 
i_ 

L 
L 
L 
L 
L 
L 
H 
L 
L 
L 

L 
L 
L 
L 
L 
L 
L 
H 
L 
L 

L 
L 
L 
L 
L 
L 
L 
L 
H 
L 

L 
L 
L 
L 
L 
L 
L 
L 
L 
H 

H 
H 
H 
H 
H 
H 

L 
L 
H 
H 
H 
H 

H 
H 
L 
L 
H 
H 

L 
H 
L 
H 
L 
H 

L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 

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

* Extraordinary states. 
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HEF4028B 
MSI  J~ 

A.C. CHARACTERISTICS 

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

VDD
v symbol typ. max. 

typical extrapolation 
formula 

Propagation delays 
An 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

5 90 180 ns 63 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

VDD
v typical formula for P (µW) 

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

350 fi + E(foCL) x VDD2
2200 fi +E(fOCL) x VDD2
7350 fi + E(foCL) x VDD2
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HEF4029B 
MSI 

SYNCHRONOUS UP/DOWN COUNTER, 
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 control input (UP/DN), a 
binary/decade control input (BIN/DEC), an overriding asynchronous active HIGH parallel load input 
(PL), four parallel data inputs (P0 to P3), four parallel buffered outputs (O0 to O3) 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 transit n of CP when CE and PL are LOW. 
The TC signal is normally HIGH and goes LOW when the counter reaches its maximum count in the 
UP mode, or the minimum count in the DOWN mode provided CE is LOW. 

1 PL 15 CP 
5 9 CE BIN/DEC O 

4 12 13 3 IP0 P1 IP2 P3 PARALLEL LOAD CIRCUITRY 

10 UP/ON 
7Z73683.3 

CD /SDCOUNTER 
O0 O1 O211 74 O36 2 

Fig. 1 Functional diagram. 

PINNING 

PL parallel load input 

PO to P3 parallel data inputs 

BIN/DEC binary/decade control input 

UP/ ) up/down control input 

CE count enable input (active LOW) 

CP clock input (LOW to HIGH, edge triggered) 

O0 to O3 buffered parallel outputs 

TC terminal count output (active LOW) 

TC 

FAMILY DATA 

IDD LIMITS category MSI 
( see Family Specifications 

7 

16 15 14 13 12 „ ,0 I' I 
VDD CP 02 P2 P1 01 UP/ BIN/ 

HEF4029B 
DN DEC 

PL 03 P3 PO CE 00 TC VSS 

I.?I IW L31WWWIJW 7Z73682.1 
Fig. 2 Pinning diagram. 

HEF4029BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4029BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4029BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ) package Designator North America 

1 
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HEF4029B 
MSI 

PL 
V 

CP 

UP; 
DN 

CE — 

O DO 

BIN/ —~ 
DEC 

O 

Do 
 ►C 

 ►d 
 ►e 

7Z75387 

Fig. 3a Logic diagram (continued in Fig. 3W. 
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Synchronous up/down counter, binary/decade counter 

a 

b 

d 
e -0-------

9 
h ► 

k ► 

P1 P2 

f 

HEF4029B 
MSI 

0-O 

-O 

-O 

-O 

~O 

FF 
2 

O 

r~ 

FF 
3 

-O 

O 

P3

FF 
4 

m 

n 

O 

Op 

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

7Z75388 
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HEF4029B 
MSI 

FUNCTION TABLE 

PL UP/DN CE CP mode BIN/DEC 

H 
L 
L 
L 
L 
L 

X 
X 
L 
L 
H 
H 

X 
X 
L 
H 
L 
H 

X 
H 
L 
L 
L 
L 

X 
X 
I 
I 
I 
f 

parallel load (Pn --► On) 
no change 
count-down, decade 
count-up, decade 
count-down, binary 
count-up, binary 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
I = positive-going cicck pulse edge 
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Synchronous up/down counter, binary/decade counter 

J  

count up ---- count down 7Z69575 

Fig.4 State diagram; BIN/DEC= LOW. 

14 s 

count up ----count down 7Z69576 

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

Logic equation for terminal count: 

HEF4029B 
MSI 

TC = CE (BIN/DEC UP/DN O0 O1.O2.O3 + BIN/DEC UP/DN O0 O1 O2O3 + 

BIN/DEC•UP/DN O0O3 + BIN/ •UP/5 O0O1 O2 O3) 
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HEF4029B 
MSI 

 J \ 
A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times 5 20 ns 

VDDV typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1000 fi + E(foCL) x VDD2
4500 fi + E(foCL) x VDD2

11 500 f1+ E(foCL) x VDD2

A.C. CHARACTERISTICS 

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

VDD V symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
CP --► On 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 75 ns 32 ns+ (0,16 ns/pF) CL 

5 160 315 ns 133 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 60 120 ns 49 ns + (0,23 ns/pF) CL 

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

CP —* TC 5 280 560 ns 253 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tpHL 105 205 ns 94 ns+ (0,23 ns/pF) CL 

15 70 140 ns 62 ns + (0,16 ns/pF) CL 

5 195 385 ns 168 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 75 150 ns 64 ns + (0,23 ns/pF) CL 

15 55 105 ns 47 ns + (0,16 ns/pF) CL 

PL 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 

5 170 335 ns 143 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 

CE —+ TC 5 180 360 ns 153 ns + (0,55 ns/pF) CL 
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 

5 170 335 ns 143 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 65 135 ns 54 ns+ (0,23 ns/pF) CL 

15 50 100 ns 42 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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Synchronous up/down counter, binary/decade counter J  
A.C. CHARACTERISTICS 

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

HEF4029B 
MS I 

VDD V symbol min typ max 

Minimum clock 5 110 55 ns 
pulse width; LOW 10 tWCPL 35 20 ns 

15 25 15 ns 

Minimum PL 5 160 80 ns 
pulse width; HIGH 10 tWPLH 55 25 ns 

15 35 15 ns 

Recovery time 5 150 75 ns 
for PL 10 tRPL 50 25 ns 

15 35 20 ns 

Set-up times 5 270 135 ns 
BIN/DEC —~ CP 10 tsu 90 45 ns 

15 60 30 ns 

5 300 150 ns 
UP/DN CP 10 tsu 105 55 ns 

15 75 35 ns 

5 240 120 ns 
CE CP 10 tsu 90 50 ns 

15 70 40 ns see also waveforms 
5 70 35 ns Figs 6 and 7 

Pn —► PL 10 tsu 20 10 ns 
15 10 5 ns 

Hold times 5 45 —90 ns 
BIN/DEC —► CP 10 thold 15 —30 ns 

15 10 -20 ns 

5 15 —135 ns 
UP/DN CP 10 thold 0 -50 ns 

15 —5 —35 ns 

5 30 -30 ns 
CE CP 10 thold 10 -10 ns 

15 5 —10 ns 

5 15 —20 ns 
Pn —► PL 10 thold 0 -10 ns 

15 0 —5 ns 

Maximum clock 5 2 4 MHz 
pulse frequency 10 fmax 5 10 MHz 

15 8 15 MHz 
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HEF4029B 
MS I 

CP INPUT /50 0/0 50°/o 50 ° /o 50 0/0 

tnold —► 
tt su 

50O/o

F -t W C Pty •— 

CE INPUT 50O/O

50 ° /o /50 0/05BIN/DEC INPUT 

~-_- t s u —i t hold ~— t su t hold 

UP~DN INPUT /50O/ O 50O/O /50 0/0

f --  tsu —• 4•— thold * tsu_if — thold 
7Z73816.1 

Fig. 6 Waveforms showing minimum pulse width for CP, set-up and hold times for CE to CP, BIN/DEC 

to CP and UP/DN to CP. Set-up and hold times are shown as positive values but may be specified as 

negative values. 

CP INPUT 

PL INPUT 

P„ INPUT 

50O/O

~ tWP d- tRPL~ 

50O/o

7Z73817.! 

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. 

274 January 1995 



Synchronous up/down, binary/decade counter HEF4029B 
MSI 
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HEF4029B 
MSI 
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 J L Synchronous up/down counter, binary  /decade counter HEF4029B 
MSI 

APPLICATION INFORMATION 

Some examples of applications for the HEF4029B are: 

• Programmable binary and decade counting/frequency synthesizers - BCD output. 

• Analogue-to-digital and digital-to-analogue conversion. 

• Up/down binary counting. 

• Magnitude and sign generation. 

• Up/down decade counting. 

• Difference counting. 
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HEF4029B 
MSI 
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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. 

72695.9 

Fig. 1 Functional diagram. 

Fig. 3 Logic diagram (one gate). 

JWLJW WL 
7 Z 69496 

Fig. 2 Pinning diagram. 

HEF4030BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4030BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4030BT(D): 14-lead SO; plastic 
(SOT108-1) 

U: Package Designator North America 

O1

7Z74505.1 

TRUTH TABLE 

11 12 O1 

L L L 
H L H 
L H H 
H H L 

H = HIGH state (the more 

FAMILY DATA ( positive voltage) 
see Family Specifications L = LOW state (the less 

IDD LIMITS category GATES J positive voltage) 

1 
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HEF4030B 
gates 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

VDD V symbol typ. max. 
typical extrapolation 

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 22 ns+ (0,16 ns/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 

VDD V typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1 100 fi + E(foCL) x VDD2
4900 fi + E(foCL) x VDD2

14400 fi + E(fOCL) x VDD2
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HEF4031B 
MSI 

64-STAGE STATIC SHIFT REGISTER 

The HEF4031 B is an edge-triggered 64-stage static shift register with two serial data inputs (DA, DB), a 
data select input A/B, a clock input (CP), a buffered clock output (CO), and buffered outputs from the 
64th bit position (O63, O63) The output O63 is capable of driving one TTL load. 

Data from DA or DB, 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 DB 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 OB3 of the most right-hand register until the most left-hand 
register is clocked. 

10 
A/B 

15 DA

1 DB

2 CP 

64 -STAGE 

STATIC SHIFT 

REGISTER 

O63 6 

O63 7 

CO 9 

7Z69497.1 

Fig. 2 Pinning diagram. 

7Z69534.2 

Fig. 1 Functional diagram. 

PINNING 

DA, DB data inputs 

A/B data select input 

CP clock input (LOW to HIGH edge-triggered) 

CO buffered clock output 

O63 buffered output from the 64th stage 

O63 complementary buffered output from 
the 64th stage 

HEF4031BP(N): 16-lead DIL; plastic (SOT38-1) 
HEF4031 BD(F): 16-lead DIL; ceramic (cerdip) (SOT74) 
HEF4031BT(D): 16-lead SO; plastic (SOT109-1) 
( ): Package Designator North America 

FAMILY DATA 
} see Family Specifications. 

Ipp LIMITS category MSI 
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HEF4031B 
MSI  J  

Fig. 3 Logic diagram. 

7Z69824. 1 

D.C. CHARACTERISTICS 

VSS = 0 V; VI = VSS or VDD 

O63 

CO 

VDD 
V 

VOH 
V 

VOL 
V 

symbol 
Tamb (°C) 

—40 +25 +85 
min. max. min. max. min. max. 

Output (source) 5 4,6 1,0 0,85 0,65 mA 
current 10 9,5 -'OH 3,0 2,5 2,0 mA 
HIGH; O63 15 13,5 10,0 8,5 6,5 mA 

HIGH; O63 5 2,5 -IOH 3,0 2,5 2,0 mA 

Output (sink) 4,75 0,4 2,7 2,3 1,8 mA 
current 10 0,5 IOL 9,5 8,0 6,3 mA 
LOW; O63 15 1,5 24,0 20,0 16,0 mA 
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64 stage static shift register 

A.C. CHARACTERISTICS 

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

VDT 
V symbol min. typ. max, 

typical extrapolation 
formula 

Propagation delays 
CP --► O63 5 180 360 ns 167 ns + (0,26 ns/pF) CL 

HIGH to LOW 10 tPHL 65 130 ns 57 ns + (0,16 ns/pF) CL 
15 45 90 ns 40 ns + (0,11 ns/pF) CL 

5 170 340 ns 148 ns + (0,45 ns/pF) CL 
LOW to HIGH 10 tpLH 65 130 ns 56 ns + (0,19 ns/pF) CL 

15 45 90 ns 39 ns + (0,13 ns/pF) CL 

CP ---► O63 5 190 380 ns 163 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tpHL 75 150 ns 64 ns+ (0,23 ns/pF) CL 

15 50 100 ns 42 ns + (0,16 ns/pF) CL 

5 190 380 ns 163 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 75 150 ns 64 ns + (0,23 ns/pF) CL 

15 50 100 ns 42 ns + (0,16 ns/pF) CL 

CP —+ CO 5 70 140 ns 43 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 55 110 ns 28 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 5 25 50 ns 5 ns + (0,40 ns/pF) CL 
times; O63 10 tTHL 12 24 ns 3 ns + (0,18 ns/pF) CL 

HIGH to LOW 15 8 16 ns 2 ns + (0,13 ns/pF) CL 

5 40 80 ns 8 ns + (0,65 ns/pF) CL 
LOW to HIGH 10 tTLH 20 40 ns 5 ns + (0,30 ns/pF) CL 

15 13 26 ns 3 ns + (0,20 ns/pF) CL 

Output transition 
times; O63, CO 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 

HEF4031B 
MSI 
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HEF4031B 
MSI 

A.C. CHARACTERISTICS 

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

VDD 
V 

symbol min. typ. max. typical extrapolation 
formula 

Set-up times 5 25 0 ns 
DA, DB —+ CP 10 tsu 25 —5 ns 

15 10 -10 ns 

5 30 10 ns 
A/B --► CP 10 tsu 15 0 ns 

15 10 —5 ns 

Hold times 5 40 10 ns see also waveforms 
DA, DB --► CP 10 thold 40 10 ns Fig. 4 

15 40 10 ns 

5 40 10 ns 
A/B 1  CP 10 thold 40 10 ns 

15 40 10 ns 
Minimum clock 

pulse width; 5 180 90 ns 
LOW 10 tWCPL 70 35 ns 

15 50 25 ns 

Maximum clock 5 2,5 5 MHz 
pulse frequency 10 fmax 7 14 MHz 

15 10 20 MHz 

A.C. CHARACTERISTICS 

VSS = 0 V; Tomb = 25 °C; input transition times 20 ns 

VDD 
V 

typical formula for P (µW) where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

4000 fi + E(foCL) x VDD2
1900011 +  (fOCL) x VDD2
54 000 fi + E(foCL) x VDD2
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64-stage static shift register 

CP INPUT 

r tWCPL_ 

DA,DB INPUT 

A/B INPUT 

HEF4031B 
MSI 

7Z74595 

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 HEF4031 B is: 

• Serial shift register. 
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HEF4031B 
MSI 
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HEF4035B 
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 (P0 to P3), two synchronous serial data inputs (J, K), a synchronous 
parallel enable input (PE), buffered parallel outputs from all 4-bit positions (O0 to O3), 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 HIGH 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 (O0 to O3) are either inverting or non-inverting, depending on T/C state. With T/C HIGH, 
O0 to O3 are non-inverting (active HIGH) and when TIC is LOW, O0 to O3 are inverting (active LOW). 

A HIGH on MR resets all four bit positions (O0 to O3 = LOW if T/C = HIGH, O0 to O3 = 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. 

Fig. 1 Functional diagram. 
FAMILY DATA 

IDD LIMITS category MSI 

PARALLEL ENABLE CIRCUITRY 

SHIFT REGISTER 4 -BITS 
Cn 

TRUE /COMPLEMENT CIRCUITRY 

see Family Specifications 
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HEF4035B 
MSI 
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4-bit universal shift register 

PINNING 

PE 

PO to P3 

J 

K 

V00 01 O 2 03 P3 P2 Pi PO

HEF4035B 

00 T/C K J MR CP PE Vss 

7Z6998 

Fig. 3 Pinning diagram. 
HEF4035BP(N): 16-lead DIL; plastic 

(SOT38-1) 
HEF4035BD(F): 16-lead DIL; ceramic (cerdip) 

(SOT74) 
HEF4035BT(D): 16-lead SO; plastic 

(SOT109-1) 
H: Package Designator North America 

parallel enable input 

parallel data inputs 

first stage J-input (active HIGH) 

first stage K-input (active LOW) 

FUNCTION TABLES 

Serial operation first stage 

HEF4035B 
MSI 

CP clock input (LOW to HIGH edge-
triggered) 

TIC true/complement input 

MR master reset input 

O0 to O3 buffered parallel outputs 

inputs output 
mode of operation 

CP J K MR O0+1 

I 
I 

I 
I 
X 

H 

L 

H 

L 

X 

H 

L 

L 

H 

X 

L 

L 

L 

L 

H 

H 

L 

O0 

O0 

L 

D flip-flop 

D flip-flop 

toggle 

no change 

reset 

Parallel operation 

CP 
inputs outputs 

PD P1 P2 P3 O0 O1 O2 O3 

f 
f 

H 
L 

H 
L 

H 
L 

H 
L 

H 
L 

H 
L 

H 
L 

H 
L 

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

TI C = HIGH; PE = LOW 

T/C= HIGH; PE = HIGH; MR = LOW 

1 
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HEF4035B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

Vnn 

v 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
CP --► On 5 170 340 ns 143 ns + (0,55 ns/pF) CL 

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 78 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 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 
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4-bit universal shift register 

A.C. CHARACTERISTICS 

VS5 = 0 V; Tamb = 25°C CL = 50 pF; input transition times 20 ns 

HEF4035B 
MSI 

VDDV symbol min. typ. max. 

Minimum clock 5 80 40 ns 
pulse width; LOW 10 tWCpL 40 20 ns 

15 30 15 ns 

Minimum MR 5 50 25 ns 
pulsewidth; HIGH 10 tWMRH 30 15 ns 

15 20 10 ns 

Recovery time 5 50 20 ns 
for MR 10 tRMR 40 15 ns 

15 25 10 ns 

Set-up times 5 40 5 ns 
Pn —► CP 10 tsu 25 0 ns 

15 15 0 ns 

5 50 25 ns 
PE --► CP 10 tsu 35 15 ns see also waveforms 

15 30 10 ns Figs 4 and 5 

5 55 40 ns 
J, K —► CP 10 tsu 35 15 ns 

15 25 10 ns 

Hold times 5 25 10 ns 
Pn — ► CP 10 thold 20 10 ns 

15 20 10 ns 

5 15 —5 ns 
PE —i► CP 10 thold 10 —5 ns 

15 5 —5 ns 

5 10 —5 ns _ 
J, K —► CP 10 thold 10 0 ns 

15 10 0 ns 

Maximum clock 5 5 10 MHz 
pulse frequency 10 fmax 12 25 MHz 

15 15 30 MHz 

VDD 
v 

typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load cap. (pF) 

(fOCL) = sum of outputs 
VDD = supplyvoltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1 000 fi + E(foCL) x VDD2
6 000 fi + E(fOCL) x VDD2

20000 fi + E(fOCL) x VDD2

1 
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HEF4035B 
MSI 
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4-bit universal shift register 

CP INPUT 

MR INPUT 

~- tWMRH' 

/500/0

tRMR 

50% 

50°% 

4-

HEF4035B 
MSI 

7Z 696337 

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 

uDD 

right shift 
serial input 

reset 

clock 

left/right 
shift select 

uDD O1 O2 O3 P3 P2 P1 PO 

HEF4035B 

O0 TIC K J MR CP PE uSS 

7Z842s1 

O 
left 

 
shift

0 serial output
O1

O2

O3 rigt shift 
serial output 

Fig. 6 Shift-left/shift-right register. 
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HEF4040B 
MSI 

12-STAGE BINARY COUNTER 

The HEF4040B is a 12-stage binary ripple counter with a clock input (CP), an overriding asynchronous 
master reset input (MR) and twelve fully buffered outputs (O0 to O11). The counter advances on the 
HIGH to LOW transition of F. 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. Schmitt-trigger action in the clock 
input makes the circuit highly tolerant to slower clock rise and fall times. 

10 

11 

CPO

MR 

T 
12-STAGE COUNTER 

CD 

7Z69536.3 

Fig. 2 Pinning diagram. 

O0 O1 O2 O3 O4 O5 O6 O7 O8

13 12 

Og 1O10 
14 15 

O11 
9 7 6 5 3 2 4 1 

Fig. 1 Functional diagram. 

HEF4040BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4040BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4040BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

PINNING 

CP clock input (HIGH to LOW edge-triggered) 
MR master reset input (active HIGH) 

Op to O1 1 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 

1DD LIMITS category MSI 
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HEF4040B 
MSI 

J  

CP 

MR 

7 Z69839.4 
O11 O0

Fig. 3 Logic diagram. 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

VDD 
V 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
CP --~ O0 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 

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 

On —~ On + 1 5 35 70 ns note (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 15 30 ns note (0,23 ns/pF) CL 

15 10 20 ns note (0,16 ns/pF) CL 

5 35 70 ns note (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 15 30 ns note (0,23 ns/pF) CL 

15 10 20 ns note (0,16 ns/pF) CL 

MR — On 5 90 180 ns 63 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 

Note 

For other loads than 50 pF at the nth output, use the slope given. 
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12-stage binary counter 

A.C. CHARACTERISTICS 

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

HEF4040B 
MSI 

VDDV symbol min. typ. max. 

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 

VDD V 
typical formula for P (µW) 

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load cap. (pF) 
E(foCL)=sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

400 fi + E(foCL) x VDDZ
2000fi+E(fOCL)xVDD2
5200 fi + E(foCL) x VDDZ

MR INPUT 1 50% 

J 

CP INPUT 

-tWMRH-- .

tPHL 

O0 or O~ 
OUTPUT 

50% 

~tRMR 

\50% 

~tPLH 
f tWCPH y 

~tPHL 

7Z75389 

Fig. 4 Waveforms showing propagation delays for MR to On and CP to O0, minimum MR and CP 
pulse widths. 
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HEF4041B 
buffers 

QUADRUPLE TRUE/COMPLEMENT BUFFER 

The HEF4041 B is a quadruple true/complement buffer which provides both an inverted active LOW 
output (O) and a non-inverted active HIGH output (O) for each input (I). 
The buffers exhibit high current output capability suitable for driving TTL or high capacitive loads. 

7Z75422.1 

7Z73664.1 

Fig. 2 Pinning diagram. 

HEF4041BP(N): 14-lead Dl L; plastic 
(SOT27-1) 

HEF4041 BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4041 BT(D): 14-lead SO plastic 
(SOT108 1) 

( ): Package Designator North America 

Fig. 1 Functional diagram. 

Fig. 3 Logic diagram (one buffer). 

APPLICATION INFORMATION 
Some examples of applications for the HEF4041 B are: 

• LOCMOS to DTL/TTL converter 

• High current sink and source driver 

FAMILY DATA l 
see Family Specifications 

IDD LIMITS category BUFFERS 1 
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HEF4041B 
buffers 

J  
D.C. CHARACTERISTICS 

VSS=0V;V1=V38orVDD 

VDD 
V 

VOH 
V 

VOL 
V 

symbol —40 
min. max. 

Tamb (°C) 
+25 

min. typ. 
+85 

min. max. 

Output (source) current 5 4,6 1,6 1,3 2,6 1,0 mA 
HIGH 10 9,5 -'OH 4,5 3,6 7,0 2,7 mA 

15 13,5 16,0 14,0 30,0 10,0 mA 

HIGH 5 2,5 -1OH 5,0 4,0 8,0 3,0 mA 

Output(sink)current 4,75 0,4 2,0 1,7 4,0 1,35 mA 
LOW 10 0,5 lO L 7,5 6,0 12,0 4,5 mA 

15 1,5 23,0 20,0 35,0 15,0 mA 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 5 20 ns 

VDD
v symbol min. typ. max. 

typical extrapolation 
formula 

Propagation delays 
In --~ On 5 30 65 ns 17 ns + (0,27 ns/pF) CL 

HIGH to LOW 10 tpHL 20 40 ns 14 ns+ (0,11 ns/pF) CL 
15 15 30 ns 12 ns+ (0,08 ns/pF) CL 

5 30 55 ns 17 ns+ (0,27 ns/pF) CL 
LOW to HIGH 10 tpLH 15 30 ns 9 ns+ (0,11 ns/pF) CL 

15 10 20 ns 7 ns+ (0,08 ns/pF) CL 

In —► On 5 35 75 ns 22 ns+ (0,27 ns/pF) CL 
HIGH to LOW 10 tpHL 20 40 ns 14 ns+ (0,11 ns/pF) CL 

15 15 30 ns 12 ns+ (0,08 ns/pF) CL 

5 35 75 ns 22 ns + (0,27 ns/pF) CL 
LOW to HIGH 10 tpLH 20 40 ns 14 ns + (0,11 ns/pF) CL 

15 15 30 ns 12 ns + (0,08 ns/pF) CL 

Output transition 
times 5 25 50 ns 5 ns+ (0,40 ns/pF) CL 
On - ► On 10 tTHL 12 25 ns 2 ns+ (0,21 ns/pF) CL 

HIGH to LOW 15 8 20 ns 1 ns+ (0,14 ns/pF) CL 

5 25 45 ns 5 ns+ (0,40 ns/pF) CL 
LOW to HIGH 10 tTLH 12 25 ns 2 ns+ (0,21 ns/pF) CL 

15 8 20 ns 1 ns+ (0,14 ns/pF) CL 

VDDV 
typical formula for P (µW) 

where 
f1 = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

3100 f1 + E(fOCL) x VDDZ
12700 f1+ E(foCL) x VDDZ
33 800 f1 + E(fOCL) x VDDZ
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HEF4042B 
MSI 

QUADRUPLE D-LATCH 

The HEF4042B is a 4-bit latch with four data inputs (D0 to D3), four buffered latch outputs (O0 to 
O3), four buffered complementary latch outputs (O0 to O3) and two common enable inputs (E0 and 
E1). Information on D0 to D3 is transferred to O0 to O3 while both E0 and E1 are in the same state, 
either HIGH or LOW. O0 to O3 follow D0 to D3 as long as both E0 and E1 remain in the same state. 
When E0 and E1 are different, Dg to D3 do not affect O0 to O3 and the information in the latch is 
stored. 
O0 to O3 are always the complement of O0 to O3. The exclusive-OR input structure allows the choice 
of either polarity for E0 and E1. With one enable input HIGH, the other enable input is active HIGH; 
with one enable input LOW, the other enable input is active LOW. 

FAMILY DATA 

O0 2 

O0 3 

O1 10 

1 

O2 11 

O2 12 

O3 1 

O3 15 

7Z69550.3 

Fig. 2 Pinning diagram. 

H EF4042B P(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4042BD(F): 16-lead Dl L; ceramic (cerdip) 
(SOT74) 

HEF4042BT(D): 16-lead SO; plastic 
(SOT109-1) 

H: Package Designator North America 

PINNING 

D0 to D3 

E0and E1 

O0 to O3 

Op to O3 

data inputs 

enable inputs 

parallel latch outputs 

complementary parallel latch outputs 

APPLICATION INFORMATION 

Some examples of applications for the 
HEF4042B are: 
• Buffer storage 
• Holding register 

Fig. 1 Functional diagram. 

see Family Specifications 
IDD LIMITS category MSI 
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HEF4042B 
MSI 

7zss746 2 

Fig. 3 Logic diagram. 

Fig. 4 Logic diagram (one latch). 

FUNCTION TABLE 

E0 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). 
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Quadruple O-latch 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 9C; CL = 50 pF; input transition times 20 ns 

HEF40426 
MSI 

VDD
v 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
D --y O, O 5 95 190 ns 67 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 40 80 ns 28 ns+ (0,23 ns/pF) CL 
15 30 55 ns 22 ns+ (0,16 ns/pF) CL 

5 85 175 ns 57 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 40 75 ns 28 ns+ (0,2.3 ns/pF) CL 

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

E —► O, O 5 130 260 ns 102 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tpHL 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 tPLH 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 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 30 10 ns 
D --► E 10 tsu 20 5 ns 

15 20 5 ns 

Hold time 5 15 —5 ns see also waveforms 
D —► E 10 thold 15 0 ns Figs 5 and 6 

15 15 0 ris 

Minimum enable 5 90 45 ns 
pulse width 10 tWE 40 20 ns 

15 30 15 ns 

VDD 
V 

typical formula for P (W) 

Dynamic power 
dissipation per 
package (P1 

5 
10 
15 

3800 fi + E(foCL) x VDDZ 

15700 fi + E(foCL) X VDDZ 
41 100 fi + E(foCL) x VDDZ

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) =sum of outputs 
VDD = supply voltage (V) 
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HEF4042B 
MSI 

D INPUT 

Eo or E1 INPUT 

OUTPUT 

1 

tPLH f

0 INPUT 

r ----' 

I 
50 0/o 500/o 50% 

L 

tPHL 

50 0/ 

50% 

OUTPUT 50 0/0 

*tPLH tPHLi 

f 

500/o 

7Z69745.1 

x500% 

500/o

7Z69744.1 

Fig. 5 Waveforms showing propagation delays for D to 0, with latch enabled. 

Note 

Either E0 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 

1 
1 

Eo or E1 INPUT *50O/O 

 J 

D INPUT 

r 

HEF4042B 
MSI 

50% 

7Z69743 

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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HEF4043B 
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 (S0 to S3), an active HIGH reset input (R0 to R3) and 
an active HIGH 3-state output (O0 to O3). 

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. 

7273687.3 

Fig. 1 Functional diagram. 

FAMILY DATA 

'DD LIMITS category MSI 

l 

1 
see Family 
Specifications 

7Z7'.596.2 

Fig. 2 Pinning diagram. 

HEF4043BP(N): 16-lead DIL; plastic (SOT38-1) 
HEF4043BD(F): 16-lead DIL; ceramic (cerdip) (SOT74) 
HEF4043BT(D): 16-lead SO; plastic (SOT109-1) 
U: Package Designator North America 

PINNING 

EO common output enable input 

S0 to S3 set inputs (active HIGH) 

R0 to R3 reset inputs (active HIGH) 

O0 to O3 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 
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HEF4043B 
MSI 

E0 -4> 7273759.3 

Fig. 3 Logic diagram. 

0— 03 

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 5 20 ns 

HEF4043B 
MSI 

VDD 
V 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
Rn —► 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 25 50 ns 17 ns + (0,16 ns/pF) CL 

Sn —+► On 5 65 135 ns 38 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 25 50 ns 14 ns+ (0,23 ns/pF) CL 

15 15 35 ns 7 ns+ (0,16 ns/pG) CL 

Output transition 5 60 120 ns 10 ns + (1,0 ns /pF) CL 
times 10 tTH L 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 
EO —► On 5 45 90 ns 

HIGH 10 tpHZ 20 35 ns 
15 10 25 ns 

5 50 100 ns 
LOW 10 tpLZ 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 see also waveforms 

Minimum Rn 5 30 15 ns Fig. 5 

pulse width; HIGH 10 tWRH 20 10 ns 
15 16 8 ns 

VDD 
V 

typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1100 fi+ E(foCL) x VDD2
4400 f1+ E(foCL) x VDD2

11 400 fi + E(foCL) x VDD2

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(f0CL) = sum of outputs 
VDD = supply voltage (V) 
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HEF4043B 
MSI 

Sn INPUT 50% 

tWSH — 

Rn INPUT +50% 

— tWRH 

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 

7273758.1 
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HEF4044B 
MSI 

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 (S0 to S3), an active LOW reset input (R0 to R3) and an 
active HIGH 3-state output (O0 to O3). 

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 OF F-state. EO does not affect the state 
of the latch. 
The high impedance off-state feature allows common busing of the outputs. 

0 13 
4 R0 

O1 9 

3-STATE 
OUTPUTS 

11 2 
O2 10 

12 R2 

15 3 
O3 

14 R3 

5 EO 

7Z73689.3 

Fig. 1 Functional diagram. 

FAMILY DATA 1 see Family 

IDD LIMITS category MSI j Specifications 

7Z736662 

Fig. 2 Pinning diagram. 

HEF4044BP(N): 16-lead DIL; plastic (SOT38-1) 
HEF4044BD(F): 16-lead DIL; ceramic (cerdip) (SOT74) 
HEF4044BT(D): 16-lead SO; plastic (SOT109-1) 
( ): Package Designator North America 

PINNING 

EO common output enable input 

SO to S3 set inputs (active LOW) 

R0 to R3 reset inputs (active LOW) 

O0 to O3 3-state buffered latch outputs 

FUNCTION TABLE 

inputs 
output 

EO Sn Rn On

L X X Z 
I-I 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 

1 
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HEF4044B 
MSI 

So

R0

R 

R3

53

EO —J 
7Z73812.3 

Fig. 3 Logic diagram. 

S 

0— O0 

(~- O2 

O-  O3 

O 

7Z82342 

Fig. 4 Logic diagram (one latch). 
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Quadruple R/S latch with 3-state outputs HEF4044B 
MSI 

A.C. CHARACTERISTICS 

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

VDD 
V symbol min. typ. max. 

typical extrapolation 
formula 

Propagation delays 
Rn — ► On 5 90 185 ns 63 ns+ (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 40 80 ns 29 ns+ (0,23 ns/pF1 CL 
15 30 60 ns 22 ns + (0,16 ns/pF) CL

Sn On 5 90 180 ns 63 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 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 
EO —► On 5 50 100 ns 

HIGH 10 tPHz 30 60 ns 
15 25 50 ns 

5 30 60 ns 
LOW 10 tpLZ 25 45 ns 

15 20 40 ns 

Output enable times 
EO — ► On 5 50 100 ns 

HIGH 10 tPZH 25 50 ns 
15 20 40 ns 

5 50 95 ns 
LOW 10 tPZL 25 45 ns 

15 20 35 ns 

Minimum Sn 5 30 15 ns 
pulse width; LOW 10 tWSL 20 10 ns 

15 16 8 ns see also waveforms 

Minimum Rn 5 30 15 ns Fig. 5 

pulse width; LOW 10 tWRL 20 10 ns 
15 16 8 ns 

VDD V 
typical formula for P (µW) 

where
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1300 fi + E(fOCL) x VDD2
5200 fi + E(foCL) x VDD 2

12900 fi + E(foCL) x VDD2
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Sn INPUT \50% 

tWSL~ 

Rn INPUT 50% 

tWR L 
7Z73813.1 

Fig. 5 Waveforms showing minimum Sn and Rn pulse widths. 

APPLICATION INFORMATION 

An example of application for the HEF4044B is: 

• Four-bit storage with output enable 

314 January 1995 I 



HEF4046B 
MSI 

J \ 

PHASE-LOCKED LOOP 

The HEF4046B is a phase-locked loop circuit that consists of a linear voltage controlled oscillator 
(VCO) and two different phase comparators with a common signal input amplifier and a common 
comparator input. A 7 V regulator (zener) diode is provided for supply voltage regulation if necessary. 
For functional description see further on in this data. 

PHASE 
COMPARATOR 

SIGNIN
COMPIN

,VCOO0T 

C1A

Cl 1  C16T 
R1 

-H I 
R 

VSS + . R2 R 2
-H I

INH 

14 

3 
13 

PHASE 
COMPARATOR 

6 i 

7 
SOURCE 10 

VCO FOLLOWER 

11 

12 

15 VSS 
(pin 

4

8) 

PC1OUT 

PC2OUT 

PCPOUT 

VCOIN 

SFOUT 

Fig. 1 Functional diagram. 

HEF4046BP(N): 16-lead DIL; plastic 
(SOT38-1 

HEF4046BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4046BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

FAMILY DATA: see Family Specifications 

VSS 

R3 

LOW-PASS 
FILTER 

T
C2 

VSS 

SF 

ZENER 

7Z73691.3 

'DD LIMITS category MSI: see further on in this data. 
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PCPOUT 1 

PC10UT 2 

COMRIN 3 

VCOOUT 4 

INH 5 

C1A 6 

C1B 7 

VSS 8 

7Z73690.1 

Fig. 2 Pinning diagram. 

FUNCTIONAL DESCRIPTION 

U 

HEF4046B 

16 VDD 

15  ZENER 

14 SIGNIN

13 PC 2 0UT 8. VSS 

12 R2 

11 R1 

Tfl SFOUT 

VCOI N 9 

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 

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. 

VCO part 

The VCO requires one external capacitor (Cl) and one or two external resistors (R1 or R1 and R2). 
Resistor R 1 and capacitor Cl 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 (SFOUT) 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 u s 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 Y2 VDD 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 (fo). The frequency capture range (2 fc) 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 00 and 1800 and is 900
at the centre frequency. Figure 3 shows the typical phase-to-output response characteristic. 

90O 180O
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 fO. 

SIGNIN

COMPIN
VCOOUT 

PC1 OUT 

VCOIN 

J 
J L 

7Z74624.1 

VDD 

VSS 

Fig. 4 Typical waveforms for phase-locked loop employing phase comparator 1 in locked condition 
of fO. 
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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 VDD or down to VSS respectively. This 
type of phase comparator only acts on the positive-going edges of the signals at SIGNIN and COMPIN• 
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 the n 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 the n 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, the n-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. 

SIGNIN

COMPIN
VCOOUT 

PC 2 OUT J _
f

 ___. VDD 

L---- high impedance OFF —state VSS 

VCOIN _/ 

PCPOUT ti 7274625.1 

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 '0' 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 the n-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. 

C~ S~ 

n— type driver ON 

n and p —type 
drivers are OFF 

p — type driver ON 

state number of 
the comparator 

logic state of 

logic state of 
comparator input (pin 3) 

signal input (pin 14) 

S f : 0 to 1 transition at the signal input. 
C . : 1 to 0 transition at the comparator input. 

Fig. 6 State diagram for comparator 2. 

7284459 
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D.C. CHARACTERISTICS 

VSS=0V 

VDD 
V

symbol —40 
typ. max. 

Tamb (° C) 
+25 

typ. max. 
+85 

typ. max. 

Supply current 5 — — 20 - - - µA 
(note 1) 10 'D - - 300 - - - µA 

15 - - 750 µA 

Quiescent device 5 — 20 - 20 - 150 µA 
current (note 2) 10 IDD - 40 - 40 - 300 µA 

15 - 80 - 80 - 600 µA 

Notes 

1. Pin 15 open; pin 5 at VDD; pins 3 and 9 at VSS; pin 14 open. 
2. Pin 15 open; pin 5 at VDD; pins 3 and 9 at VSS; pin 14 at VDD; input current pin 14 not included. 

A.C. CHARACTERISTICS 
VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 20 ns 

VDD V symbol min. typ. max. 

Phase comparators 

Operating supply 
voltage VDD 3 15 V 

Input resistance 
at SIGNIN

5 
10 RIN

750 
220 

kS2 
kSl 

l at self-bias l

15 140 kS2 J operating point 

A.C. coupled input 5 150 mV peak-to-peak values; 
sensitivity 10 VIN 150 mV l Al = 10 kSZ; R2 =
at SIGNIN 15 200 mV I C1 = 100pF; independent 

J of the lock range 
D.C. coupled input 

sensitivity at 
SIGNIN; COMPIN 5 1,5 V 

LOW level 10 V I L 3,0 V 
15 4,0 V full temperature range 
5 3,5 V 

HIGH level 10 VIH 7,0 V 
15 11,0 V 

Input current 5 7 µA 
at SIGNIN 10 + ' IN 30 µA SIGNIN at VDD 

15 70 µA 

5 3 µA 
10 -I IN 18 µA ISIGNINatVSS 
15 45 µA 
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A.C. CHARACTERISTICS VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 20 ns 

VDD 
V 

symbol min. typ. max. 

VCO 
Operating supply V 3 15 V as fixed oscillator only 

voltage DD 5 15 V phase-locked loop operation 

Power dissipation 5 150 µW fo = 10 kHz; R 1 = 1 MS2; 
10 P 2500 µW R2 = OO; VCOIN at 1/2 VDD; 
15 9000 µW ) see also Figs 10 and 11 

Maximum operating 5 0,5 1,0 MHz I VCOIN at VDD; 
frequency 10 fmax 1,0 2,0 MHz R1 = 10 kS2; R2 = OO; 

15 1,3 2,7 MHz ) C1 = 50 pF 

Temperature/ 5 0,22-0,30 %/°C no frequency offset 
frequency 10 0,04-0,05 %/°C I (min = o); 
stability 15 0,01-0,05 %/°C J see also note 1 

5 0-0,22 %/°C I with frequency offset 
10 0-0,04 %/°C I (min > 0); 
15 0-0,01 %/°C J see also note 1 

Linearity 5 0,50 % R1 >10 kS2 I see Fig. 13 
10 0,25 % R1>400 k≤2 and Figs 14 
15 0,25 % R1 = 1 MS2 115 and 16 

Duty factor at 5 50 % 
VCOOUT 10 S 50 % 

15 50 % 

Input resistance at 5 106 MS2 
VCOIN 10 RIN 106 MSt 

15 106 MS2 

Source follower 
Offset voltage 5 1,7 V I RSF = 10 kSt; 

VCOIN minus 10 2,0 V I VCOIN at 1/2 VDD 
SFOUT 15 2,1 V 1

5 1,5 V I RSF = 50k
10 1,7 V 

I 
VCOIN at 1/2 VDD 

15 1,8 V 

Linearity 5 0,3 % I RSF > 50 kSt; 
10 1,0 % see Fig. 13 
15 1,3 % 

J

Zener diode 
Zener voltage VZ 7,3 V IZ = 50 µA 

Dynamic resistance RZ 25 SL IZ = 1 mA 

Notes 
1. Over the recommended component range. 
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DESIGN INFORMATION 

characteristic using phase comparator 1 using phase comparator 2 

No signal on SIGNIN 

Phase angle between 
SIGNIN and COMPIN 

Locks on harmonics of 
centre frequency 

Signal input noise 
rejection 

Lock frequency 
range (2 fL) 

Capture frequency 
range (2 fC) 

Centre frequency (f0) 

VCO in PLL system adjusts 
to centre frequency (f0) 

900 at centre frequency (f0), 
approaching 00 and 1800 at 
ends of lock range (2 fL) 

yes 

VCO in PLL system adjusts 
to min. frequency (min) 
always 00 in lock 
(positive-going edges) 

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 fC = fL 
filter characteristics; fC < f L 

the frequency of the VCO when VCOIN at Y2VDD 

VCO component selection 

Recommended range for R1 and R2: 10 kS2 to 1 MS2; for C1: 50 pF to any practical value. 

1. VCO without frequency offset (R2 = oo). 
a. Given f0: use f0 with Fig. 7 to determine R1 and Cl. 
b. Given fmax calculate f0 from f0 = V2 fmax; use f0 with Fig. 7 to determine R 1 and Cl. 

2. VCO with frequency offset. 
a. Given f0 and fL: calculate fmin from the equation fmin = fo — fL; use fmin with Fig. 8 to deter-

mine R2 and Cl; calculate 

fmax 
from the equation 

max _ fo + fL; use max with Fig. 9 to determine the ratio R2/R1 to 
fmin fmin fo — fL fmin 
obtain R1. 

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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Fig. 7 Typical centre frequency as a function of capacitor Cl; Tamb = 25 0C; VCOIN at /2 VDD; 
INH at VSS; R2 = co. 
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15V 
10V 
5V i

10 2 10 3 104 105 C1 (pF) 106

7284461 

Fig. 8 Typical frequency offset as a function of capacitor Cl; Tamb = 25 OC; VCOIN at VSS% 
INH at VSS; R1 = . 
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Vpp=5V 10V 
15V 

10 10 2 f max 

fmin 

103

Fig. 9 Typical ratio of R2/R1 as a function of the ratio fmax/min 
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03 

Fig. 10 Power dissipation as a 
function of R1; R2 = ~; VCOIN at 
'/2 VDD; CL = 50 pF. 

Fig. 11 Power dissipation as a 
function of R2; R1 = o; VCOIN at 
VSS (0 V); CL = 50 pF. 
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104

P 
(µW) 

103

102

10 

1 

7Z84454 

VDD =15V

10V 

5V 

1/2 VDD VDD 

VVCOIN 7Z84457 

10 02 103
R SF (ku) 

Fig. 13 Definition of linearity (see a.c. characteristics). 

HEF4046B 
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Fig. 12 Power dissipation of source follower 
as a function of RSF; VCOIN at 1/2 VDD% 
R1 = °°; R2= °°. 

For VCO linearity: 

f1 +f2 

fO 2 

lin. —f0-f°x100% 
f,o 

Figure 13 and the above 
formula also apply to 
source follower linearity: 
substitute VSF OUT for f. 

OV=0,3Vat VDD =5V 

DV=2,5VatVDD=10V 

DV=5V at VDD =15V 
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  O 

0,5 

0 

-0,5 

7Z84451 

C1 = 
1µF 

1 nF 

100 pF 

50 pF 

10 102 R1 (kS2) 

Fig. 14 VCO frequency linearity as a 
function of R1; R2 = °°; Vpp = 5 V. 

5 

0 

-5 

-10 

5 

0 

5 

-10 

7Z84452 

Cl -
1µF 

1 nF 

100pF 

10 3 10 102 R1 IkS2) 

7Z84453 

1 n 

100pF 

50 pF 

10 102 R1 (kS2 103

Fig. 15 VCO frequency linearity as a 
function of R1; R2 = ~; Vpp = 10 V. 

Fig. 16 VCO frequency linearity as a 
function of R1; R2 ; Vpp = 15 V. 

03
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MONOSTABLE/ASTABLE MULTIVIBRATOR 

The HEF4047B consists of a gatable astable multivibrator with logic techniques incorporated to permit 
positive or negative edge-triggered monostabie multivibrator action with retriggering and external count-
ing options. 

Inputs include +TRIGGER, — TRIGGER, ASTABLE, ASTABLE, RETRIGGER and MR (Master Reset). 
Buffered outputs are 0,0 and OSCILLATOR OUTPUT. In all modes of operation an external capacitor 
(Ct) must be connected between CTC and ROTC, and an external resistor ( Rt) must be connected 
between RTC and RCTC (continued on next page). 

-H - 

5 

4 

3 1 2 
RCTC C 

13 

ASTABLE ASTABLE 

GATE 
RETRIGGER 

CONTROL 

--

ASTABLE
CONTROL ASTABLE 

MULTI -
l 

VIBRATOR 
—TRIGGER 

MONOSTABLE FREQUENCY 
DIVIDER 

+TRIGGER CONTROL 
(;2) 

T

OSCILLATOR 
OUTPUT 

RETRIGGER

0 

12 

10 

-*o-
MR 

Fig. 1 Functional diagram. 

FAMILY DATA 
see Family Specifications 

7Z74558.1 

11 

9 

'DD LIMITS category MSI 
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Astable operation is enabled by a HIGH level on the ASTABLE input. The period of the square wave 
at O and O outputs is a function of the external components employed. 'True' input pulses on the 
ASTABLE 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 O 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 RETRIGGER 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 O to an external 'N' counter and 
resetting the counter with the trigger pulse. The counter output pulse is fed back to the ASTABLE 
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 VDD is applied. 

C TC 

R TC 

RC TC 

ASTABLE 

ASTABLE 

— TRIGGER 

VSS 

1 

2 

3 

4 

5 

6 

7 

U 

HEF4047B 

7274557.1 

14 

13 

12 

11 

10 

9 

8 

Fig. 2 Pinning diagram. 

HEF4047BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4047BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4047BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

VDD 
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O 

O 

MR 
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FUNCTIONAL CONNECTIONS 

function 

pins connected to output 
pulse 
from 
pins 

output 
period 

or 
pulse width VDD VSS 

input 
pulse 

astable multivibrator 

free running 4, 5, 6, 14 7, 8, 9, 12 — 10, 11, 13 at pins 10, 11: 

true gating 4, 6, 14 7, 8, 9, 12 5 10, 11, 13 tq = 4,40 RtCt

complement gating 6, 14 5, 7, 8, 9, 12 4 10, 11, 13 
at pin 13: 
tq = 2,20 RtCt 

monostable multivibrator 

pos. edge-triggering 4, 14 5, 6, 7, 9, 12 8 10, 11 

neg. edge-triggering 4, 8, 14 5, 7, 9, 12 6 10, 11 at pins 10, 11: 

retriggerable 4, 14 5, 6, 7, 9 8, 12 10, 11 tM = 2,48 RtCt

external count down* 14 5, 6, 7, 8, 9, 12 — 10, 11 

* Input pulse to RESET of external counting chip; external counting chip output to pin 4. 

Note 

In all cases, external resistor between pins 2 and 3, external capacitor between pins 1 and 3. 

D.C. CHARACTERISTICS 

VSS = 0 V; inputs at VSS or VDD 

VDDV symbol —40 
max. 

Tamb (° C) 
+25 

min. max. 
+85 
max. 

Leakage current 
pin 3; output 
transistor OFF 

15 13 0,3 - 0,3 1 µq pin 3 at 
VDD or VSS 
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A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 0C; CL = 50 pF; input transition times 6 20 ns 

VOO 
V 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
ASTABLE, ASTABLE 
--► OSC. OUTPUT 5 95 190 68 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 45 90 43 ns+ (0,23 ns/pF) CL 
15 30 60 22 ns + (0,16 ns/pF) CL 

5 85 170 58 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 40 80 29 ns+(0,23 ns/pF) CL 

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

ASTABLE, ASTABLE 
--► O,O 5 150 300 123 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 65 130 54 ns + (0,23 ns/pF) CL 
15 50 100 42 ns + (0,16 ns/pF) CL 

5 130 260 103 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 60 120 49 ns+(0,23 ns/pF) CL 

15 45 90 37 ns + (0,16 ns/pF) CL 

+/—TRIGGER 
—► O, O 5 160 320 133 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 65 130 54 ns+ (0,23 ns/pF) CL 
15 50 100 42 ns+ (0,16 ns/pF) CL 

5 155 310 128 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 65 130 54 ns + (0,23 ns/pF) CL 

15 50 100 42 ns + (0,16 ns/pF) CL 

+TRIGGER, _ 
RETRIGGER —+► O 5 65 130 38 ns+(0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 30 60 19 ns+(0,23 ns/pF) CL 
15 25 50 17 ns + (0,16 ns/pF) CL 

+TRIGGER, 
RETRIGGER ---► 0 5 95 190 68 ns+ (0,55 ns/pF) CL 

LOW to HIGH 10 tpLH 40 80 29 ns+ (0,23 ns/pF) CL 
15 30 60 22 ns+(0,16 ns/pF) CL 

MR —►O 5 100 200 83 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tpHL 45 90 34 ns+ (0,23 ns/pF) CL 

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

MR—*- O 5 100 200 83 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 45 90 34 ns+ (0,23 ns/pF) CL 

15 35 70 27 ns + (0,16 ns/pF) CL 
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A.C. CHARACTERISTICS (continued) 

V55 = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

VDT 
V 

symbol min. typ. max. typical extrapolation 
formula 

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 MR pulse 5 60 30 ns 
width; HIGH 10 tWMRH 30 15 ns 

15 20 10 ns 

Minimum input 
pulse width; any 5 220 110 ns 
input exept MR 10 tW 100 50 ns 

15 70 35 ns 

APPLICATION INFORMATION 

General features: 

• 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 
• 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 
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J  

HEF4047B 
MSI 

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 (VTR) shift for free running (astable) operation. 

t1 = —RtCt In 

t2=—RtCt In 

OSCI LLATOR 
OUTPUT (pin 13) 

O OUTPUT 
(pin 10) 

VTR 

VDD +VTR 

VDD — VTR 

2VDD — VTR 

f t1 il-.*-t2 - 

2 to 

f tly~r t2 ► 

to

Fig. 4 Astable mode waveforms. 

t 
2 A 

7Z84343 

to = 2 It1 + t2) _ —2RtCt In 
(VTR)(VDD — VTR)  

where to = Astable mode pulse width. 
(VDD + VTR)(2VDD — VTR) 

Values for to are: 

VDD =5or10V 

VDD =15V 

typ. : VTR = 0,5 VDD; to = 4,40 RtCt

(min. : VTR = 0,3 VDD; to = 4,71 RtCt
(max.: VTR = 0,7 VDD; to = 4,71 RtCt

(min. : VTR = 4 V; to = 4,84 RtCt
( max.: VTR = 11 V; to = 4,84 RtCt

thus if to = 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 VDD 
In addition to variations from unit-to-unit, the astable period may vary as a function of frequency with 
respect to VDD. 
Typical variations are presented graphically in Figs 5 and 6 with 10 V as a reference. 

7Z84348 
7,5 

period 
accuracy 

for _ 
O and O 

(%) 
5 

2,5 

0 

-2,5 
0 

B 

C 

5 10 
VDD (V) 

Fig. 5 Typical O and O period accuracy as a function of supply voltage; astable mode; Tamb = 25 °C. 

15 

curve fo
kHz 

Ct 
pF 

Rt
kS2 

A 
B 
C 

10 
5 
1 

100 
100 

1000 

220 
470 
220 

336 January 
19951 (.' 



Monostable/astable multivibrator 

15 

period 
accuracy 

for _ 
O and O 

(%) 
10 

5 

0 

5 
0 

HEF4047B 
MSI 

D C 

7Z84347 

A 

5 10 VDD (V) 15 

Fig. 6 Typical O and O period accuracy as a function of supply voltage; astable mode; Tamb = 25 °C. 
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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 (VTR) shift for one-shot (monostalbe) operation. 

+TRIGGER 
(pin 8) 

OSCILLATOR 
OUTPUT (pin 13) 

O OUTPUT 
(pin 10) 

t1' = —RtCt In 
VTR
2VDD 

tM = (t1' + t2) 

tM = —RtCt In  
(VTR)(VDD — VTR) 

were tM = Monostable mode pulse width. 
(2VDD — VTR)(2VDD) 

" 

~t1'...[....t2_ ~t1~ 

J 
—a tM 

. -t2-

Fig. 7 Monostable waveforms. 

tM

Values for tM are: 

VDD =5to10V 

VDD = 15 V 

typ. : VTR = 0,5 VDD; tM =2,48 RtCt

( min. : VTR = 0,3 VDD; tM = 2,78 RtCt
I max. : VTR = 0,7 VDD; tM = 2,52 RtCt

min. : VTR = 4 V; tM = 2,88 RtCt
I max. : VTR = 11 V; tM = 2,56 RtCt

thus if tM = 2,48 RtCt is used, the maximum variation will be (+ 12%; —0,0%) at 10 V. 

L 
7Z84342 

Note 
In the astable mode, the first positive half cycle has a duration of tM; succeeding durations are 1/2 tA. 
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3. Retrigger mode operation 

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 O), terminates at some variable time, tp, after the termination 
of the last retrigger pulse; tp is variable because tRE (output O) terminates after the second positive 
edge of the oscillator output appears at flip-flop 4. 

+TRIGGER; 
RETRiGGER 
(pins 8, 12) 

OSCI LLATO R 
OUTPUT (pin 13) 

O OUTPUT 
(pin 10) 

i W J 1__ J LJ_... 
t1

ø_.t2 
t1' •s f L1'-~.- f 

t 2 ..— t2 —► f 

.J L J L 
--. .I tRE r - .— t RE 

Fig. 8 Retrigger mode waveforms. 

Th"-' `--~ 

to
~-•--- t R E --- ► 

1Z84341 

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 F'/z tA) 

Where text = pulse duration of the circuitry, and N is the number of counts used. 

input 
pulse 

ASTABLE 4 

HEF4047B HEF4017B 

O 10 
14 

CPO O5-9 
MR 

15 

optional 
buffer 

12 

7284340 

output 

IL 
-"I text 

Fig. 9 Implementation of external counter option. 
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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 CCt 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 At and Ct to maintain agreement with previously calculated formulae 
without trimming should be: 

Ct 100 pF, up to any practical value, 

10 k&2 At c 1 MS2. 

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 V2 f (fat output pin 13) 

P=4  Ct V2 f (f at output pins 10 and 11) 

(2,9 Ct V2 )(duty cycle) 
Monostable mode: P =  T (fat output pins 10 and 11) 

Because the power dissipation does not depend on Rt, a design for minimum power dissipation would 
be a small value of C. 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, 11 and 12. 
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104

P 

(µW) 

103

10 2

10 

HEF4047B 
MSI 

7Z84346 

 C = 100nF t 10nF 1 n 100pF 

10pF 

1 10 102 103 104 105 f(Hz) 106
Fig. 10 Power consumption as a function of the output frequency at O or O; Vpp = 5 V; astable mode. 
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Fig. 11 Power consumption as a function of the output frequency at O or O; Vpp = 10 V; astable mode. 
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APPLICATION INFORMATION (continued) 

7Z84344 

106

P 

(µW) 

10 5

104

10 3

C t = 100nF 10nF 1 nF 100pF 

 10pF 

10 10 2 103 104 105 f(Hz) 106

Fig. 12 Power consumption as a function of the output frequency at O or O; Vpp = 15 V; astable mode. 
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HEX INVERTING BUFFERS 

HEF4049B 
buffers 

The HEF4049B provides six 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 guaran-
teed fan-out into common bipolar logic elements is shown in the table below. 

3 I1 °1 2 

5 I2 Oz 4 

7 13 
vo 

p-

rs.... 06 15 

9 I4 

I 511 

14 16 

7 Z69558 

Fig. 1 Functional diagram. 

11 4 p. f  V o__  
O1 

7Z74549.1 

Fig. 3 Logic diagram (one gate). 

7Z69501 
Fig. 2 Pinning diagram. 

HEF4049BP(N): 16-lead DIL; plastic (SOT38-1) 
HEF4049BD(F): 16-lead DIL; ceramic (cerdip) (SOT74) 
HEF4049BT(D): 16-lead SO; plastic (SOT109-1) 
U: Package Designator North America 

Guaranteed fan-out in common logic families 

driven element 
guaranteed 
fan-out 

standard TTL 

74 LS 

74L 

2 

9 

16 

APPLICATION INFORMATION 

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 

DD EMITS category BUFFERS 

Input protection 

input —1 

7269660.1 

Fig. 4 Input protection circuit that 
allows input voltages in excess of VDD• 

} 
see Family Specifications 
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D.C. CHARACTERISTICS VSS = 0 V; VI = VSS or VDD 

HEF 
VDD v symbol -40

min. max. 

0 
Tam+25b( C) 

min. max. 
+85 

min. max. 

Output (sink) 4,75 0,4 3,5 — 2,9 — 2,3 — mA 
current LOW 10 0,5 IOL 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 -OH 1,3 - 1,1 - 0,9 - mA 

15 13,5 3,6 - 3,0 — 2,4 — mA 

Output (source) 
current HIGH 5 2,5 —IOH 1,7 - 1,4 - 1,1 - mA 

HEC VDD 
V 

VO 
V 

symbol _55 
min. 

Tamb(°C) 
+25 

max. min. max. 

l 
+125 

min. max. 

Output (sink) 4,75 0,4 3,6 — 2,9 — 1,9 — mA 
current LOW 10 0,5 IOL 12,5 - 10,0 - 6,7 - mA 

15 1,5 25,0 - 20,0 - 13,0 — mA 

Output (source) 5 4,6 0,52 - 0,44 - 0,36 — mA 
current HIGH 10 9,5 

-OH 
1,3 - 1,1 - 0,9 - mA 

15 13,5 3,6 - 3,0 — 2,4 — mA 

VDD V symbol typ. max. 
typical extrapolation 

formula 

Propagation delays 5 35 70 ns 26 ns+ (0,18 ns/pF) CL 
In 1O n 10 tpHL 15 30 ns 11ns+(O,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 

VDD 
V 

typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

2500 fi + E(foCL) x VDD2
11 000 fi + E(foCL) x VDD2
35000 fi + E(fOCL) x VDD2
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HEX NON-INVERTING BUFFERS 

HEF4050B 
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 below. 

3 I1 
r . 

01 

5 I 2

7 I 3

9 I 

2 

D °2 

D °3 

11 

14 I 

D 4 

4 

7269502 

6 Fig. 2 Pinning diagram. 

10 

D °6

7269559 

12 

15 

Fig. 1 Functional diagram, 

11 
-1 > 

V 
o --

 O1
7Z74500.1 

Fig. 3 Logic diagram (one gate). 

HEF4050BP(N): 16-lead Dl L; plastic 
(SOT38-1) 

HEF4050BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4050BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

APPLICATION INFORMATION 

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 

IDD LIMITS category BUFFERS j 

Guaranteed fan-out in common logic families 

driven element 
guaranteed 

fan-out 

standard TTL 
74L5 
74L 

2 
9 

16 

see Family Specifications 

Input protection 

input —j  

7Z69660.1 

Fig.4 Input protection circuit that 
allows input voltages in excess of VDD• 
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D.C. CHARACTERISTICS VSS = 0 V; V1 = VSS or VDD 

HEF 
VvD VO 

symbol —40 
min. max. 

° 

+25mb( C) +85 
min. max. min. max. 

Output (sink) 4,75 0,4 3,5 — 2,9 — 2,3 — mA 
current LOW 10 0,5 1OL 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 -1OH 1,3 - 1,1 - 0,9 - mA 

15 13,5 3,6 - 3,0 — 2,4 — mA 

Output (source) 
current HIGH 5 2,5 —IOH 1,7 - 1,4 - 1,1 - mA 

HEC VDD 
V 

VO 
V s mbol 

y —55 
Tamb(°C) 
+25 +125 

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

Output (sink) 4,75 0,4 3,6 — 2,9 — 1,9 — mA 
current LOW 10 0,5 1OL 12,5 - 10,0 - 6,7 - mA 

15 1,5 25,0 - 20,0 - 13,0 — 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 

A.C. CHARACTERISTICS VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 20 ns 

VDD 
V symbol typ. max. 

typical extrapolation 
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 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 V typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL= load capacitance (pF) 
E(foCL)=sumofoutputs 
VDD =supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

3 800 f1 + E (foCL) x VDD2
11 600fi +E (foCL) x VDD2 
65 900 fi + E (foCL) x VDD2 
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8-CHANNEL ANALOGUE MULTIPLEXER/DEMULTIPLEXER 

The HE F4O51 B is 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 (Y0 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 AD to A2. With E 
HIGH, all switches are in the high impedance OFF-state, independent of AD to A2. 

VDD and VSS are the supply voltage connections for the digital control inputs (A0 to A2, and E). 
The VDD to VSS range is 3 to 15 V. The analogue inputs/outputs (Y0 to Y7, and Z) can swing between 
VDD as a positive limit and VEE as a negative limit. VDD—VEE may not exceed 15 V. 
For operation as a digital multiplexer/demultiplexer, VEE is connected to VSS (typically ground). 

16 

VDD 
YO 13 

11 

10 

Fig. 1 Functional diagram. 

9 

AO 

1 

A2 

6 

FAMILY DATA 

IDD LIMITS category MSI 

see Family Specifications 

E 

LOGIC 
LEVEL 

CONVERSION 

VSS 

1—of -8 
DECODER 

VEE 

Y1 14 

 V 215

Y3 12 

J Y4 1 

I y55 

~~  Y6 2 

Z3 

8 7 7Z69537.4 
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HEF4051B 
MSI 

7Z6gs33 

Fig. 2 Pinning diagram. 

HEF4051BP(N): 16-lead Dl L; plastic 
(SOT38-1) 

HEF4051 BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4051 BT(D): 16-lead SO; plastic 
(SOT109-1) 

I ): Package Designator North America 

Fig. 3 Schematic diagram 
(one switch). 

FUNCTION TABLE 

PINNING 

Yp to Y7 independent inputs/outputs 

Ap to A2 address inputs 

E enable input (active LOW) 

Z common input/output 

Yn

VDD 

VEE 

H ( I'F  VDD f !

7Z82374. 

Zn

inputs channel 
ON 

E A2 Al Ap 

L L L L YO—Z 
L L L H Y1—Z 
L L H L Y2—Z 
L L H H Y3—Z 
L H L L Y4—Z 
L H L H Y5—Z 
L H H L Y6—Z H = HIGH state (the more positive voltage) 
L H H H Y7—Z L = LOW state (the less positive voltage) 
H X X X none X = state is immaterial 

RATINGS 

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 VDr, 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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8-channel analogue multiplexer/demultiplexer 

E 

LEVEL 
CONVERTER 

72697022 

Z 
Fig. 4 Logic diagram. 

HEF4051B 
MSI 

Yp 

vi
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HEF4051B 
MSI 

D.C. CHARACTERISTICS 

Tamb = 25 oC 

VDD—VEE 
V 

symbol typ. max. conditions 

5 350 2500 S2 
ON resistance 10 RON 80 245 St 1 Vis = 0 to VpD—VEE 

15 60 175 S2 J see Fig. 6 

5 115 340 S2 
ON resistance 10 

15 
RON 50 

40 
160 
115 

SZ 
S2 

l V - J see Fig.6 

5 120 365 S2 
ON resistance 10 RON 65 200 St l Vis - VDD- VEE 

15 50 155 J see Fig. 6 

'O' ON resistance 5 25 — St 
between any two 10 pRON 10 _ Vis = 0 to VDD—VEE 

channels 15 5 — SL 
see Fig. 6 

OFF-state leakage 5 — — nA 
current, all 10 IOZZ — — nA E at VDD 
channels OFF 15 — 1000 nA VSS = VEE 
OFF-state leakage 5 — — nA 
current, any 10 IOZy — — nA  F at VSS I channel 15 — 200 nA  VSS - VEE 

15 

VDD-VSS 
(V) 

10 

5 

7Z84306 

operating area 

0  
0 5 10 15 

VpD—VEE (V) 

Fig. 5 Operating area as a function of the supply voltages. 
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8-channel analogue multiplexer/demultiplexer 

400 

RON 
(SZ) 

300 

200 

100 

0 
5 

HIGH 
(from address inputs) 

Vis = 0 to Vpp — VEE 

Fig. 6 Test set-up for measuring RON• 

7Z82373 

Vpp = 5 V 

10V 

15V 

0 10 Vs(V) 15 

HEF4051B 
MSI 

;t=200µA 

VSS = VEE 
7Z74582.2 

Fig. 7 Typical RON as a function of input 
voltage. 

lis=200µA 
VSS=VEE=0V 
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HEF4051B 
MSI 

A.C. CHARACTERISTICS 

VEE = VSS = 0 V; Tamb = 25 °C; input transition times < 20 ns 

v 

DD

V typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1 000 fi + E(fOCL) x VDD2
5500 fi + E(foCL) x VDD2

15000 fi + E(foCL) x VDD2

A.C. CHARACTERISTICS 

VEE = VSS = 0 V; Tamb = 25 °C; input transition times 5 20 ns 

VDD 
V symbol typ. max. 

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 i note 1 

15 5 10 ns 1 

An — Vos 5 150 300 ns l 
HIGH to LOW 10 tPHL 60 120 ns f note 2 

15 45 90 ns J 

5 150 300 ns l 
LOW to HIGH 10 tpLH 65 130 ns ( note 2 

15 45 90 ns 1 

Output disable times 
E Vos 5 120 240 ns 

HIGH 10 tpHZ 90 180 ns note 
15 85 170 ns 

5 145 290 ns l 
LOW 10 tpLZ 120 240 ns j note 3 

15 115 230 ns 1 

Output enable times 
E Vos 5 140 280 ns l 

HIGH 10 tpZ H 55 110 ns } note 3 
15 40 80 ns JJJ

5 140 280 ns l 
LOW 10 tpZL 55 110 ns i note 3 

15 40 80 ns 1 
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8-channel analogue multiplexer/demultiplexer 

A.C. CHARACTERISTICS 

VEE = VSS = 0 V; Tamb = 25 °C; input transition times 20 ns 

HEF4051B 
MSI 

VDDV symbol typ. max. 

Distortion, sine-wave 5 0,25 % 1 
response 10 0,04 % } note 4 

15 0,04 % JJJ
Crosstalk between 5 — MHz 

any two channels 10 1 MHz note 5 
15 — MHz 

Crosstalk; enable 5 — mV l 
or address input 10 50 mV note 6 
to output 15 — mV J 

OFF-state 5 — MHz 
feed-through 10 1 MHz note 7 

15 — MHz 

ON-state frequency 5 13 MHz 
response 10 40 MHz note 8 

15 70 MHz JJJ

NOTES 

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

1. RL = 10 kS2 to VEE; CL = 50 pF to VEE; E = VSS% Vis = VDD (square-wave); see Fig. 8. 
2. RL = 10 kSt; 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 kS2; CL = 50 pF to VEE; E = VDD (square-wave); 

V15 = VDD and RL to VEE for tpHZ and tpZH; 
Vis = VEE and RL to VDD for tpLZ and tpzL; see Fig. 8. 

4. RL = 10 kSt; CL = 15 pF; channel ON; V5= '/Z VDD(pp) (sine-wave, symmetrical about 1/2 VDD); 
fis = 1 kHz; see Fig. 9. 

5. RL = 1 kSt; Vis ='/2 VDD(pp) (sine-wave, symmetrical about 1/2 VDD); 

20 log 
Vos = —50 dB; see Fig. 10. 
Vis _ 

6. RL = 10 kg to VEE; CL = 15 pF to VEE; E or An = VDD (square-wave); crosstalk is I Vos I (peak 
value); see Fig. 8. 

7. RL = 1 kS2; CL = 5 pF; channel OFF; Vis =' /2 VDD( ) (sine-wave, symmetrical about 1/2 VDD); 

20 to 
V°s 

g — _ —50 dB; see Fig. 9. 
Vis 

8. RL = 1 k≤2; CL = 5 pF; channel ON; Vis ='/ VDD(pp) (sine-wave, symmetrical about '/z VDD); 

20 log Vos = —3 dB; see Fig. 9. 
Vis 
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HEF4051B 
MSI 

J  

Fig. 8. 

VEE 

V's

(Z) 

channel channel 
ON OFF 

(a) 

VEE 

Vos V is 

Fig. 10. 

APPLICATION INFORMATION 

Some examples of applications for the HEF4051 B are: 

• Analogue multiplexing and demultiplexing. 
• Digital multiplexing and demultiplexing. 
• Signal gating. 

V 

channel 
OFF 

Vos 

7Z74583 

NOTE 

If break before make is needed, then it is necessary to use the enable input. 

Vos 

V EE 

7Z74584 

Fig. 9. 

EE 

(b) 
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HEF4052B 
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 (Y0 to Y3) and a common 
input/output (Z). The common channel select logic includes two address inputs (A0 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 (Y0 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 A0 and A1. With E 
HIGH, all switches are in the high impedance OFF-state, independent of A0 and A1. 

VDD and VSS are the supply voltage connections for the digital control inputs (A0, Al and E). The 
VDD to VSS range is 3 to 15 V. The analogue inputs/outputs (Y0 to Y3, and Z) can swing between 
VDD as a positive limit and VEE as a negative limit. VDD — VEE may not exceed 15 V. 

For operation as a digital multiplexer/demultiplexer, VEE is connected to VSS (typically ground). 

16 

Fig. 1 Functional diagram. 

FAMILY DATA 

IDD LIMITS category MSI 

see Family Specifications 

10 

9 

0 

Al 

VDD 

LOGIC 
LEVEL 

CONVERSION 

VSS 

1 -of -4 
DECODER 

VEE 

ZA 13 

YtA 14 

Y2A 15 

Y3A 11 

YOB 1 

J I Y1 B 5 

1 Y2B 2 

Y3B 4 

ZB 3 
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HEF4052B 
MSI 

 J 

26950. 

Fig. 2 Pinning diagram. 
HEF4052BP(N): 16-lead DIL; plastic 

(SOT38-1) 
HEF4052BD(F): 16-lead DIL; ceramic (cerdip) 

(SOT74) 
HEF4052BT(D): 16-lead SO; plastic 

(SOT109-1) 
( 1: Package Designator North America 

FUNCTION TABLE 

PINNING 

Y0A to Y3A 
Y0B to Y3B 

A0, A1 

E 

ZA, ZB 

independent inputs/outputs 

independent inputs/outputs 

address inputs 

enable input (active LOW) 

common inputs/outputs 

Yn

VDD ~I , I'--- 

VEE 

7Z82375.1 

VDDf+ 

Fig. 3 Schematic diagram (one switch). 

inputs channel 
ON 

E Al AO 

L L L Y0A- ZA;Y0B—ZB 
L L H Y1A—ZA; Y1B— ZB 
L H L Y2A—ZA; Y2B—ZB 
L H H Y3A—ZA;Y3B—ZB 
H X X none 

Zn

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 VDD) VEE —18to+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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Dual 4-channel analogue multiplexer/demultiplexer HEF4052B 
MSI 

LEVEL 
CONVERTER > ° t °

V 

V 

O 

Fig. 4 Logic diagram. 

7Z69703.2 

C 

ZA 

YOA 

Y1A 

Y2A 

3A 

YOB 

Y3B 

ZB 
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HEF4052B 
MSI 

D.C. CHARACTERISTICS 

Tamb = 25 oC 

VDD—VEE 
V 

symbol typ. max. conditions 

5 350 2500 Sl 1 
ON resistance 10 RON 80 245 S2 l Vis = 0 to VDD—VEE 

15 60 175 J see Fig. 6 

5 115 340 St 
ON resistance 10 RON 50 160 St Vis = 0

15 40 115 St see Fig. 6 

5 120 365 St 
ON resistance 10 RON 65 200 &2 Vis = VDD—VEE 

15 50 155 S2 J see Fig. 6 

'D' ON resistance 5 25 — SZ 1 
between any two 10 IRON 10 — St } Vis = 0 to VDD—VEE 

channels 15 5 —  J see Fig. 6 

OFF-state leakage 5 — — nA l 
current, all 10 IOZZ — — nA } E at VDD 
channels OFF 15 — 1000 nA JJJ

OFF-state leakage 5 — — nA l 
current, any 10 IOZy — — nA } E at VSS 
channel 15 — 200 nA JJJ

15 

VDD—VSS 
(V) 

10 

5 

0 

7Z84306 

5 

operating area 

0 10 15 
VDD—VEE (V) 

Fig. 5 Operating area as a function of the supply voltages. 
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Dual 4-channel analogue multiplexer/demultiplexer 

400 

RON 
(il) 

300 

200 

100 

0 

HIGH 
(from address inputs) 

Vis = 0 to VDD — VEE 

Fig. 6 Test set-up for measuring RON• 

7Z82373 

VDD =5V 

10V 

15V 

0 5 10 V1 (V) 15 

HEF4052B 
MSI 

is=200µA 

VSS = VEE 
7Z74582.2 

Fig. 7 Typical RON as a function of input voltage. 

I is = 200 µA 
VSg=VEE=0V 
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HEF4052B 
MSI 

A.C. CHARACTERISTICS 

VEE = VSS = 0 V; Tamb = 25 °C; input transition times 5 20 ns 

VDDV typical formula for P (µW) 
where 
fi = input freq. (MHz) 
f°  = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1 300 fi + E(foCL) x VDDZ
6 100 fi + E(foCL) x VDDZ

15600 fi + E(foCL) x VDDZ

A.C. CHARACTERISTICS 

VEE = VSS = 0 V; Tamb = 25 °C; input transition times 5 20 ns 

VDDV symbol typ. max. 

Propagation delays 

Vis ---► Vos 5 10 20 ns 
HIGH to LOW 10 tpHL 5 10 ns note 1 

15 5 10 ns 

5 10 20 ns l 
LOW to HIGH 10 tpLH 5 10 ns i note 1 

15 5 10 ns I 

An ---► Vos 5 150 305 ns 

1 
HIGH to LOW 10 tpHL 65 135 ns note 2 

15 50 100 ns 

5 150 300 ns l 
LOW to HIGH 10 tpLH 75 150 ns } note 2 

15 50 100 ns JJJ

Output disable times 
E — ► Vos 5 95 190 ns 

HIGH 10 tpHZ 90 180 ns 1 note 
15 90 180 ns 1 

5 100 205 ns 
LOW 10 tpLz 90 180 ns note 3 

15 90 180 ns 

Output enable times 
E —V 5 5 130 260 ns 

HIGH 10 tpZl l 55 115 ns note 3 
15 45 85 ns 

5 120 240 ns 
LOW 10 tpZL 50 100 ns note 3 

15 35 75 ns 
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Dual 4-channel analogue multiplexer/demultiplexer 

A.C. CHARACTERISTICS 

VEE = VSS = 0 V; Tamb = 25 °C; input transition times 5 20 ns 

HEF4052B 
MSI 

VDD V 
symbol typ. max. 

Distortion, sine-wave 5 0,25 % 
response 10 0,04 % note 4 

15 0,04 % JJJ

Crosstalk between 5 — MHz l 
any two channels 10 1 MHz } note 5 

15 — MHz JJJ

Crosstalk; enable 5 — mV l 
or address input 10 50 mV } note 6 
to output 15 — mV J 

OFF-state 5 — MHz l 
feed-through 10 1 MHz } note 7 

15 — MHz JJJ

ON-state frequency 5 13 MHz 
response 10 40 MHz 

I 
note 8 

15 70 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 kI2 to VEE; CL = 50 pF to VEE; E = VSS% Vis = VDD (square-wave); see Fig. 8. 
2. RL = 10 k&7; CL = 50 pF to VEE; E = VSS; An = VDD (square-wave); V15 = VDD and RL to VEE 

for tpLH; Vis= VEE and RL to VDD for tpHL; see Fig. 8. 
3. RL = 10 kS2; CL = 50 pF to VEE; E = VDD (square-wave); 

Vis = VDD and R L to VEE for tPHZ and tpZH; 
Vis = VEE and RL to VDD for tpLZ and tpzL; see Fig. 8. 

4. RL = 10 kS2; CL = 15 pF; channel ON; Vis = '/2 VDD(pp) (sine-wave, symmetrical about 1/2 VDD); 
fis = 1 kHz; see Fig. 9. 

5. RL= 1 kS2; Vis ='/z VDD(pp) (sine-wave, symmetrical about 1/2 VDD); 

20 log 
VO5

= -50 dB; see Fig. 10. 
Vis _ 

6. RL = 10 kg to VEE; CL = 15 pF to VEE; E or An = VDD (square-wave); crosstalk is IVos I (peak 
value); see Fig. 8. 

7. RL = 1 kSZ; CL = 5 pF; channel OFF; Vis =' /2 VDD(pp) (sine-wave, symmetrical about 1/2 VDD); 

20 log VO5 = -50 dB; see Fig. 9. 
Vis 

8. R L = 1 kS2; CL = 5 pF; channel ON; Vis ='/z VDD(PP) (sine-wave, symmetrical about Y2  VDD); 

20 log VO5 = —3 dB; see Fig. 9. 
Vis 
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HEF4052B 
MSI 

Fig. 8. 

V EE 

Vis 

(Z) 

channel channel 
ON OFF 

(a) 

V EE 

V 's

Fig. 10. 

APPLICATION INFORMATION 

Some examples of applications for the HEF4052B are: 

• Analogue multiplexing and demultiplexing. 
• Digital multiplexing and demultiplexing. 
• Signal gating. 

channel 
OFF 

V os 

7Z74583 

NOTE 

If break before make is needed, then it is necessary to use the enable input. 

7Z74584 

Fig. 9. 

VEE 

(b) 
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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 (Y0 and Y1), a common 
input/output (Z), and select inputs (Se). Each also contains two-bidirectional analogue switches, each 
with one side connected to an independent input/output (Y0 and Y1) 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 E HIGH, all 
switches are in the high impedance OFF-state, independent of SA to SC. 

VDD and VSS are the supply voltage connections for the digital control inputs (SA to SC and E). 
The VDD to VSS range is 3 to 15 V. The analogue inputs/outputs (Y0, Y1 and Z) can swing between 
VDD as a positive limit and VEE as a negative limit. VDD—VEE may not exceed 15 V. 

For operation as a digital multiplexer/demultiplexer, VEE is connected to VSS (typically ground). 

16 
VDD 

ZA 14 

Fig. 1 Functional diagram. 

FAMILY DATA 

'DID LIMITS category MSI 

see Family Specifications 

11 

10 

SA 

B 

9 C 

LOGIC 
LEVEL 

CONVERSION 

VSS 

DECODER 

I 
VEE 

H 1 '1A 13 

JY0Al2 

ZB 15 

Y1 B 1 

I Y0B_2 

ZC 4 

J I Y1C 3 

I Y0C 5 

8 7 7Z69539.4 
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HEF4053B 
MSI 

7Z69505 

Fig. 2 Pinning diagram. 

HEF4053BP(N): 16-lead Dl L; plastic 
(SOT38-1) 

HEF4053BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4053BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

FUNCTION TABLE 

inputs channel 
ON 

E Sn

L L Y0n—Zn 
L H Yin—Zn 
H X none 

-N 

PINNING 

Y0A to Y0C 
YiA to Y1C 
SA to SC 

E 

ZA to ZC 

independent inputs/outputs 

independent inputs/outputs 

select inputs 

enable input (active LOW) 

common inputs/outputs 

Yn

,VDD ~ 
~

J

VEE 

7Z82376.1 

VDD 

Fig. 3 Schematic diagram (one switch). 

Zn

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 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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Triple 2-channel analogue multiplexer/demultiplexer 

SA LEVEL 
CONVERTER 

n 

V v

1> 

HEF4053B 
MSI 
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~A 

7Z69825.2 

ZA 

'1A 

YOA 

Y1B 

Fig. 4 Logic diagram. 
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HEF4053B 
MSI 

 J \ 

D.C. CHARACTERISTICS 

Tamb = 25 °C 

VDD—VEE 
V 

symbol typ. max. conditions 

5 350 2500 St 
ON resistance 10 RON 80 245 S2 1 Vis= 0 toVDD—VEE 

15 60 175 S2 J see Fig. 6 

5 115 340 S2 
ON resistance 10 RON 50 160 S2 1 Vis — 0

15 40 115 S2 J
5 120 365 S2 

ON resistance 10 RON 65 200 S2 1 Vis - VDD- VEE 

15 50 155 ) see Fig. 6 

'z' ON resistance 5 25 — S2 
between any two 10 ORON 10 — t Vis = 0 to VDD—VEE 

channels 15 5 - J see Fig. 6 

OFF-state leakage 5 — — nA l 
current, all 10 IOZZ — — nA } E at VDD 
channels OFF 15 — 1000 nA JJJ

OFF-state leakage 5 — — nA 
current, any 10 IOZy — — nA 

} 
E at VSS 

channel 15 — 200 nA 

7Z84306 
15 

VDD—VSS 
(V) 

10 

5 

0 

operating area 

0 5 10 15 
VDD—VEE (V) 

Fig. 5 Operating area as a function of the supply voltages. 
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Triple 2-channel analogue multiplexer/demultiplexer 

400 

RON 
Ise► 

300 

200 

100 

0 

HIGH 
(from address inputs) 

Vis = 0 to Vpp — EE 

Fig. 6 Test set-up for measuring RON• 
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=5V 

10V 

15V 

0 5 10 Vs(V) 15 

HEF4053B 
MSI 

;s =200µA 

VSS = VEE 
7Z74582.2 

Fig. 7 Typical RON as a function of input 
voltage. 

I is = 200 µA 
VSS=VEE=0V 

January 1995 367 



HEF4053B 
MSI 

A.C. CHARACTERISTICS 

VEE = VSS = 0 V; Tamb = 25 °C; input transition times 5 20 ns 

VDDV typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

2 500 fi + E(foCL) x VDDZ
11 500 fi + E(foCL) x VDDZ
29 000 fi + E(foCL) x VDDZ

A.C. CHARACTERISTICS 

VEE = VSS = 0 V; Tamb = 25 °C; input transition times 5 20 ns 

VDDV symbol typ. max. 

Propagation delays 
Vis — Vos 5 10 20 ns l 

HIGH to LOW 10 tPHL 5 10 ns i note 1 
15 5 10 ns 1 

5 15 30 ns l 
LOW to HIGH 10 tPLH 5 10 ns j note 1 

15 5 10 ns 1 

Sn — Vos 5 200 400 ns l 
HIGH to LOW 10 tpHL 85 170 ns } note 2 

15 65 130 ns JJJ

5 275 555 ns 
LOW to HIGH 10 tPLH 100 200 ns note 2 

15 65 130 ns 

Output disable times 

E Vos 5 200 400 ns l 
HIGH 10 tPHz 115 230 ns } note 

15 110 220 ns JJJ

5 200 400 ns 1 
LOW 10 tpLZ 120 245 ns } note 3 

15 110 215 ns JJJ

Output enable times 
E Vos 5 260 525 ns l 

HIGH 10 tPZ1 1 95 190 ns } note 3 
15 65 130 ns JJJ

5 280 565 ns 
LOW 10 tPZL 105 205 ns note 3 

15 70 140 ns 

368 January 1995 



Triple 2-channel analogue multiplexer/demultiplexer 

 J \ 
A.C. CHARACTERISTICS 

VEE = VSS = 0 V; Tamb = 25 OC; input transition times S 20 ns 

HEF4053B 
MSI 

VDDV 
symbol typ. max. 

Distortion, sine-wave 5 0,25 % l 
response 10 0,04 % } note 4 

15 0,04 % JJJ

Crosstalk between 5 — MHz l 
any two channels 10 1 MHz } note 5 

15 — MHz JJJ

Crosstalk; enable 5 — mV l 
or address input 10 50 mV } note 6 
to output 15 — mV JJJ

OFF-state 5 — MHz l 
feed-through 10 1 MHz } note 7 

15 — MHz JJ

ON-state frequency 5 13 MHz 
response 10 40 MHz note 8 

15 70 MHz 

NOTES 

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

1. RL = 10 kSt to VEE; CL = 50 pF to VEE; E = VSS% Vis = VDD (square-wave); see Fig. 8. 
2. RL = 10 kSt; CL = 50 pF to VEE; E = VSS; Sn = 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 k≤2; CL = 50 pF to VEE; E = VDD (square-wave); 

Vis = VDD and RL to VEE for tpHZ and tpZH; 
Vis = VEE and RL to VDD for tpLZ and tpZL; see Fig. 8. 

4. RL = 10 k&2; CL = 15 pF; channel ON; Vis ='/Z  VDD(PP) (sine-wave, symmetrical about 1/2 VDD); 
fis = 1 kHz; see Fig. 9. 

5. RL = 1 k&2; Vis ='/2 VDD(PP) (sine-wave, symmetrical about 1/2 VDD); 

20 to 
V°s 

g — _ —50 d6; see Fig. 10. 
Vis _ 

6. RL = 10 kg to VEE; CL = 15 pF to VEE; E or Sn = VDD (square-wave); crosstalk is I VO5 I (peak 
value); see Fig. 8. 

7. RL = 1 kS2; CL = 5 pF; channel OFF; Vis = 1/ 
VDD(pp) (sine-wave, symmetrical about Yz VDD); 

20 to 
V°s 

g—_-50 d6; see Fig. 9. 
Vis 

8. RL = 1 k≤2; CL = 5 pF; channel ON; Vis ='% VDD(PP) (sine-wave, symmetrical about 1/2 VDD); 

20 log VO5
=

 —3 dB; see Fig. 9. 
Vis 
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Vis 

VEE 

channel channel 
ON OFF 

(a) 

VEE 

vos 

Fig. 10. 

APPLICATION INFORMATION 

Some examples of applications for the HEF4053B are: 

• Analogue multiplexing and demultiplexing. 
• Digital multiplexing and demultiplexing. 
• Signal gating. 

channel 
OFF 

V os 

7Z74583 

NOTE 

If break before make is needed, then it is necessary to use the enable input. 

V 05

VEE 

7Z74584 

Fig. 9. 

VEE 

(b) 
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HEF4059B 
LSI 

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 15999. 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 (O) has TTL drive capability. The down 
counter is preset by means of 16 jam inputs (J1 to J16); continued on next page. 

1 CP 

4 

13 

11 

a 

b 

c 

3i 

I4

2 

I63 64 I22 I21 I20 

J5 J6 J7

19 

JS

18 I17 

J9 J10 

16 I15 

Jit J72 

110 I9 I8 

J13 J14 J15 

7 7Z84351.1 

16 

PRESETTABLE LOGIC t 
preset enable 

r 

♦ ♦ •  ♦ ♦ • • 1 ♦ ♦ • 

1 at 
COUNTING 
SECTION 

10,8,5,4,2 10 

INTERMEDIATE COUNTING SECTION  r 
1 

10 

MODE 

SELECTION 

DETECTION 

10 

VDD VSS 

PRESET 

ENABLE 

I 

 4— 1 

-H — t -- i 
I I I 

5th 

COUNTING 
SECTION 

- 1,2,2,4,8 

I 
T 

J 

1 

J 

OUTPUT 

STAGE 

EL 0 

(24 12 

24 23 22 21 20 19 18 17 

Fig. 1 Functional 

16 15 14 13 

block diagram. 

PINNING 

VDD O J5 J6 ~7 J8 J9 J10 J11 X12 Ka K b 
CP 

HEF4059B 

Ka, Kb, Kc
J1 to J16 
EL 

CP EL J1 J2 J3 J4 J,6 J15 J14 J13 Kc VSS O 

W W LJ U W U U LJ U 10 11 12 
7Z84353 

Fig. 2 Pinning diagram. 

FAMILY DATA 

2 23 

clock input 
mode select inputs 
programmable jam inputs (BCD) 
latch enable input 
divide-by-n output 

HEF4059BP(N): 24-lead DIL; plastic (SOT101-1) 
HEF4059BD(F): 24-lead DIL; ceramic (Cerdip) (SOT94) 
HEF4059BT(D): 24-lead SO; plastic (SOT137-1) 
( 1: Package Designator North America 

see Family Specifications 
IDD LIMITS catagory LSI 
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 J  

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 J1 to J4 are used to preset the first counting section and there is no last counting section. The 
intermediate counting section consists of three cascaded BCD decade (= 10) counters, presettable by 
means of the jam inputs J5 to J16• 
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 J6 J7 J8 J9 J10 J11 J12 J13 J14 J15 J16 
L L H H H L H L H L L H L H H 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 15999 (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 HEF4059B 
LSI 

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 illustrates the operation of the counter in mode - 8 
starting from the preset state 3. 

CP INPUT 

K c INPUT 

(K a, K b = LOW) 

internal state 
of counter 

O OUTPUT 

L
~
 

--

3 2 1 3 2 1 3 2 1 3 3  3 3 

Fig. 3 Total count of 3. 

7284352 

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 go HIGH once an output pulse occurs, and 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 10000, 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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FUNCTION TABLE 

latch 
enable 
input 

mode 
select 
inputs 

first counting 
section 

decade 1 

last counting 
section 

decade 5 

counter 
range 

operation 

LE K a K b K c mode 
max. 
preset 
state 

jam 
inputs P 
used 

divide 

by

max, 
preset 
state 

jam 
inputs 
used 

BCD 
max. 

binary 
max. 

H H H H 2 1 J1 8 7 J2J3J4 15999 17331 

timer mode 
H L H H 4 3 J1J2 4 3 J3Jq 15999 18663 
H H L H 5 4 J1J2J3 2 1 J4 9999 13329 
H L L H 8 7 J1J2J3 2 1 J4 15999 21327 
H H H L 10 9 J1J2J3J4 1 0 — 9999 16659 
L H H H 2 1 J1 8 7 J2J3Jq 15999 17331 

divide•by n mode 

L L H H 4 3 J1J2 4 3 J3Jq 15999 18663 
L H L H 5 4 J1J2J3 2 1 J4 9999 13329 
L L L H 8 7 J1J2J3 2 1 J4 15999 21 327 
L H H L 10 9 J1J2J3J4 1 0 - 9999 16659 
H L H L 10 9 J1J2J3J4 1 0 — 9999 16659 

L L H L preset inhibited preset inhibited fixed 
10 000 

_ divide-by-10 000 mode 

X X L L master preset master preset master preset mode 

Where: 

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

Note 

It is recommended that the device is in the master preset mode (Kb = Kc = logic 0) in order to correctly 
initialize the device prior to start up. 

DC CHARACTERISTICS VSS = 0 V 

VVD symbol 
Tamb (° C) 

unit 
—40 
min. 

+ 25 
min. 

+ 85 
min. 

Output (sink) 4,75 2,7 2,3 1,8 

Q
Q

Q
 

Q
Q

Q
 

Q
 

E
E

E
 

E
E

E
 

E
 

VO = 0,4 V; VI = 0 or 4,75 V 
current LOW 10 IOL 9,5 8 6,3 VO = 0,5 V; V1 = 0 or 10 V 

15 24 20 16 VO= 1,5V;V1=0or15V 
Output (source) 5 0,8 0,7 0,5 VO = 4,6 V; V1 = 0 or 5 V 

current HIGH 10 -101.1 2,4 2 1,6 VO = 9,5 V; V1 = 0 or 10 V 
15 8,4 7 5,6 VO = 13,5 V; V1 = 0 or 15 V 

Output (source) 
current HIGH 5 —IOH 2,4 2 1,6 VO = 2,5 V; V1 = 0 or 5 V 
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Programmable divide-by-n counter 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times 5 20 ns 

HEF4059B 
LSI 

V V typical formula for P (µW) 

Dynamic power 5 1 100 fi + E(fOCL) x Vppz where 
dissipation per 10 5 500 fi + E(foCL) x Vppz fi = input freq. (MHz) 
package (P); n = 3 15 15000 fi + E(fOCL) x Vppz fo = output freq. (MHz) 

5 500 fi +  (f° CL) x Vppz CL = load capacitance (pF) 

n = 1000 10 3 500 fi + E(f° CL) x Vppz E(fOCL) = sum of outputs 

15 9000 fi + E(fOCL) x Vppz VDD = supply voltage (V) 

A.C. CHARACTERISTICS 

Vsg = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 5 20 ns 

VDD 
V 

symbol min. typ. max. typical extrapolation 
formula 

Propagation delays 5 90 180 ns 78 ns + (0,25 ns/pF) CL 
CP — ► O 10 tPHL 45 90 ns 40 ns + (0,10 ns/pF) CL 

HIGH to LOW 15 35 70 ns 32 ns+ (0,07 ns/pF) CL 

5 100 200 ns 76 ns+ (0,48 ns/pF) CL 
LOW to HIGH 10 tpLH 50 100 ns 40 ns+ (0,20 ns/pF) CL 

15 40 80 ns 33 ns + (0,15 ns/pF) CL 

Output transition 
times 5 30 60 ns 10 ns + (0,40 ns/pF) CL

HIGH to LOW 10 tTHL 15 30 ns 6 ns+ (0,18 ns/pF) CL 
15 10 20 ns 4 ns + (0,13 ns/pF) CL 

5 45 90 ns 10 ns+ (0,70 ns/pF) CL 
LOW to HIGH 10 tTLH 25 50 ns 9 ns + (0,33 ns/pF) CL 

15 16 32 ns 5 ns + (0,23 ns/pF) CL 

Maximum clock 5 3,5 7 MHz 
pulse frequency 10 fmax 7,5 15 MHz 

15 10,0 20 MHz 
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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 CTC), ten buffered outputs (O3 to Og and O11 to O13) 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 (O3 
to Og and O11 to O13 = 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 

TC 

11 RS 

12 MR 

CT

CP 
Cr' 

14 -STAGE BINARY COUNTER 

3 4 6 7 O8 9 11 O12 O13 
7 5 4 6 14 

Fig. 1 Functional diagram. 

16 15 14 13 12 11 10 I' I 
PINNING 

VDp Og O 7 O 8 MR RS RTC CTC 
MR 
RS 

HEF4060B RTC 
CTC 
O3 to Og 

On O12 O13 O 5 O4 O6 O 3 VSS O11 to O13 

uuuuuuuu 

7Z84432 

Fig. 2 Pinning diagram. 

HEF4060BP(N): 16-lead DIL; plastic (SOT38-1) 
HEF4060BD(F): 16-lead DIL; ceramic (cerdip) (SOT74) 
HEF4060BT(D): 16-lead SO; plastic (SOT109-1) 
( ): Package Designator North America 

FAMILY DATA 

IDD LIMITS category MSI I see Family Specifications 

13 15 1 2 3 

7284437.1 

:naster 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 

HEF4060B 
MSI 

VOO 
V 

symbol mi . typ. max. 
typical extrapolation

formula 

Propagation delays 
RS --i O3 5 210 420 ns 183 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 80 160 ns 69 ns+ (0,23 ns/pF) CL 
15 50 100 ns 42 ns+ (0,16 ns/pF) CL 

5 210 420 ns 183 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 80 160 ns 69 ns + (0,23 ns/pF) CL 

15 50 100 ns 42 ns + (0,16 ns/pF) CL 

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

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 AS 10 fmax 10 20 MHz 

15 15 30 MHz 

I (January1995 379 



HEF4060B 
MSI 

A.C. CHARACTERISTICS 

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

VDD typical formula for P (µW)* 

Dynamic power dissipation 5 700 fi + foCLVDD2
per package 10 3300 fi + foCLVDD2
(P) 15 8900 fi + foCLVDD2

Total power dissipation 5 700 fog + foCLVDD2 + 2CtVDD2 fosc + 690 VDD 
when using the 10 3300 fosc + foCLVDD2 + 2CtVDD2 fosc + 6 900 VDD 
on-chip oscillator (P) 15 8900 fosc +foCLVDD2 +2CtVDD2 fo +22000 VDD 

* where: 

fi = input frequency (MHz) 
fo = output frequency (MHz) 
CL = load capacitance (pF) 
VDD = supply voltage (V) 
Ct = timing capacitance (pF) 

fosc = oscillator frequency (MHz) 
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14-stage ripple-carry binary counter/divider and oscillator 

RC oscillator 

C2 

11 

MR )from logic) 

RS 

HEF4060B 

-No-. -
RTC CTC 
10 

R2 

9 

C 

T t
7Z84434 

Fig. 4 External component connection for RC oscillator. 

HEF4060B 
MSI 

Typical formula for oscillator 
frequency: 

_  1 
fosc 2,3 x Rt x Ct

Timing component limitations 

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, C. 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 St at Vpp = 5 V, 300 S2 at Vpp = 10 V and 
200 S2 at Vpp=15 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 kS2 5 Rt ' 1 MS2. 

Typical crystal oscillator circuit 
In Fig. 5, R2 is the power limiting resistor. 
transconductance is necessary. 

Fig. 5 External component connection for 
crystal oscillator. 

For starting and maintaining oscillation a minimum 

C3 

11 

MR )from logic) 

RS 

HEF4060B 

R T

R bias 
- 1 1 
100 kSt to 1 MS2 

22 to 
37 pF 

 I I 

10 

R2 
2,2 k&7 

C2 T 100pF 

7Z84433 
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R bias = 560 kSZ 

VDD 

0,47µF 

vi '\' 
(f = 1 kHz) 

O 

input output 

7284363 

Fig. 6 Test set-up for measuring forward transconductance gfs = dio/dvi at vo is constant (see also 
graph Fig. 7); MR = LOW. 

10 

gfs 

(mA/V) 

7,5 

5 

2,5 

7Z84364 

B 

A 

C 

0  
0 5 10 V IV 15 

DD 

Fig. 7 Typical forward transconductance gfs as 
a function of the supply voltage at Tamb = 25 ° C• 

Curves in Fig. 7: 

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

's' is the observed standard 
deviation. 
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105

fosc 
(Hz) 

104

103

102

10 

7290177 

Rt

Ct

HEF4060B 
MSI 

103 104 105 Rt (O) 106

10-4 10-3 10-2 Ct (µF) 10-1

Fig. 8 RC oscillator frequency as a function of Rt and Ct at Vpp = 5 to 15 V; Tamb = 25°C. 
Ct curve at At = 100 kSZ; R2 = 470 kS2. 
Rt curve at Ct = 1 nF; R2 = 5 At. 

8 

~ fosc 
1%) 

4 

0 

_4 

8 

12 
-50 0 

7290175 

15V 

15V 
by 
by 

5V

5V 

50 100 
Tamb (°C) 

150 

Fig. 9 Oscillator frequency deviation (Ofosc) as a function of ambient temperature; referenced at: fosc 
at Tamb = 25°C and Vpp = 10 V. 

  Rt =t00kI2;Ct =1 nF;R2=0. 
 Rt =100kS2;Ct =1 nF;R2=300kS2. 
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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 E is connected to VDD 
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 HEF40666 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. 

13 1 5 4 6 8 12 11 

E0 0 E1 Y1 E2 2 E3 3 

Zo Z1 Z2 Z3 

2 3 9 10 

7269571. 

7Z69712 

Fig. 2 Pinning diagram. 

Fig. 1 Functional diagram. HEF4066BP(N): 14-lead DIL; plastic (SOT27-1) 
HEF4066BD(F): 14-lead DIL; ceramic (cerdip) (SOT73)) 

PINNING HEF4066BT(D): 14-lead SO; plastic (SOT108-1) 

E0 to E3 enable inputs ( ): Package Designator North America 

V0 to Y3 input/output terminals APPLICATION INFORMATION 
Zo to Z3 input/output terminals An example of application for the HEF4066B is: 

• Analogue and digital switching 

En4> 

Yn

~ UDD

VSS 

' r1

Zn 7Z74626.2 

Fig. 3 Schematic diagram (one switch). 
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RATINGS 

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

Power dissipation per switch 

For other RATINGS see Family Specifications 

D.C. CHARACTERISTICS 

Tamb = 25 °C 

P max. 100 mW 

VDDV symbol min. typ. max. conditions 

5 — 350 2500 S2 1 En at VDD 
ON resistance 

15 RON - 60 175 
S2 f Vis = VSS to VDD 

see Fig. 4 

5 — 115 340 S2 En at VDD 
ON resistance 10 RON - 50 160 S2 Vis = VSS 

15 - 40 115 S2 J see Fig. 4 

5 — 120 365 S2 En at VDD 
ON resistance 10 RON - 65 200 S2 VI s = VDD 

15 — 50 155 S2 1 see Fig. 4 

'O' ON resistance 5 — 25 — S2 I En at VDD 
between any two 10 ORON - 10 — SZ l Vis = VSS to VDD 
channels 15 — 5 — S2 J see Fig. 4 

OFF state leakage 5 — — — nA 
current, any 10 IOZ — — — nA En at VSS 
channel OFF 15 — — 200 nA 

En input voltage 5 — 2,25 1 V 
LOW 10 V I L - 4,50 2 V I is = 10µA 

15 — 6,75 2 V see 
Fig. 9 

VDD 
V 

symbol Tamb (° C) 
—40 +25 +85 

conditions 

max. max. max. 

Quiescent device 5 1,0 1,0 7,5 µA 1 VSS = 0; all valid 
current 10 IDD 2,0 2,0 15,0 µA 1 input combinations; 

15 4,0 4,0 30,0 µA J VI = VSS or VDD 
Input leakage 

current at En 15 ± ' IN — 300 1000 nA En at VSS or VDD 
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Quadruple bilateral switches 

400 

RON 
(ill 

300 

200 

100 

0 

Fig. 4 Test set-up for measuring RON. 

7Z82373 

VDD =5V 

10V 

15V 

0 5 10 
Vis ( V ) 15 

HEF4066B 
gates 

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

En at VDD 
lis =200µA 
VSS=0V 

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 VSS• 
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HEF4066B 
gates 

A.C. CHARACTERISTICS 

V88 = 0 V; Tamb = 25 °C; input transition times c 20 ns 

VDD 
V 

symbol typ. max. 

Propagation delays 

Vis — Vos 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 

Output disable times 
En —► Vos 5 80 160 ns 

HIGH 10 tpHZ 65 130 ns ( note 2 
15 60 120 ns J 

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 l 

HIGH 10 tpZH 20 40 ns f note 2 
15 15 30 ns J 

5 45 90 ns l 
LOW 10 tPz L 20 40 ns } note 2 

15 15 30 ns JJJ

Distortion, sine-wave 5 0,25 
response 10 0,04 % note 3 

15 0,04 

Crosstalk between 5 — MHz l 
any two channels 10 1 MHz f note 4 

15 — MHz J 

Crosstalk; enable 5 — mV l 
input to output 10 50 mV } note 5 

15 — mV JJJ
OFF-state 5 — MHz l 

feed-through 10 1 MHz } note 6 
15 — MHz JJJ

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

15 — MHz 

V D
re hentypical formula for P (µW) 

f — P ut freq. (MHz) 
i 

fo = output freq. (MHz) 
Dynamic power 5 800 fi + E(foCL) x VDD2 CL = load capacitance (pF) 

dissipation per 10 3500 fi +E(fOCL) x VDD2 E(fOCL) = sum of outputs 
package (P) 15 10 100 fi + E(foCL) x VDD2 VDD = supply voltage IV) 
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Quadruple bilateral switches HEF4066B 
gates 

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 kS2 to VSS; CL = 50 pF to VSS; En = VDD; Vis = VDD (square-wave); see Figs 6 and 10. 
2. RL = 10 kS2; CL = 50 pF to VSS; En = VDD (square-wave); 

Vis = VDD and RL to VSS for tpHZ and tpZH; 
Vis = VSS and RL to VDD for tpLZ and tpzL; see Figs 6 and 11. 

3. RL= 10 kS2; CL= 15 pF; En = VDD; V5 1/2 VDD(PP) (sine-wave, symmetrical about 1/2 VDD); 
fis = 1 kHz; see Fig. 7. 

4. RL= 1 k ;( VV) /2 5=' VDD(PP) (sine-wave, symmetrical about 1/2 VDD); 

20 log V sS1A► 
50 dB; En (A) = VSS; En (B) = VDD; see Fig. 8. 

5. RL = 10 kSt to VSS; CL = 15 pF to VSS; En = VDD (square-wave); crosstalk is I Vos I (peak value); 
see Fig. 6. 

6. RL= 1 kS2; CL= 5 pF; En = VSS; Vis= 2 VDD(pp) (sine-wave, symmetrical about /2 VDD); 

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

Vis 
7. RL = 1 kS2; CL = 5 pF; En = VDD; Vis -'/2 VDD(PP) (sine-wave, symmetrical about 1/2 VDD); 

20 log Vos = —3 dB; see Fig. 7. 
Vis 

Fig. 6. 

Vis 

E~ 

Vos 

VSS 

Fig. 7. 
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HEF4066B 
gates 

VSS (a) 

VSS 

En (B) 

(b) 

Fig, 8. 

Fig. 9. 

VDD 

7Z74590.2 

(B) 
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Quadruple bilateral switches HEF4066B 

En INPUT 

Vos (1 ) 

Vos (2) 

V's

Vos 

20 ns 20 ns 

gates 

90% 

50% 

10% 

/50% 

~ tPLH tPHL 

VDD 

VSS 

7179897 

Fig. 10 Waveforms showing propagation delays from Vi s to Vos. 

20 ns 20 ns 
f 

90% 

50% 

10% 

  10% 

~— tPZH tPHZ 

tPZL PLZ 

90% 

10% 

(1) Vis at VDD; (2) Vat VSS. 

Fig. 11 Waveforms showing output disable and enable times. 

VDD 

VSS 

7Z7999a 
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HEF4067B 
MSI 

16-CHANNEL ANALOGUE MULTIPLEXER/DEMULTIPLEXER 

The HEF4067B is a 16-channel analogue multiplexer/demultiplexer with four address inputs (A0 to 
A3), an active LOW enable input (E), sixteen independent inputs/outputs (Y0 to Y15) and a common 
input/output (Z). 

The device contains sixteen bidirectional analogue switches, each with one side connected to an 
independent input/output (Y0 to Y15) 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 A0 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 A0 to A3. 

The analogue inputs/outputs (Y0 to Y15 and Z) can swing between VDD as a positive limit and VSS as 
a negative limit. VDD to VSS may not exceed 15 V. 

Fig. 1 Functional diagram. 

FAMILY DATA 

'DID LIMITS category MSI 

see Family Specifications 

10 

11 

4 2 

3 

15 

3 

1-of -16 
DECODER 

Y0 9 

Y1 8 
Y2 7 

Y3 6 
Y4 5 
Y5 4 

Yg 3 
Y7 2 
Y8 23 
Y9 22 

Y10 21 

V11 20 

Y12 19 

Y13 18 

Y14 17 

Y15 16 

Z 1 

7273694.3 
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HEF4067B 
MSI 

ADD Y8 Y9 Y10 Y11 Y12 Y13 Y14 Y15 

HEF4067B 

Y4 Y 3 Y2 Y1 Yo A0 Al ASS 
5 6 7 8 9 10 11 12 

7Z73693J 

Fig. 2 Pinning diagram. 

PINNING 

YO to Y15 independent inputs/outputs 
A0 to A3 address inputs 
E enable input (active LOW) 
Z common input/output 

FUNCTION TABLE 

HEF4067BP(N): 24-lead DIL; plastic 
(SOT101-1) 

HEF4067BD(F): 24-lead DIL; ceramic (cerdip) 
(SOT94) 

HEF4067BT(D): 24-lead SO; plastic 
(SOT137-11 

( ): Package Designator North America 

Yn

-N 

Fig. 3 Schematic diagram (one switch). 

inputs channel 

ON E A3 A2 Al A0 

L L 

J 
J 

J 
J 

I=
=

 
I 

J 
J 

J 
J
=

=
 

I=
 

X
 

i 

J 
J 

I 
I 

J 
J 

I=
 

J 
J 

I 
I 

J 
J
=

=
 

X
 

L Y0 -Z 
L L H Y1 - Z 
L L L Y2 -Z 
L L H Y3 -Z 
L L L Y4 -Z 
L L H Y5 -Z 
L L L Y6 -Z 
L L H Y7 -Z 
L H L Y8 -Z 
L H H Yg-Z 
L H L Y10 -Z 
L H H
L H L Y12 -Z 
L H H Y13 -Z 
L H L Y14 -Z 
L H H Y15 —Z 
H X X none 

VD D-±4

i r 

Zn

7Z82379.1 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
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16-channel analogue multiplexer/demultiplexer 

AO > 
o - DO 

Al >o . >O 

Az >O >O 

A3 DO 
>O---

>O 
Jo

> O

Do---

Do---

> O-

>--

> O -

>O 

>O---

HEF4067B 
MSI 

- Y1

- Y2 
- Y3 

Y4

Y5

- Y6 

Y7 

- Y6

- Y9

V10 

- Y72 

V13 

- V14 

7Z73883.2 

V15 

Z 
Fig. 4 Logic diagram. 
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HEF4067B 
MSI

D.C. CHARACTERISTICS 

Tamb = 25 oC 

VDD 
V 

symbol typ. max. conditions 

5 350 2500 St 
ON resistance 10 RON 80 245 SZ 1 Vis=VSS to VDD 

15 60 175 J see Fig. 5 

5 115 340 SZ 1 Vis= VSS ON resistance 10 RON 50 160 1 see Fig. 5 
15 40 115 SZ 

5 120 365 SZ 
ON resistance 10 RON 65 200 S2 1 Vis' VDD 

15 50 155 & J see Fig. 5 

'O' ON resistance 5 25 — l Vis =V  to VDD 
between any two 10 ORON 10 - 1 see Fig. 5 
channels 15 5 — S2 

OFF-state leakage 5 — — nA l 
current, all 10 IOZZ — — nA } E at VDD 
channels OFF 15 — 1000 nA JJJ

OFF-state leakage 5 — — nA 
current, any 10 IOZy — — nA Eat VSS J channel 15 — 200 nA
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16-channel analogue multiplexer/demultiplexer 

400 

RON 
(S~) 

300 

200 

100 

0 

HIGH 
(from address inputs) 

Vis = VSS to VDD 

Fig. 5 Test set-up for measuring RON• 

7Z82373 

VDD =5V 

10V 

15V 

0 5 10 Vis I V l 15 

7Z74591.2 

HEF4067B 
MSI 

is =200µA 

VSS 

Fig. 6 Typical RON as a function of input 
voltage. 
I is = 200µA 
VSS = 0V 

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 VSS• 

1 
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HEF4067B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times 5 20 ns 

VDD 
V 

typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1 100 fi + E(fOCL) x VDDZ
5000 f1 + E(foCL) X VDDZ 

13 300 f1 + E(foCL) x VDDZ 

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times 20 ns 

VDD 
V 

symbol typ. max. 

Propagation delays 
Vis 1  Vos 5 30 60 ns 

HIGH to LOW 10 tpHL 15 25 ns mote 1 
15 10 20 ns 

5 25 50 ns 
LOW to HIGH 10 tPLH 10 20 ns note 1 

15 10 20 ns 

An --. Vos 5 190 380 ns l 

1 
HIGH to LOW 10 tpHL 70 145 ns note 2 

15 50 100 ns 

5 175 345 ns l 
LOW to HIGH 10 tPLH 70 140 ns } note 2 

15 50 100 ns JJJ

Output disable times 

E --► Vos 5 195 385 ns l 
HIGH 10 tPHZ 140 280 ns }note3 

15 130 260 ns JJJ

5 215 435 ns l 
LOW 10 tPLZ 180 355 ns } note 3 

15 170 340 ns JJJ

Output enable times 
E - ..V 0 5 155 315 ns 

HIGH 10 tPz H 70 135 ns note 3 
15 50 100 ns 

5 170 340 ns l 
LOW 10 tpZL 70 140 ns } note 3 

15 50 100 ns JJJ
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16-channel analogue multiplexer/demultiplexer 

A.C. CHARACTERISTICS 

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

HEF4067B 
MSI 

VDD 
V 

symbol typ. max. 

Distortion, sine-wave 5 0,25 % l 
response 10 0,04 % }note 4 

15 0,04 % JJJ

Crosstalk between 5 — MHz 1 
any two channels 10 1 MHz i note 5 

15 — MHz 

Crosstalk; enable 5 — mV 
or address input 10 50 mV note 6 
to output 15 — mV 

OFF-state 5 — MHz 
feed-through 10 1 MHz note 7 

15 — MHz 

ON-state frequency 5 13 MHz 
response 10 40 MHz note 8 

15 70 MHz 

NOTES 

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

1. RL = 10 k&2 to VSS; CL = 50 pF to VSS; E = VSS% Vis = VDD (square-wave); see Fig. 7. 
2. RL = 10 kS2; CL = 50 pF to VSS% E = VSS% An = VDD (square-wave); Vis = VDD and RL to VSS for 

tpLH; Vis = VSS and RL to VDD for tpHL; see Fig. 7. 
3. RL = 10 kSt; CL = 50 pF to VSS; E = VDD (square-wave); 

Vis = VDD and R L to VSS for tpHZ and tpZH; 
Vis = VSS and AL to VDD for tPLZ and tpzL; see Fig. 7. 

4. RL = 10 kSt; CL = 15 pF; channel ON; Vis ='/z VDD(PP) (sine-wave, symmetrical about 1/2 VDD); 
fis = 1 kHz; see Fig. 8. 

5. RL = 1 kSt; Vis ='/Z VDD(PP) (sine-wave, symmetrical about 1/2 VDD(; 

20 log Vos = —50 dB; see Fig. 9. 
Vis _ 

6. AL = 10 kg to VSS; CL = 15 pF to VSS; E or An = VDD (square-wave); crosstalk is I V s I (peak 
value); see Fig. 7. 

7. RL = 1 kS2; CL = 5 pF; channel OFF; Vis =' /2 VDD(PP) (sine-wave, symmetrical about 1/2 VDD); 

20 log VO5= -50 dB; see Fig. 8. 
Vis 

8. R L = 1 k52; CL = 5 pF; channel ON; Vis ='/2  VDD(PP) (sine-wave, symmetrical about'/ VDD); 

20 log VO5 = —3 dB; see Fig. 8. 
Vis 
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HEF4067B 
MSI 

VSS 

channel channel 
ON OFF 

(a) 
VSS 

OS - IS 

Fig. 9. 

APPLICATION INFORMATION 

Some examples of applications for the HEF4067B are: 

• Analogue multiplexing and demultiplexing. 
• Digital multiplexing and demultiplexing. 
• Signal gating. 

7Z74593 

channel 
OFF 

Fig.  8. 

V os 

(b) 

NOTE 

If break before make is needed, then it is necessary to use the enable input. 

VO5

VSS 

VSS 
7Z74592 
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HEF4068B 
gates 

J  

8-INPUT NAND GATE 

The HEF4068B provides the 8-input NAND function. The outputs are fully buffered for highest noise 
immunity and pattern insensitivity of output impedance. 

-N 14 

15

16

17

2 
3 
4 
5 
9 

10 
11
12 

Io 
Ii 
I2 

I3 

I4 

I5 

I6 

I7 

13 

7 Z 69 567 

Fig. 1 Functional diagram. 

-N 
-N 

Fig. 3 Logic diagram. 

Z 69506 

Fig. 2 Pinning diagram. 

HEF4068BP(N): 14-lead Dl L; plastic 
(SOT27-1) 

HEF4068BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4068BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

O 

7Z74499 

FAMILY DATA 1 see Family Specifications 
'DD LIMITS category GATES 
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HEF4068B 
gates 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 5 20 ns 

VDD 
v 

symbol typ. max. 
typical extrapolation 

formula 

Propagation delays 
In --► 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 

VDD
v

typical formula for P (µW) 
where 

= input freq. (MHz) 
fo = output freq. (MHz) 

Dynamic power 5 700 fi + E(fOCL) x VDD2 CL = load capacitance (pF) 
dissipation per 10 2900 fi + E(fOCL) x VDD 2 E(foCL) = sum of outputs 
package (P) 15 7200 fi + E(fOCL) x VDD2 VDD = 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. 

1 Ii 0—l-? 

3 I2 
E oo2

4 

5 Is [>.003 6 

9 I 4 04 8 

11 I 5 
j .o 0 s 

 

10 

13_Is D _O0x_12 

7273696 

Fig. 1 Functional diagram. 

VDD 

I 

I   Jo 

VSS 7Z84371 

Fig. 3 Schematic diagram (one inverter). 

7Z73695 

Fig. 2 Pinning diagram. 

HEF4069UBP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4069UBD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4069UBT(D): 14-lead SO; plastic 
(SOT108-1) 

H: Package Designator North America 

FAMILY DATA 
see Family Specifications for VIHIVIL unbuffered stages 

'DO LIMITS category GATES 
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HEF4069UB 
gates 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 

VDD V symbol typ. max. 
typical extrapolation 

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 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 

V D typical formula for P (µW) 
f — 

hein 
P ut freq. (MHz) 

i 

fo = output freq. (MHz) 
Dynamic power 5 600 fi + E(foCL) x VDD Z CL = load capacitance (pF) 

dissipation per 10 4000 fi + E(foCL) x VDDZ E(foCL) = sum of outputs 
package (P) 15 22 000 fi + E(foCL) x VDD Z VDD = supply voltage (V) 
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Hex inverter 

5 

VO

(VI 

2,5 

7284367 
500 

00

10 

VO

(VI 

5 

I 
I 
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/ 

I' 
1 
1 

ID

(µA) 
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 0 
5 25 V1 (VI 

7Z84368 

I ' 
/ 
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/ 

/

/ 

/ 

0 
0 

20 

VO

(V) 

10 

5 VI (V) 10 

7Z84366.1 

/ 

/ 

/ 

/ 

/ 

/ 

A 
/1 

I
I 

/ 

0 
0 10 V1 (VI 

10 

ID

(mA) 

5 

0 

20 

ID

(mA) 

10 

0 
20 

HEF4069UB 
gates 

Fig. 4 Typical transfer characteristics; 
  VO; — — — ID(drain current); 1O = 0; 
VDD=5 V. 

Fig. 5 Typical transfer characteristics; 
— VO; — — — ID(drain current); 1O = 0; 
VDD = 10 V. 

Fig. 6 Typical transfer characteristics; 
— VO; — — — ID(drain current) 1O = 0; 
VDD = 15 V. 
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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. 

VDD 

1/6 HEF4069UB 1/6 HEF4069UB 

J A 

B 1 

C2 

VSS 

R1 

(a) 

f forward voltage 
clamping diode 

(b) 

R2 IC, 
T

7Z84373 

  V00 

Loy 
 1,5 VDD 

7Z7ls7 

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 Tp is given by Tp = T1 +T2, in which 

T1 = R1C1 In VDD + VST 2 VDD — VST 
and T2 = R1C1 In  

 
where 

VST VDD — VST 

VST is the signal threshold level of the inverter. The period is fairly independent of VDD• VST and 
temperature. The duty factor, however, is influenced by VST• 
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Hex inverter 

22 pF 

2,2 kS2 2 MHz 

  ~ I

1/6 HEF4069U6 100 22 
T pF T  pF 

1 MS2 

1/6 HEF4069UB 
(1) 

HEF4069UB 
gates 

7Z84369 

(1) This inverter is added to amplify the oscillator output voltage to a level sufficient to drive other 
LOCMOS circuits. 

Fig. 8 Crystal oscillator for frequencies up to 10 MHz, using two HEF4069UB inverters. 

50 

gain 

(VO /VI ) 

25 

0 

7Z84251.1 

tYP 

0 5 10 
VDD (V) 

15 

Fig.9 Voltage gain (VO/V1)asafunction 
of supply voltage. 

330 kSl 

1/6 HEF4069UB 

7Z84370 

20 

IDD 
(mA) 

15 

10 

5 

7Z84257.1 

typ

0  
0 5 10 VDD (V) 15 

Fig. 10 Supply current as a function 
of supply voltage. 

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) 

R bias = 560k52 

VDD 

10 

gfs 

(mA/V) 

7,5 

5 

2,5 

0 
0 5 10 V IV 15 

DD 

Fig. 13 Typical forward transconductance gfs as a 
function of the supply voltage at Tamb = 25 °C. 

0,47µF 

vi 'v 
(f = 1 kHz) 

O 

input output 100µF 

A io '' 

7Z84363 
V$$ 

Fig. 12 Test set-up for measuring forward transconductance 

gfs = dio/dvi at vo is constant (see also graph Fig. 13). 

7Z84364 

B 

A 

C 

Curves in Fig. 13: 

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

's' is the observed standard 
deviation. 
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HEF4070B 
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. 

7269549 

Fig. 1 Functional diagram. 

7273473 

Fig. 2 Pinning diagram. 

HEF4070BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4070BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4070BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

Fig. 3 Logic diagram (one gate). 

APPLICATION INFORMATION 

Some examples of applications for the HEF4070B are: 
• Logical comparators 
• Parity checkers and generators 

FAMILY DATA 
see Family Specifications 

IDD LIMITS category GATES 

O1

7Z74505.1 

TRUTH TABLE 

11 12 O1 

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 
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HEF4070B 
gates 

A.C. CHARACTERISTICS 

V5S = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 20 ns 

VDD V 
symbol typ. max. 

typical extrapolation 
formula 

Propagation delays 
In —► On 5 85 175 ns 58 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 21 ns+ (0,16 ns/pF) CL 

5 75 150 ns 48 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 30 65 ns 19 ns+ (0,23 ns/pF1 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/pF1 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 V typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL)=sum of outputs 
VDD = supplyvoltage (V) 

Dynamic power 
dissipation per 
package (PI 

5 
10 
15 

1100 fi + E(foCL) x VDD2
4900fi+ E(foCL) xVDD2

14400 fi + E(foCL) x VDD2
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HEF4071B 
gates 

QUADRUPLE 2-INPUT OR GATE 

The HEF4071 B is a positive logic quadruple 2-input OR gate. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 

7Z69557 

Fig. 1 Functional diagram. 

I 
O-1 V  O-  O 1 12 

7Z75423.1 

Fig. 3 Logic diagram (one gate). 

FAMILY DATA 

7Z59507 

Fig. 2 Pinning diagram. 

HEF4071 BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4071BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4071 BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

see Family Specifications 
IDD LIMITS category GATES 
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HEF4071B 
gates 

A.C. CHARACTERISTICS 

VgS = 0 V; Tamb = 25 °C; CL= 50 pF; input transistion times 20 ns 

VDD 
V 

symbol typ. 
max. typical extrapolation 

formula 

Propagation delays 
In — ►. On 5 55 115 ns 28 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 25 50 ns 15 ns + (0,23 ns/pF) CL 
15 20 35 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 45 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 

VDD typical formula for P (µW) where
 nput freq. (MHz) i — q 

fo = output freq. (MHz) 
Dynamic power 5 1150 fi + E(foCL) x VDDZ CL = load capacitance (pF) 

dissipation per 10 4800 fi + E(fOCL) x VDDZ E(foCL) = sum of outputs 
package (P) 15 19 700 fi + E(foCL) x VDDZ VDD = supply voltage (V) 

412 January 1995 
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HEF4072B 
gates 

DUAL 4-INPUT OR GATE 

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. 

2 Ii 
3 
4 
5 

I 2
I3 

I4 

9 I5 

10 

11 

12 

I5 

I7 

Ig 

O 1 

O2 13 

7Z69552 

Fig. 1 Functional diagram. 

Fig. 3 Logic diagram (one gate). 

FAMILY DATA 

IDD LIMITS category GATES 

7269508 

Fig. 2 Pinning diagram. 

HEF4072BPIN): 14-lead DIL; plastic 
(SOT27-1) 

HEF4072BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4072BT(D): 14-lead SO; plastic 
(SOT108-1) 

I ): Package Designator North America 

7Z75427.1 

see Family Specifications 
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HEF4072B 
gates 

A.C. CHARACTERISTICS 

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

VDD 
V 

symbol typ. max. 
typical extrapolation 

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 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 V 
typical formula for P (µW) 

where
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL= load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

950 fi + E(foCL) x VDD2
4500 fi + E(f0CL) x VDD2

13 700 fi + E(fOCL) x VDD2

414 January 1995 ) 
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HEF4073B 
gates 

 J  

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. 

7273698 

Fig.1 Functional diagram. 

11
12 

Z_  
)o- l 

>O—°i 

13 —' 
7Z75428.1 

Fig.3 Logic diagram (one gate). 

FAMILY DATA 

'DD LIMITS category GATES 

7Z73697 

Fig.2 Pinning diagram. 

HEF4073BP(N): 14-lead Dl L; plastic 
(SOT27-1) 

HEF4073BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4073BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

see Family Specifications 

") 
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HEF4073B 
gates 

A.C. CHARACTERISTICS 

V58 = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 20 ns 

VDD 
v symbol typ. max. 

typical extrapolation 
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 

VDD V 
typical formula for P (µW) 

where
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(fOCL) = sum of outputs 
VDD =supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

600 fi + E(fOCL) x VDDz 
2700 fi + ~(fOCL) x VDDz 
8400 fi + E(foCL) x VDDz 
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HEF4075B 
gates 

TRIPLE 3-INPUT OR GATE 

The HEF4075B provides the positive triple 3-input OR function. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 

7Z73700 

Fig.1 Functional diagram. 

12 

13 
7Z75417 

Fig.3 Logic diagram (one gate). 

FAMILY DATA 

IDD LIMITS category GATES 

7Z 73699 

Fig.2 Pinning diagram. 

HEF4075BP(N): 14-lead Dl L; plastic 
(SOT27-1) 

HEF4075BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4075BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

see Family Specifications 

') 
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HEF4075B 
gates 

A.C. CHARACTERISTICS 

VSg= 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 5 20 ns 

VDD 
V 

symbol typ. max, 
typical extrapolation 

formula 

Propagation delays 5 65 130 ns 38 ns + (0,55 ns/pF) CL 
In ► On 10 tpHL 30 60 ns 19 ns + (0,23 ns/pF) CL 

HIGH to LOW 15 20 40 ns 12 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 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 

VDD V 
typical formula for P (µW) 

where 
fi= input freq. (MHz) 
fo = output freq. (MHz) 
CL= load capacitance (pF) 
E(fOCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

750 fi + E(foCL) x VDD2 
3 600 fi + E(foCL) x VDD2 

11 200 fi + E(foCL) x VDD2 
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HEF4076B 
MSI 

QUADRUPLE D-TYPE REGISTER WITH 3-STATE OUTPUTS 

The HEF4076B is a quadruple edge-triggered D-type flip-flop with four data inputs (D0 to D3), two 
active LOW data enable inputs (EDo and ED1), a common clock input (CP), four 3-state outputs (O0 
to O3), two active LOW output enable inputs (E0o 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 transition of CP if both 
ED0 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 D0 to D3. When both ED0 and 
E01 are LOW, the contents of the four flip-flops are available at Op to O3. A HIGH on either E00 or 
E01 forces O0 to O3 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 O0 3 

13 D1 FF1 O1 4 

12 D2 to O2 5 

11 D3
FF4 

O3 6 

9 ED 

10 ED1

15 MR 

1 EO 0 

2 E01

7272867.2 
Fig. 1 Functional diagram. 

FAMILY DATA 
t 

IDD LIMITS category MSI J 

16 15 14 131 12 11 10 I' I 
VDD MR D0 D1 D2 D3 ED1 ED0

HEF4076B 

E00 E01 O0 O1 O2 O3 CP VSS 

uuuuuuuu 

7272868.2 

Fig. 2 Pinning diagram. 
HEF4076BP(N): 16-lead DIL; plastic 

(SOT38-1) 
HEF4076BD(F): 16-lead DIL; ceramic (cerdip) 

(SOT74) 
HEF4076BT(D): 16-lead SO; plastic 

(SOT109-1) 
( ): Package Designator North America 

PINNING 

DD to D3 data inputs 

EDo, ED1 data enable inputs (active LOW) 

EDo, E01 output enable inputs (active LOW) 

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

MR master reset input 

Op to O3 data outputs 

see Family Specifications 
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HEF4076B 
MSI 

D0 

D1 

cP 

D2 

D3 

MR 

ED0 

ED1 

EO0 

EO1

Fig. 3 Logic diagram. 
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Quadruple D-type register with 3-state outputs 

FUNCTION TABLE 

inputs outputs 

MR CP EDo ED1 Di., On

H 
L 
L 
L 
L 
L 

X 
I 
I 
I 
I 
l 

X 
H 
X 
L 
L 
X 

X 
X 
H 
L 
L 
X 

X 
X 
X 
H 
L 
X 

L 
no change 
no change 

H 
L 

no change 

EO0 = EO1 = LOW 

HEF4076B 
MSI 

When either EO0 or EO1 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 
I = positive-going transition 
l = negative-going transition 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns; see also waveforms Fig. 4 

VDD
V 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
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 

S)
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HEF4076B 
MSI 

A.C. CHARACTERISTICS 

V35 = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times < 20 ns 

VDD 
v symbol min. typ. max. 

typical extrapolation 
formula 

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 55 30 ns 
D11 — +► CP 10 thold 20 10 ns 

15 15 10 ns 

5 25 —25 ns 
EDn CP 10 thold 10 -10 ns 

15 5 —5 ns see also waveforms 
Minimum clock 5 120 60 ns Fig. 4 

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 
for MR 10 tRMR 35 15 ns 

15 20 10 ns 

Maximum clock 5 4 8 MHz 
pulse frequency 10 fmax 11 22 MHz 

15 16 32 MHz 

VDD 
V typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

2200 fi + E(fOCL) x VDD2
9300 fi + E(fOCL) x VDD2

24500 fi + E(foCL) x VDD2

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 
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Quadruple D-type register with 3-state outputs J L HEF4076B 
MSI 
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HEF4O77B 
gates 

QUADRUPLE EXCLUSIVE-NOR GATE 

The HEF4077B provides the exclusive-NOR function. The outputs are fully buffered for best perform-
ance. 

Al

B 

1 Al 

2 B1 

5 A2 
B 2

02
6 

8 
9 

12 

A 3 
B3 

A4
B4 13 

03

04 

7Z739021 

4 

10 

11 

Fig. 1 Functional diagram. 

D B4 AA4 04 03 B3 A3 

HEF4077B 

I B1 01 02 A 2 B2 ass 

7Z73901.1 

Fig. 2 Pinning diagram. 

HEF4077BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4077BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4077BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

O1

1 •__, 7Z74553.1 

Fig. 3 Logic diagram (one gate). 

FAMILY DATA 
see Family Specifications 

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) 

IDD LIMITS category GATES 
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HEF4077B 
gates 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

VDD

V 
symbol typ. max. 

typical extrapolation 
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 n5+ (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 

VDD V typical formula for P (µW) where
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

850 fi + E(foCL) x VDDZ
4500 fi + E(foCL) x VDDZ

14700 fi + E(fOCL) x VDDZ
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HEF4078B 
gates 

8-INPUT NOR GATE 

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 Ia 
3 Ii 
4 12 
5 I3 
9 I4 

10 I5 
11 I6 

I7 12 

0 13 

7Z69553. 

Fig. 1 Functional diagram. 

14 4> 
1 5 4>

l 64>

17 4>

Fig. 3 Logic diagram. 

FAMILY DATA 

7Z695091 

Fig. 2 Pinning diagram. 

HEF4078BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4078BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4078BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

o -

f>

o-

- O 

7275426 

see Family Specifications 
IDD LIMITS category GATES 
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HEF4078B 
gates 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 5 20 ns 

VDD
v 

symbol typ. max. 
typical extrapolation 

formula 

Propagation delays 
In - ► 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 80 160 ns 53 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 

Output transition 
times 5 60 120 ns 10 ns + (1,0 nsipF) 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 

VDDV typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

750 fi + E(fOCL) x VDD2
2800 fi + E(foCL) x VDD2
7500 f1+ (foCL) x VDD2
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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. 

7Z69569 

Fig.1 Functional diagram. 

ii
 O1 

12   VV
7274498.1 

Fig.3 Logic diagram (one gate). 

FAMILY DATA 

7Z69510 

Fig.2 Pinning diagram. 

HEF4081BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4081 BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4081 BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

see Family Specifications 

IDD LIMITS category GATES 

1 
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HEF4081B 
gates 

 J  

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 5 20 ns 

VDD 
v symbol typ. max. 

typical extrapolation 
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 

VDD V 
typical formula for P (µW) 

where
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(fQCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

450 fi + ~(fOCL) x VDD2
2900 fi + E(fOCL) x VDD2

11 700 fi + E(fOCL) x VDD2
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HEF4082B 
gates 

DUAL 4-INPUT AND GATE 

The HEF4082B provides the positive dual 4-input AND function. The outputs are fully buffered for 
highest noise immunity and pattern insensitivity of output impedance. 

2 I~ 

3 

4 

5 

Iz 

I3 

I4 

9 I6 
I6 L 
I7~ 
Ie 

10 
11 
12  r 

0i 1 

0 13 

7Z69570 

Fig. 1 Functional diagram. 

Fig. 3 Logic diagram (one gate). 

FAMILY DATA 

IDD LIMITS category GATES 

Fig. 2 Pinning diagram. 

HEF4082BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4082BD(F): 14-lead DI L; ceramic (cerdip) 
(SOT73) 

HEF4082BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

7Z74504 

see Family Specifications 
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HEF4082B 
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A.C. CHARACTERISTICS 

VS5 = 0 V; Tamb = 25 °C; CL ='50 pF; input transition times 20 ns 

VDD 
V symbol typ. max. 

typical extrapolation 
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 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 

VDD V typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 

Dynamic power 5 1500 fi + E(foCL) x VDD Z CL = loadcapacitance (pF) 
dissipation per 10 6700 fi + E(foCL) x VDDZ E(foCL) =sum of outputs 
package (P) 15 16800 fi + E(foCL) x VDD Z VDD = supplyvoltage (V) 
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HEF4085B 
gates 

DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATE 

The HEF4085B is a dual 2-wide 2-input AND-OR-invert gate, each with an additional input (A4 or B4) 
which can be used as either an expander input or an inhibit input. A HIGH on A4 or B4 forces the 
output (OA or OB) LOW independent of the other inputs (AO to A3 or B0 to B3). The outputs OA 
and OB are fully buffered for highest noise immunity and pattern insensitivity of output impedance. 

Fig. 1 Functional diagram. 

7Z742581 

Fig. 2 Pinning diagram. 

HEF4085BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4085BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4085BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

Fig. 3 Logic diagram (one gate). 

FAMILY DATA 
see Family Specifications 

LOGIC FUNCTION 

OA=A0°A1+A2 A3+A4 

OB = BO B1 + 82 .63 + B4 

IDD LIMITS category GATES 
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HEF4085B 
gates  J  

A.C. CHARACTERISTICS 

VS5 = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 20 ns 

VDD 
v 

symbol typ. max. 
typical extrapolation 

formula 

Propagation delays 
An, Bn — ► On 5 75 155 ns 48 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 65 135 ns 38 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 30 55 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 

VDD 
V 

typical formula for P (µW) 
where
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

750 fi + E(foCL) x VDD2 
3200 fi + E(fOCL) x VDD2 
9200f + E(foCL) x VDD2 
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 J  
HEF4086B 

gates 

4-WIDE 2-INPUT AND-OR-INVERT GATE 

The HEF4086B is a 4-wide 2-input AND-OR-invert (A01) gate with two additional inputs (18 and Ig) 
which can be used as either expander or inhibit inputs by connecting them to any standard LOCMOS 
output. A HIGH on 18 or a LOW on Ig forces the output (O) LOW independent of the other eight 
inputs (10 to 17). The output (O) is fully buffered for highest noise immunity and pattern insensitivity 
of output impedance. 

1 0 

2 1 

5 12

6 3 

8 4 
15 9 

12 6 

13 7 

10 8 

11 9 

O 3 

7Z73702.1 

Fig. 1 Functional diagram. 

PINNING 

I0 to 18 gate inputs 

Ig gate input (active LOW) 

O output (active LOW) 

FAMILY DATA 

7Z737011 

Fig. 2 Pinning diagram. 

HEF4086BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4086BD(F): 14-lead OIL; ceramic (cerdip) 
(SOT73) 

HEF4086BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

see Family Specifications 

'DD LIMITS category GATES 
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gates 

18 

IG 

I I

12 

13 

14

15

16

I7

Ig

Fig. 3 Logic diagram. 

LOGIC EQUATION 

O=10.11+12 13+14 15+16.17+Ig+Ig 

O- O 

7Z74597 
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4wide 2-input AND-OR-invert gate 

A.C. CHARACTERISTICS 

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

HEF4086B 
gates 

VDD 
V symbol typ. max. 

typical extrapolation 
formula 

Propagation delays 
10 to 17 —b. 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 --► O 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 

Tg --► 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 

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 

VDD V 
typical formula for P (µW) 

where 
fi = input freq. (MHz) 
f°  = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

525 fi + E(foCL) x VDDZ
2600 fi + E(foCL) x VDDZ
7300 fi + E(fOCL) x VDDZ

1 
(Janua 1995 437 



HEF4086B 
gates 

APPLICATION INFORMATION 

Figure 4 shows two HEF4086B ICs connected to obtain an 8-wide 2-input AOI function. 
The output (OA) of the first IC is fed directly into the I9B gate input of the second IC. Similarly, 
any NAND gate output can be fed directly into the 19 gate input to obtain a 5-wide AO1 function. 
In addition, any AND gate output can be fed directly into the 18 gate input with the same result. 

I QA 

IlA 

12A 

I0B 

I 18 

128 

13A 

14A 

5 

16A 

17A 

18A 
VSS 

19A 
V DD 

VSS 

i3B 

14B 

158 

168 

17B 

8 

98 7Z85104 

Fig. 4 Two HEF4086B ICs connected as an 8-wide 2-input AO1 gate. 

Logic equation for Fig. 4: 

Og = I0A I l A + 12A 13A + 14A 15A + 16A ' 17A + 10B ' 11 B + 12B ' 136 + 14B ' 15B + 16B ' 17B 
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HEF4093B 

/  
gates 

QUADRUPLE 2—INPUT NAND SCHMITT TRIGGER 

The HEF4093B consists of four Schmitt-trigger circuits. Each circuit functions as a two-input NAND 
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). 

7Z73704.2 

Fig. 1 Functional diagram. 

FAMILY DATA 

'DD LIMITS category GATES 
l 

1 

Fig. 2 Pinning diagram. 

HEF4093BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4093BD(F): 14-lead DL; ceramic (cerdip) 
(SOT73) 

HEF4093BTID): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

Fig. 3 Logic diagram (one gate). 

see Family Specifications 
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HEF4093B 
gates 

D.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C 

VDDV symbol min. typ. max. 

Hysteresis 5 0,4 0,7 — V 
voltage 10 VH 0,6 1,0 - V 

15 0,7 1,3 - V 

Switching levels 5 1,9 2,9 3,5 V 
positive-going 10 Vp 3,6 5,2 7 V 
input voltage 15 4,7 7,3 11 V 

negative-going 5 1,5 2,2 3,1 V 
input voltage 10 VN 3 4,2 6,4 V 

15 4 6,0 10,3 V 

t 

- VH - VI 

VN VP 7269995.7 

Fig. 4 Transfer characteristic. 

Vp 
VI

VO

VH

7284130.1 

Fig. 5 Waveforms showing definition of Vp, VN and VH; where VN and Vp are between limits of 
30% and 70%. 
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Quadruple 2-input NAND Schmitt trigger 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

HEF4093B 
gates 

VDDV s mbol y t yp' max. 
typical extrapolation 

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 

VDD 
V 

typical formula for P (µW) 
where 
fi = input freq. (MHz) 
to = output freq. (MHz) 
CL = load capacitance (pF) 
E(fOCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1300 fi + E(foCL) x VDDZ
6400 fi + E(foCL) x VDDZ

18700 fi + E(foCL) x VDDZ
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200 

ID
(µA) 

100 

0 
25 V1 (V) 0 

7Z84134 

5 

1000 

ID
(µA) 

500 

7Z84133 

0  
0 5 V1 (V) 10 

Fig. 6 Typical drain current as a function of Fig. 7 Typical drain current as a function of 
input voltage; VDD = 5 V; Tamb = 25 °C. input voltage; VDD = 10 V; Tamb = 25 °C. 

2000 

ID

(µA) 

1000 

7Z84135 

0  
0 10 Vi (V) 20 

Fig. 8 Typical drain current as a function of 
input voltage; VDD = 15 V; Tamb = 25 °C. 
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Quadruple 2-input NAND Schmitt trigger HEF4093B 

10 

VI
(V) 

5 

0 

gates 

7Z84136.1 

VP

75 

i

2,5 12,5 VOD (V) 17,5 

Fig. 9 Typical switching levels as a function of supply voltage VDD- Tamb = 25 OC. 
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J \ 

APPLICATION INFORMATION 

Some examples of applications for the HEF4093B are: 

• Wave and pulse shapers 
• Astable multivibrators 
• Monostable multivibrators. 

VDD 

Fig. 10 The HEF4093B used as a astable multivibrator. 

Cp

i 

VDD 

Fig. 11 Schmitt trigger driven via a high impedance (R > 1 kS2). 

If a Schmitt trigger is driven via a high impedance (R > 1 k&2) then it is necessary to incorporate a 

capacitor C of such value that: C > VD uSS 
otherwise oscillation can occur on the edges of a pulse. 

 p 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. 
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HEF4094B 
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 O0 to O7. The parallel outputs 
may be connected directly to common bus lines. 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 Os) are available for cascading a number of HEF4094B devices. Data is 
available at Os 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 Os on the next negative-going 
clock edge and provides cascading HEF4094B devices when the clock rise time is slow. 

2 D 

3 CP 

1 STR 

8-STAGE SHIFT 

REGISTER 

Os, 
10 

Os 9 

15 EO 

8-BIT STORAGE 

REGISTER 

3-STATE OUTPUTS 

O0 O1 O2 O3 O4 O5 O6 O7

4 5 6 7 

Fig. 1 Functional diagram. 

14 13 12 11 
7274614.1 

16 15 14 13 12 11 10 I' I 
VDD EO O4 O5 O6 O7 Os Os 

HEF4094B 

STR D CP O0 O 1 O 2 O3 VSS 

W HWL uu 
Fig. 2 Pinning diagram. 

HEF4094BP(N): 16-lead Dl L; plastic 
(SOT38-1) 

HEF4094BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4094BT(D): 16-lead SO; plastic 
(SOT109-1) 

( 1: Package Designator North America 

PINNING 

D data input EO output enable input 

CP clock input Os, Os serial outputs 

STR strobe input O0 to O7 parallel outputs 

FAMILY DATA 
} see Family Specifications 

7 Z7461 3.1 

IDD LIMITS category MSI 
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8-stage shift-and-store bus register HEF4094B 
MSI 

FUNCTION TABLE 

inputs parallel outputs serial outputs 

CP EO STR D O0 On Os Os 

J 
1 
I 
J 
I 
1 

L 
L 
H 
H 
H 
H 

X 
X 
L 
H 
H 
H 

X 
X 
X 
L 
H 
H 

Z 
Z 
nc 
L 
H 
nc 

Z 
Z 
nc 
On_1 
On-1 
nc 

Og 
nc 
Og 
Og 
Og 
nc 

nc 
O7 
nc 
nc 
nc 
O7 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
I = positive-going transition 
1 = negative-going transition 
Z = high impedance off state 
nc = no change 
Og =the information in the seventh shift register stage 

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; Tamb = 25 OC; input transition times c 20 ns 

V V typical formula for P (µW) where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(fOCL) = sum of outputs 
VDD =supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

2100 fi + E(fOCL) x VDDZ
9700 fi + E(fOCL) x VDDZ

26000f + E(foCL) x VDDZ
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HEF4094B 
MSI / 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

VDT 
V symbol typ. max. 

typical extrapolation 
formula 

Propagation delays 
CP — ► Os 5 135 270 ns 108 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 

5 105 210 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 

CP —► OS 5 105 210 ns 78 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 

5 105 210 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 

CP ► On 5 165 330 ns 138 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 ns + (0,16 ns/pF) CL 

5 150 300 ns 123 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 70 140 ns 59 ns + (0,23 ns/pF) CL 

15 55 110 ns 47 ns + (0,16 ns/pF) CL 

STR —► 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 35 70 ns 27 ns + (0,16 ns/pF) CL 

5 100 200 ns 73 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 
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8-stage shift-and-store bus register 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 0C; CL = 50 pF; input transition times 20 ns 

 J  

HEF4094B 
MSI 

VDD 
V 

symbol min. typ. max. 

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 tPZ L 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 12 ns 

Set-up times 5 60 30 ns 
D —► CP 10 t s~ 20 10 ns 

15 15 5 ns 

Hold times 5 5 —15 ns 
D —► 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 
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HEF4094B 
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CLOCK INPUT 

DATA INPUT 

STROBE INPUT 

OUTPUT ENABLE INPUT 

INTERNALOb (FF 1 ) 

OUTPUT OQ 

INTERNALO6 (FF 7) 

OUTPUT O6 

SERIAL OUTPUT OS

SERIAL OUTPUT OS 
7Z74637,2 

Fig. 4 Timing diagram. 
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8-stage shift-and-store bus register 

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) 

.I 
O0 O7 

HEF4094B O 

STR CP 

CONTROL 
AND 

SYNC 
CIRCUITRY 

DIGITALLY CONTROLLED 
EQUIPMENT 

-I. 
O0 O7 

HEF4094B O 

STR CP 

HEF4094B 
MS I 

DIGITALLY CONTROLLED 
EQUIPMENT 

'U.." 
O0 O7 

HEF4094B 

STR CP 

data clock 

from remote 
control panel 

Fig. 5 Remote control holding register. 

7Z85108 

1 
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HEF4104B 
MSI 

QUADRUPLE LOW TO HIGH VOLTAGE TRANSLATOR 

WITH 3-STATE OUTPUTS 
The HEF4104B 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 (10 to 13), an active HIGH output enable input 
IEO), four data outputs (O0 to O3) and their complements (O0 to O3). 

With EO HIGH, O0 to O3and O0 to O3 are in the low impedance ON-state, either HIGH or LOW as 
determined by 10 to 13; with EO LOW, O0 to O3 and O0 to O3 are in the high impedance OF F-state. 

The device uses a common negative supply (VSS) and separate positive supplies for inputs (VDDI) and 
outputs (VDDO). VDDI must always be less than or equal to VDDO, even during power turn-on and 
turn-off. For the permissible operating range of VDDI and VDDO see graph Fig. 4. 

Each input protection circuit is terminated between VDDO and VSS. This allows the input signals to 
be driven from any potential between VDDO and VS5, without regard to current limiting. When 
driving from potentials greater than VDDO or less than VSS, the current at each input must be limited 
to 10 mA. 

5 

11 

12 

I 

15 IEO 

LEVEL 
CONVERTER 

16 15 14 13 12 11 10 f'I 

VDDI EO O 3 O 3 13 12 O 2 0 2

HEF4104B 

VDDO O0 O0 l0 1 1 O1 O1 VSS 

~uvUuuuu 
7Z73709 .I 

Fig. 2 Pinning diagram. 

HEF4104BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4104BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4104BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

PINNING 

10 to 13 data inputs 

EO output enable input 

O0 to O3 data outputs 

Op to O3 complementary data outputs 

Oo-3 1 
Fig. 1 Functional diagram. 

FAMILY DATA 

'DD LIMITS category MSI Jsee Family Specifications 

7Z74574.1 
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HEF4104B 
MSI 

ID 
 * O-No-

EO 

VDDI VDDO 7273712.2 

O1

O1

O 2

O 2

O 3

O 3

level 
converter 

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

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

HEF4104B 
MS I 

VDD 
V 

symbol typ. max. 
typical extrapolation 

formula 

Propagation delays 
On, On 5 170 340 ns 143 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 80 160 ns 69 ns+(0,23 ns/pF) CL 
15 65 135 ns 57 ns + (0,16 ns/pF) CL 

5 170 340 ns 143 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 80 160 ns 69 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 

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 

VDD V typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

3000 fi + E(fOCL) x VDD2
12 200 fi + E(foCL) x VDD2
31 000 fi + E(foCL) x VDD 2
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HEF4104B 
MSI 

7Z73671.1 
15 

V000 
(V) 

10 

5 

0 
0 5 10 15 VDDI IV) 

Fig. 4 VDDO as a function of VDDI% 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 (O1 to O6) 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. 

7Z75372.2 

Fig. 1 Functional diagram. 

6x 

L - - 

EO D 
Fig. 3 Logic diagram. 

-ft 14 13 12 11 10 1' l 
VDD D6 O6 O5 E O5 D4 04

ID HEF4502B 

D3 O3 D1 EO O1 D2 O2 VSS 

uuuuuuuu 

7Z75366.2 

Fig. 2 Pinning diagram. 

HEF4502BPIN): 16-lead DIL; plastic (SOT38-1) 
HEF4502BD(F): 16-lead DIL; ceramic (cerdip) (SOT74) 
HEF4502BT(D): 16-lead SO; plastic (SOT109-1) 
( ): Package Designator North America 

PINNING 

D1 to D6 data inputs 

E enable input 

EO output enable input 

O1 to O6 3-state outputs 

i 

_J 

7Z75373.2 

TRUTH TABLE 

inputs output 

Dn E EO On

L L L H 
H L L L 
X H L L 
X X H Z 

H = H IG H state (the more pos. voltage) 
L = LOW state (the less pos. voltage) 
X = state is immaterial 
Z = high impedance off state 

FAMILY DATA 

IDD LIMITS category BUFFERS 
see 

Family Specifications 
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HEF4502B 
buffers 

J \ 

D.C. CHARACTERISTICS 

VSS=0V 

VDD 
V 

VOH 
V 

VOL 
V 

symbol —40 
min. 

Tamb (°C) 

+25 
max. min. max. 

+85 
min. max. 

Output current 5 4,6 1,2 1,0 0,8 mA 
HIGH 10 9,5 -1OH 3,8 3,2 2,5 mA 

15 13,5 12,0 10,0 8,0 mA 

Output current 
HIGH 5 2,5 —'OH 3,8 3,2 2,5 mA 

Output current 4,75 0,4 3,5 2,9 2,3 mA 
LOW 10 0,5 IOL 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 S 20 ns 

VDD V typical formula for P (µW) 
where 
fi = output freq. (MHz) 
f°  = output freq. (MHz) 
CL = load capacitance (pF) 
E(f° CL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

5000 fi + E(foCL) x VDDZ
25000 fi + E(foCL) x VDDZ
85000 fi + E(foCL) x VDDZ

458 January 1995 I 



Strobed hex inverter/buffer 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb - 25 ° C; CL = 50 pF; input transition times 5 20 ns 

HEF4502B 
buffers 

VDD 
V 

symbol typ. max. 
typical extrapolation 

formula 

Propagation delays 
Dn, E —i 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 
15 35 70 ns 33 ns+ (0,04 ns/pF) CL 

5 80 160 ns 66 ns + (0,28 ns/pF) CL 
LOW to HIGH 10 tpLH 35 70 ns 28 ns + (0,13 ns/pF) CL 

15 30 60 ns 25 ns+ (0,10 ns/pF) CL 

Output transition 
times 5 25 50 ns 10 ns + (0,30 ns/pF) CL 

HIGH to LOW 10 tTHL 12 24 ns 7 ns+ (0,11 ns/pF) CL 
15 8 15 ns 5 ns + (0,07 ns/pF) CL 

5 30 60 ns 5 ns + (0,50 ns/pF) CL 
LOW to HIGH 10 tTLH 15 30 ns 3 ns+ (0,24 ns/pF) CL 

15 12 24 ns 3 ns + (0,18 ns/pF) CL 

3-state propagation 
delays 

Output disable times 
EO —► On 5 60 160 ns 

HIGH 10 tpHZ 55 140 ns 
15 55 140 ns 

5 50 100 ns 
LOW 10 tpLZ 35 70 ns 

15 30 60 ns 

Output enable times 
EO —► On 5 60 120 ns 

HIGH 10 tpZH 35 70 ns 
15 30 60n5 

5 55 110 ns 
LOW 10 tpZL 25 50 ns 

15 20 40 ns 
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HEF4505B 
LSI 

J  

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 (DOUT) only 
when the memory is strobed, the read/write input (R/W) is HIGH and after the read access time 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. 

14 13 12 11 10 I' I I ~ I 

VDD DIN A5 A4 DOUT R/W CE2 

HEF4505B 

A0 Al A2 A3 ST CE1 VSS 

WWWWLJLiW 

Fig. 1 Pinning diagram. 

PINNING 

A0 to A5 address inputs 

CE1, CE2 chip enable inputs 

R/W read/write input 

ST strobe input 

DIN data input 

DOUT data output 

SUPPLY VOLTAGE 

rating operating 

-0,5 to +15 4,5 to 15 V 

7274627 

HEF4505BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF4505BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

( ): Package Designator North America 

FUNCTION TABLE 

ST, CE1, CE2 R/W DOUT mode 

L 
H 
L 
H 

L 
L 
H 
H 

Z 
Z 
Z 
equal to memory data 

disabled 
write 
disabled 
read 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
Z = high-impedance OFF-state 

Minimum standby voltage for data retention is 3 V. 

FAMILY DATA 
see Family Specifications 

IDD LIMITS category LSI 
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HEF4505B 
LSI 
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64-bit, 1-bit per word random access read/write memory 

A.C. CHARACTERISTICS 

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

HEF4505B 
LSI 

VDD V symbol y min. t yp. max. typical extrapolation 
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/p F) C L 

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 

5 105 210 ns 
Output disable times 10 tPHZ, 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 
DIN--. ST 10 tsu D 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 
DIN--r ST 10 tholdD 5 —10 ns 

15 10 0 ns 

") 
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HEF4505B 
LSI 

A0 to A5

INPUTS 

ST INPUT 
(CE1=CE2 =H) 

(2) 

R/W INPUT 

BOUT 
OUTPUT 

50% address stable 

su A t ST H 

1 50%

/50% 

su R 

t RC 

t 

._tACC _ 

(1) Output in high impedance OFF-state. 
(2) tSTHmin = tRCmax — tSTLmin• 

 1 50% 

t AR 

address 
may change 

f 

tSTL 

t RR r 

tPHZ tPLZ 

data valid 

Fig. 3 Read cycle timing diagram. 

(1) 

7274629 
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64-bit, 1-bit per word random access read/write memory 

A0 to A5

INPUTS 

ST INPUT 

(CE1 =CE2 =H) 
(1) 

R/W INPUT 

- 

/50% address stable 

su A tSTH 

/50% 

tWC 

\50% 

tAR 

HEF4505B 
LSI 

address 
may change 

tSTL 

f tsuW i 

~ tsuD_ 

DIN INPUT 50% 

(1) tSTHmin - tWCmax — tSTLmin• 

tWR 

tholdD 

data stable 

Fig. 4 Write cycle timing diagram. 

f 

7Z~74629 
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HEF4505B 
LSI 

APPLICATION INFORMATION 

address 
tries 

data 
input 

dynamic 
strobe 

J L 

read /write 

Y 
expand vertically for n -bits 

1 
2 
3 
4 HEF4505B 
11 
12 64 -BIT 10 
6 

RAM 

8 
5 
9 
13 

1 
2 
3 
4 
11 HEF4505B 

12 64 -BIT 10 
6 RAM 
8 
5 
9 
13 

.— output 

1 
2 
3 
4 

HEF4505B 11 
12 64 -BIT 10 
6 RAM 
8 
5 
9 
13 

1 
2 
3 
4 

HEF4505B 11 
12 
6 

64- BIT 10 
RAM 

8 
5 
9 
13 

7ZB43B9 

Fig. 5 256-word by n-bit static read/write memory using HEF4505B ICs. 
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64-bit, 1-bit per word random access read/write memory 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 ICs 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 Vg, and + V is the ordinary voltage from a power supply. VDD is connected to the power supply 
pin of the memory. Low-leakage diodes are recommended to conserve battery power. 

Fig. 6 Standby battery circuit. 

1 
I January 1995 467 





HEF4508B 
MSI 

DUAL 4-BIT LATCH 

The HEF4508B 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 (O). 

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. 

4 

6

8 

DOA 

D1A 

D2A 

10 D3A 

2 STA T
1 MR 

LATCH 

1 to 4 

3 E OA

16 D06 

18 

20 

22 

D1B 

D2B 

D3B 

14 ST 

13 MRB

LATCH 

1 to 4 

15 EOB

O0A 5 

O1A 7 

O2A 9 

O3A 11 

O0B 17 

O16 19 

O2B 21 

O3B 23 

7Z74605.2 

Fig. 1 Functional diagram. 

FAMILY DATA 
see Family Specifications 

IDD LIMITS category MSI 
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HEF4508B 
MSI 

24 23 22 21 20 19 18 17 16 15 14 13 

VDD 03B D3B 02B D2B 01B D1B 00B DOB EOB STB M RB

HEF4508B 

M RA STA EOA DOA 00A D1A 01A D2A 02A D3A 03A VSS 

L_I Lai Li 1 4 I 15 l 1 6 1 J 7 J U 1 9 1 J10I 1111 1121 
7274604.2 

Fig. 2 Pinning diagram. 
HEF4508BP(N): 24-lead DIL; plastic 

(SOT101-1) 
HEF4508BD(F): 24-lead DIL; ceramic (cerdip) 

(SOT94) 
HEF4508BT(D): 24-lead SO; plastic 

(SOT137-1) 
PINNING U: Package Designator North America 
DOA to D3A, D03 to D3B data inputs 

STA, STB strobe inputs 

MRA, MRB master reset inputs 

EOA, FOB output enable inputs 

O0A to 03A, O0B to 03B 3-state outputs 

FUNCTION TABLE 

inputs output 

MR ST EO Dn On

L 
L 
L 
H 
X 

H 
H 
L 
X 
X 

L 
L 
L 
L 
H 

H 
L 
X 
X 
X 

H 
L 

latched 
L 
Z 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
Z = high impedance OFF state 
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Dual 4-bit latch HEF4508B 
` MSI 

E0 

D O  
7274607.3 

Fig. 3 Logic diagram lone 4-bit latch). 

0~ 

02

03
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HEF4508B 
MSI 

A.C. CHARACTERISTICS 

VS5 = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 20 ns; see also waveforms Fig. 4. 

VDD symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
ST 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 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 tpz L 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 
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Dual 4-bit latch 

A.C. CHARACTERISTICS 

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

HEF4508B 
MSI 

VDD 
V 

symbol mln. typ. max. 

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 see also waveforms 

15 15 0 ns Fig.4 

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 thold 20 0 ns 

15 15 0 ns 

VDD 
V 

typical formula for P (µW) where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

2 000 fi + E(foCL) x VDDZ
9 000 fi + E(foCL) x VDDZ

25 000 fi + E(foCL) x VDDZ 
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HEF4508B 
MSI 
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Dual 4-bit latch 

APPLICATION INFORMATION 

Some examples of application for the HEF4508B are: 

• Buffer storage 
• Holding registers 
• Data storage and multiplexing 

reset 
clock 

serial 
data 

strobe 

output 
enable 

output 
enable 

4 -line 
data 
bus 

HEF4508B 
MSI 

--- . i 

► 

j 

HI 

• T 

-r 

CPA MRA 

4 —BIT 
SHIFT REGISTER 

O0A O1A O2A O3A 

CPg MRg 

4 —BIT 
SHIFT REGISTER 

Dg 

O0B O1B O28 O38 

►DA 

r 

H 
-,E OB

DOA D A D2A D3A 

STA QUADRUPLE 
_ LATCH 

3 -STATE 

O0A O1A O2A O3A 

DOB D B D2B D3B 

STB QUADRUPLE 
LATCH 

3 -STATE 

O0B O1B O2B O38 

r 

►EOA 

• e 
7Z84161 

Fig. 5 Example of a bus register using HEF4508B and HEF4015B. 

F4015 B 

EF4508B 
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HEF4508B 
MSI 

APPLICATION INFORMATION (continued) 
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HEF4510B 
MSI 

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/CN), an active LOW count enable input (CE), an asynchronous 
active HIGH parallel load input (PL), four parallel inputs (PD to P3), four parallel outputs (O0 to O3), 
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/ DN determines the direction of the count, HIGH for count-
ing up, LOW for counting down. When counting up, TC is LOW when O0 and O3 are HIGH and CE is 
LOW. When counting down, TC is LOW when O0 to 03and CE are LOW. A HIGH on MR resets the 
counter (O0 to O3 = LOW) independent of all other input conditions. 

4 3 

` P0 

1 

15 

5 

10 

9 

12 13 

P1 I P2 P3

PL 
PARALLEL LOAD CIRCUITRY 

CP SD /CD

CE 
UP/DOWN TC _'C 

UP/DN COUNTER 

MR 
CD

1O0 1O1 1O2 

6 11 14 

Fig. 1 Functional diagram. 

O3

7 

2 7273715.2 

HEF4510BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4510BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4510BT(D): 16-lead SO; plastic 
(SOT109-1) 

I ): Package Designator North America 

VDD CP 02 P2 P1 01 UP/ MR 

HEF45106 
CN 

PL O3 P3 PO CE 0 TC Vss 

Fig. 2 Pinning diagram. 
7Z73713 

PINNING 

PL parallel load input (active HIGH) UP/ii up/down count control input 

PO to P3 parallel inputs MR master reset input 

CE count enable input (active LOW) TC terminal count output (active LOW) 

O0 to O3 parallel outputs CP 
edge triggered) 

FAMILY DATA 

clock pulse input (LOW to HIGH, 

IDD LIMITS category MSI 
see Family Specifications 
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Fig. 3a Logic diagram (continued in Fig. 3b). 



BCD up/down counter 

a 

b 
c 

e 
f 
g 
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b 4

HEF4510B 
MSI 

—O 
FE 
2 

FE 
3 

-o 

►-O 

b 

FE 
4 

k  ► 
I 
m 
n —p 

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

O3

7Z75080.1 

January 1995 479 



HEF4510B 
MSI 

FUNCTION TABLE 

MR PL UP/UN CE CP mode 

L 
L 
L 
L 
H 

H 
L 
L 
L 
X 

X 
X 
L 
H 
X 

X 
H 
L 
L 
X 

X 
X 
I 
f 
X 

parallel load 
no change 
countdown 
count up 
reset 

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

count up ---- count down 

Fig. 4 State diagram. 

Logic equation for terminal count: 

TC=CE• { (UP/DN) O0 O3 + (UP/DN) O0'O1'O2'O3 

A.C. CHARACTERISTICS 

VS5 = 0 V; Tamb = 25 °C; input transition times 20 ns 

VDD 
V typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1000 fi + E(fOCL) x VDD2
4500 f1+ E(foCL) x VDDZ

11200f + E(foCL) x VDDZ

480 January 1995 

7Z69575 

where 
fi = input freq. (MHz) 
f°  = output freq. (MHz) 
CL = load capacitance (pF) 
E(fOCL) = sum of outputs 
VDD = supply voltage (V) 



BCD up/down counter HEF4510B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 5 20 ns 

VDD
v 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
Cp -► On 5 145 290 ns 118 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 

5 155 310 ns 128 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 5 260 525 ns 233 ns+ (0,55 ns/pF) CL 
HIGH to LOW 10 tpHL 105 210 ns 94 ns+ (0,23 ns/pF) CL 

15 75 150 ns 67 ns+ (0,16 ns/pF) CL 

5 180 360 ns 153 ns+ (0,55 ns/pF) CL 

LOW to HIGH 10 tPLH 75 150 ns 64 ns+ (0,23 ns/pF) CL 
15 55 115 ns 47 ns + (0,16 ns/pF) CL 

PL —► On 5 125 255 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 85 ns 32 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 50 105 ns 42 ns+ (0,16 ns/pF) CL 

PL TC 5 250 500 ns 223 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tpHL 110 220 ns 99 ns + (0,23 ns/pF) CL 

15 80 160 ns 72 ns+ (0,16 ns/pF) CL 

5 250 500 ns 223 ns + (0,55 ns/pF) CL 

LOW to HIGH 10 tpLH 110 220 ns 99 ns+ (0,23 ns/pF) CL 

15 80 160 ns 72 ns + (0,16 ns/pF) CL 

CE ► TC 5 165 330 ns 138 ns+ (0,55 ns/pF) CL 
HIGH to LOW 10 tpHL 65 135 ns 54 ns+ (0,23 ns/pF) CL 

15 50 100 ns 42 ns+ (0,16 ns/pF) CL 

5 145 290 ns 118 ns+ (0,55 ns/pF) CL 

LOW to HIGH 10 tpLH 60 125 ns 49 ns+ (0,23 ns/pF) CL 

15 45 95 ns 37 ns+ (0,16 ns/pF) CL 

MR ► On, TC 5 205 405 ns 178 ns+ (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 65 130 ns 54 ns+ (0,23 ns/pF) CL 
15 45 85 ns 37 ns+ (0,16 ns/pF) CL 

MR — TC 5 225 450 ns 198 ns+ (0,55 ns/pF) CL 

LOW to HIGH 10 tpLH 75 150 ns 64 ns+ (0,23 ns/pF) CL 

15 50 100 ns 42 ns+ (0,16 ns/pF) CL 

1 
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HEF4510B 
MSI 

A.C. CHARACTERISTICS 

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

VDD 
V symbol min. typ. max. typical extrapolation 

formula 

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 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 see also waveforms 
5 250 125 ns Figs 5 and 6 

UP/5J —► 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 thold 5 —20 ns 

15 0 -20 ns 

5 35 —90 ns 
UP/UN — CP 10 thold 15 —35 ns 

15 15 —25 ns 

5 20 -40 ns 
CE — CP 10 thold 5 —15 ns 

15 5 —10 ns 

Maximum clock 5 5 10 MHz 
pulse frequency 10 fmax 12 24 MHz 

15 17 34 MHz 
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BCD up/down counter 

CP INPUT 50 ° /o 

--s 

CE INPUT 

UP/ON INPUT 

tsu 

50O/o

ftWCPL-

50 °/o 50 /0

HEF4510B 
MSI 

50 

f  thold 

.4-- t su —► fthold 

+50 °/0 

~ t s u ---► thold 

50 

50O/O 

7Z75082.1 

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 

PL INPUT 

P~ INPUT 

MR INPUT 

•4-

/ 50 O/o° /o 

ttRPL i 

50O/O 150 ° /o 

—i 

/50O/O J 

* tWRMH*

~- tRMR 

50 1O 

7Z 750 81 .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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HEF4511B 
MSI 

BCD TO 7-SEGMENT LATCH/DECODER/DRIVER 

The HEF4511 B is a BCD to 7-segment latch/decoder/driver with four address inputs (DA to DD), an 
active LOW latch enable input (EL), an active LOW ripple blanking input (BI), an active LOW lamp test 
input (LT), and seven active HIGH n-p-n bipolar transistor segment outputs (Oa to Og). 
When EL is LOW, the state of the segment outputs (Oa to Og) is determined by the data on DA to DD. 
When EL goes HIGH, the last data present on DA to DD 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 BI forces all segment outputs LOW. The inputs LT and BI do 
not affect the latch circuit. 

5 

4 

3 

7 1 2 6 
DA DB DC DD 

EL 
O 

BI 

LATCHES 

DECODER 

LT 
O DRIVERS 

Og Of Oe Od Oc lob Oa

14 15 9 10 11 12 13 

Fig. 1 Functional diagram. 

driver —. 
logic 

7273717.2 

7279909 

Fig. 3 Schematic diagram of output stage. 

I

-r1 
VDD Of Og Oa Ob Oc 

HEF4511 B 

DB DC LT BI EL DD 

WIWUWWL6iWLJ 

Od Oe

DA VSS 

Fig. 2 Pinning diagram. 

7273716.1 

HEF4511BP(N): 16-lead DIL; plastic (SOT38-1) 
HEF4511 BD(F): 16-lead DIL; ceramic (cerdip) (SOT74) 
HEF4511 BT(D): 16-lead SO; plastic (SOT109-1) 
1 ): Package Designator North America 

PINNING 

DA to DD address (data) inputs 

EL latch enable input (active LOW) 

BI ripple blanking input (active LOW) 

LT lamp test input (active LOW) 

Oa to Og segment outputs 

FAMILY DATA 
see Family Specifications 

'DD LIMITS category MSI 

Fig. 4 Segment designation. 
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BCD to 7-segment latch/decoder/driver 

FUNCTION TABLE 

HEF4511B 
MS I 

Fig. 6 Logic diagram (one latch); see also Fig. 5. 7z79901 

inputs outputs 

EL BI LT DD DC DB DA Oa Ob Oc Od Oe Of Og display 

X X L X X X X H H H H H H H 8 
X L H X X X X L L L L L L L blank 

L H H L L L L H H H H H H L 0 
L H H L L L H L H H L L L L 1 
L H H L L H L H H L H H L H 2 
L H H L L H H H H H H L L H 3 

L H H L H L L L H H L L H H 4 
L H H L H L H H L H H L H H 5 
L H H L H H L L L H H H H H 6 
L H H L H H H H H H L L L L 7 

L H H H L L L H H H H H H H 8 
L H H H L L H H H H L L H H 9 
L H H H L H L L L L L L L L blank 
L H H H L H H L L L L L L L blank 

L H H H H L L L L L L L L L blank 
L H H H H L H L L L L L L L blank 
L H H H H H L L L L L L L L blank 
L H H H H H H L L L L L L L blank 

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 

* Depends upon the BCD code applied during the LOW to HIGH transition of EL. 

I I 
7272856 

Fig.7 Display. 
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HEF4511B 
MSI 

RATINGS 

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

Output (source) current HIGH —IOH 
For other RATINGS see Family Specifications. 

max. 25 mA 

Note 

A destructive high current mode may occur if VI and VO are not constrained to the range VSS VI 
or VO VDD. 

D.C. CHARACTERISTICS 

VSS=0V 

HEF VDD 
V 

IOH 
mA 

symbol —40 
min. 

Tamb (° C) 
+25 

max. min. typ. 
+85 

mm. max. 

Output voltage 5 0 4,10 4,10 4,40 4,10 V 
HIGH 10 0 VOH 9,10 9,10 9,40 9,10 V 

15 0 14,10 14,10 14,40 14,10 V 

Output voltage 5 5 4,20 V 
HIGH 10 5 VOH 9,20 V 

15 5 14,20 V 

Output voltage 5 10 3,60 3,60 4,05 3,30 V 
HIGH 10 10 VOH 8,75 8,75 9,10 8,45 V 

15 10 13,75 13,75 14,10 13,45 V 

Output voltage 5 15 4,00 V 
HIGH 10 15 VOH 9,00 V 

15 15 14,00 V 

Output voltage 5 20 2,80 2,80 3,80 2,50 V 
HIGH 10 20 VOH 8,10 8,10 9,00 7,80 V 

15 20 13,10 13,10 14,00 12,80 V 

Output voltage 5 25 3,70 V 
HIGH 10 25 VOH 8,90 V 

15 25 14,00 V 

HEC VDD 1OH symbol —55 
min. max. 

Tamb(° C) 
+25 

min. typ, 
+125 

min, max. 

Output voltage 5 0 4,10 4,10 4,40 4,10 V 
HIGH 10 0 VOH 9,10 9,10 9,90 9,10 V 

15 0 14,10 14,10 14,40 14,40 V 

Output voltage 5 5 4,30 V 
HIGH 10 5 VOH 9,30 V 

15 5 14,30 V 

Output voltage 5 10 3,60 3,60 4,25 3,20 V 
HIGH 10 10 VOH 8,75 8,75 9,25 8,35 V 

15 10 13,75 13,75 14,25 13,35 V 

488 January 1995 
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BCD to 7-segment latch/decoder/driver 

 J  
D.C. CHARACTERISTICS (continued) 

HEF4511B 
MSI 

HEC 
VDD ~AH symbol —55 

min. max. 

Tamb (° C) 
+25 

min. typ. 
+125 

mm. max. 

Output voltage 5 15 4,20 V 
HIGH 10 15 VOH 9,20 V 

15 15 14,20 V 

Output voltage 5 20 2,80 2,80 4,20 2,30 V 
HIGH 10 20 VOH 8,10 8,10 9,20 7,60 V 

15 20 13,10 13,10 14,20 12,60 V 

Output voltage 5 25 4,15 V 
HIGH 10 25 VOH 9,20 V 

15 25 14,20 V 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times 20 ns 

VDD 
V 

typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1 000 fi + E(foCL) x VDDZ
4000 fi + E(foCL) x VDDZ 

10000 f1+ E(fOCL) x VDDZ

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 5 20 ns 

VDDV symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
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 —i 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 1 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 
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HEF4511B 
MSI 

A.C. CHARACTERISTICS (continued) 

VDD 
V symbol min. typ, max. 

typical extrapolation 
formula 

Propagation delays 
(cont.) 

BI --r On 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 

5 25 50 ns 20 ns+ (0,1 na/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 
Dn E L 10 tsu 25 12 ns 

see also waveforms 

15 20 9 ns 
Fig. 8 

Hold-time _ 5 60 30 ns 
Dn EL 10 thold 30 15 ns 

15 25 12 ns 

EL INPUT 

DC INPUT 

\50% 

ot WELL. * 

50% 

tsu 

Og OUTPUT 

thold r 

Conditions 

DD = LOW 

DA=Dg=B1=LT= 
HIGH 

Fig.8 Waveforms showing 
minimum EL pulse width, 
set-up and hold time for 
DC to EL. 
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BCD to 7-segment latch/decoder/driver 

APPLICATION INFORMATION 

Some examples of applications for the HEF4511 B are: 

• Driving LED displays. 
• Driving incandescent displays. 
• Driving fluorescent displays. 
• Driving LCD displays. 
• Driving gas discharge displays. 

VDD 

111 VSS 

HEF4511B 
MSI 

common cathode 
LED 

— = 17V 

7279907 

Fig. 9 Connection to common cathode LED display readout. 

VDD 

I rte-. 

112 VSS 

common anode 
LED 

——— =1,7V 

Fig. 10 Connection to common anode LED display readout. 

7279902 

1 
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HEF4512B 
MSI 

8-INPUT MULTIPLEXER WITH 3-STATE OUTPUT 

The HEF4512B is an 8-input multiplexer with 8 binary inputs (10 to 17), an enable input (E) and an 
output enable input (EO). One of eight binary inputs is selected by select inputs S0, S1 and S2, and is 
routed to the output O. A HIGH on EO causes O 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. 

11 

12 

13 

1 2 3 4 5 6 7 9 

S9

Si

S 2

10 12 13 14 15 16 17

MULTIPLEXER 

E 10 

15

O 

Fig. 1 Functional diagram. 

PINNING 

S0, Si, S2 

EO 

E 

10 to 17 

O 

14 7272870.3 

select inputs 

output enable (active LOW) 

enable (active LOW) 

multiplexer inputs 

multiplexer output 

FAMILY DATA 

16 15 14 13 12 11 10 t' I 
VDD EO O S2 S1 SO 

D HEF4512B 

E 17 

10 11 12 13 14 15 16 VSS 

u W L llz u 
7272871.1 

Fig. 2 Pinning diagram. 

HEF4512BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4512BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4512BT(D): 16-lead SO; plastic 
(SOT109-1) 

( 1: Package Designator North America 

see Family Specifications 
IDD LIMITS category MSI 

1 
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8-input multiplexer with 3-state output J L HEF4512B 
MSI 

TRUTH TABLE 

inputs output 

ED E S2 S1 S0 10 11 12 I3 14 15 Ig 17 0 

J 
J 

J 
J 

J 
J 

J 
J 

J 
J 

J 
J 

J 
J 

J 
J 

J 
2 

2 
J 

J 
J 

J 
J 

J 
J 

J 
J 

J 
J 

J 
J 

J 
J 

J 
X

 

X
 

J 
J 

2 
2 

J 
J 

2 
2 

J 
J 

2 
2 

J 
J 

2 
2 

X
 

X
 

J 
J 

J 
J 

2 
2 

2 
2 

J 
J 

J 
J 

2 
2 

2 
2 

X
 

X
 

J 
J 

J 
J 

J 
J 

J 
J 

2 
2 

2 
2 

2 
2 

2 
2 

X
 

X X X X X X X X L 
L X X X X X X X L 
H X X X X X X X H 
X L X X X X X X L 
X H X X X X X X H 
X X L X X X X X L 
X X H X X X X X H 
X X X L X X X X L 
X X X H X X X X H 
X X X X L X X X L 
X X X X H X X X H 
X X X X X L X X L 
X X X X X H X X H 
X X X X X X L X L 
X X X X X X H X H 
X X X X X X X L L 
X X X X X X X H H 
X X X X X X X 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 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times 5 20 ns 

VDDV 
typical formula for P (µW) 

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(fOCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

500 f1 + E(foCL) x VDD2
2100 fi + E(foCL) x VDD2
5800 fi + E(foCL) x VDD2
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HEF4512B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

VDD 
V 

sm symbol y t yp' max. 
typical extrapolation 

formula 

Propagation delays 
In 1  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 

5 100 200 ns 73 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 

Sn —► O 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 

5 150 300 ns 123 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 60 120 ns 49 ns + (0,23 ns/pF) CL 

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

E —► O 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 55 110 ns 28 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 
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 disable times 
EO --► O 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 - - O 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 
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8-input multiplexer with 3-state output 

J  

APPLICATION INFORMATION 
Some examples of applications for the HEF4512B are: 
• Signal gating 
• Digital multiplexing 
• Number sequence generation 

input 0 

input 7 

A3~A4 

1/4 HEF4011B 

0 

HEF4512B 

7 

EO 

E 
S 

IC O 
0 

1 S 

input 8 0 

HEF4512B 

input 15  7 is O 
t A3

EO 
A4

E 
s0 S1

1/4 HEF4011B 

input 16 

input 23 

input 24 

input 31 

A3~Aa 
1/4 HEF4011B 

A3~A4 

1/4 HEF4011B 

10 

7 

HEF4512B 

Ic O 
2 

EO 

E 
SO 51 S 

I 

10 

HEF4512B 

i7 

EO 

E 
S 

is 
3 

I

Output 

7Z84765 

HEF4512B 
MSI 

TRUTH TABLE for Fig. 4 

A4 A3 A2 Al A9 
input conn. 
to output 

J 
J 

J 
J 

J 
J 

J 
J 

J 
J 

J 
J 

J 
J 

J 
J 

2 
2 

2 
2 

2 
2 

2 
2 

2 
2 

2 
2 

2 
2 

2 
2 

L L L L 0 
L L L H 1 
L L H L 2 via 
L L H H 3 IC 
L H L L 4 0 
L H L H 5 
L H H L 6 
L H H H 7 

H L L L 8 
H L L H 9 
H L H L 10 via 
H L H H 11 IC 
H H L L 12 1 
H H L H 13 
H H H L 14 
H H H H 15 

L L L L 16 
L L L H 17 
L L H L 18 via 
L L H H 19 IC 
L H L L 20 2 
L H L H 21 
L H H L 22 
L H H H 23 , 

H L L L 24 
H L L H 25 
H L H L 26 via 
H L H H 27 IC 
H H L L 28 3 
H H L H 29 
H H H L 30 
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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HEF4514B 
MSI 

1-OF-16 DECODER/DEMULTIPLEXER WITH INPUT LATCHES 

The HEF4514B is a 1-of-16 decoder/demultiplexer, having four binary weighted address inputs (A0 to 
A3), a latch enable input (EL), and an active LOW enable input (E). The 16 outputs (O0 to O15) 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 E is 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, E is the data input and A0 to A3 are the address inputs. 

1 

2 3 21 22 

EL 

A0 Al A 2 A 3

23 E 
 O 

LATCHES 

DECODER 

O0 O1 O2

11 9 10 
1
8 
O3 

7
O4 1O5 O6 (O7 1O8 

5 4 18 
O9 O10 
17 20 

O11 O12 
19 14 

O13 O14 O15 
6 13 16 15 

7Z69540.3 

Fig. 1 Functional diagram. 

U U U U U U  Lz 
7Z&9512.1 

Fig. 2 Pinning diagram. 

APPLICATION INFORMATION 

Some examples of applications for the HEF4514B are: 
• Digital multiplexing. 
• Address decoding. 
• Hexadecimal/BCD decoding. 

FAMILY DATA 
see Family Specifications 

IDD LIMITS category MSI 

PINNING 

A0 to A3 

E 

EL 

O0 to O15 

address inputs 

enable input (active LOW) 

latch enable input 

outputs (active HIGH) 

HEF4514BP(N): 24-lead OIL; plastic 
(SOT101-1) 

HEF4514BD(F): 24-lead DIL; ceramic (cerdip) 
(SOT94) 

HEF4514BT(D): 24-lead SO; plastic 
(SOT137-1) 

I ): Package Designator North America 
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MSI 

 J  

A0

A2 _. 

>O 

7284773 

0 10 
atch 
1 

0 
R 

3 

04 

0 
atch 

05

2 
06

R 
O 

7 

~~ O8

0 
latch 
3 

0 

O—~ 
0 9 

010 
R 
O 

11 

0 12 

0 

latch 
4 

0 

13 

014 
R 
O 

E —>-O 
//

 
VVVV

— ~ * 0 15 
.f>* 

7Z64769.3 

Fig. 3 Logic diagram. 

Fig. 4 Logic diagram lone latch). 
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1-of-16 decoder/demultiplexer with input latches 

J \ 
TRUTH TABLE 

HEF4514B 
MSI 

inputs outputs 

E A0 Al A2 A3 O0 O1 O2 O3 O4 O5 O6 O7 O8 O9 O10 O11 O12 O13 O14 O15 

H X XXX L L L L L L L L L L L L L L L L 
LL L L L H L L L L L L L L L L L L L L L 
L H L L L L H L L L L L L L L L L L L L L 
LL H L L L L H L L L L L L L L L t L L L 
L H H L L L L L H L L L L L L L L L L L L 
LL L H L L L L L H L L L L L L L L L L L 
L H L H L L L L L L H L L L L L L L L L L 
LL H H L L L L L L L H L L L L L L L L L 
L H H H L L L L L L L L H L L L L L L L L 
LL L L H L L L L L L L L H L L L L L L L 
L H L L H L L L L L L L L L H L L L L L L 
LL H L H L L L L L L L L L L H L L L L L 
L H H L H L L L L L L L L L L L H L L L L 
LL L H H L L L L L L L L L L L L H L L L 
L H L H H L L L L L L L L L L L L L H L L 
LL H H H L L L L L L L L L L L L L L H L 
L H H H H L L L L L L L L L L L L L L L H 

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

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

VDO 
V 

smo symbol y t yp' max. 
typical extrapolation 

formula 

Propagation delays 
An, EL — ► On 5 260 520 ns 233 ns+ (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 95 190 ns 84 ns+ (0,23 ns/pF) CL 
15 65 130 ns 57 ns + (0,16 ns/pF) CL 

5 270 550 ns 243 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 95 190 ns 84 ns+ (0,23 ns/pF) CL 

15 65 130 ns 57 ns + (0,16 ns/pF) CL 

E — . On 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 

5 200 400 ns 173 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 

1 
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HEF4514B 
MSI 

A.C. CHARACTERISTICS 

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

VDD 
V 

symbol min. typ. max. 
typical extrapolation 

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 - ' V EL 10 thold 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 

VDD 
V 

typical formula for P (µW) 
where
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1100 f1+ E(fOCL) x VDD2
5500 fi + E(foCL) x VDD2

16000 fi + E(fOCL) x VDD2

tWELH 

EL INPUT 

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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7Z69513.2 

HEF4515B 
MS I 

1-OF-16 DECODER/DEMULTIPLEXER WITH INPUT LATCHES 

The HEF4515B is a 1-of-16 decoder/demultiplexer, having four binary weighted address inputs (A0 to 
A3), a latch enable input (EL), and an active LOW enable input (E). The 16 outputs (O0 to O15) are 
mutually exclusive active LOW. When EL is HIGH, the selected output is determined by the data on 
A. 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 
HEF 4515B is used as a demultiplexer, E is the data input and AB to A3 are the address inputs. 

1 

2 3 21 22 

EL 

A0 Al A 2 A 3

23 E 
 O 

LATCHES 

DECODER 

1O0 
O1 1O2 1O31O41O51O61O71O81O9 1O101O111O121O13?O141O15 

11 19 10 18 17 16 15 14 18 17 120 19 14 13 16 15 

Fig. 1 Functional diagram. 

PINNING 

A0 to A3 

E 

EL 

O0 to O15 

Fig. 2 Pinning diagram. 

APPLICATION INFORMATION 
Some examples of applications for the HEF4515B are: 
• Digital multiplexing. 
• Address decoding. 
• Hexadecimal/BCD decoding. 

FAMILY DATA 
see Family Specifications 

'DD LIMITS category MSI 

7Z84275 

address inputs 

enable input (active LOW) 

latch enable input 

outputs (active LOW) 

HEF4515BP(N): 24-lead DIL; plastic 
(SOT101-1) 

HEF4515BD(F): 24-lead DIL; ceramic (cerdip) 
(SOT94) 

HEF4515BT(D): 24-lead SO; plastic 
(SOT137-1) 

H: Package Designator North America 
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A3 - 

EL 

IZ8422 

S 

O 
latch 

1 

O -• 

R 

S 

O 

latch 
2 

O 

O
S 

O 

latch 
3 

0 

R O 

O S O 
latch 

4 

R 
O 

I 

7274550.2 

Fig. 3 Logic diagram. 

Fig. 4 Logic diagram lone latch). 

) O > -o2

D O3 
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5 
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O13 

O14 
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504 January 1995 



1-of-16 decoder/demultiplexer with input latches 

TRUTH TABLE 

HEF4515B 
MSI 

inputs outputs 

E A0 Al A2 A3 O0 O1 O2 O3 O4 O5 O6 O7 O8 O9 O10 O11 O12 O13 O14 O15 

H X X XX H H H H H H H H H H H H H H H H 
LL L L L L H H H H H H H H H H H H H H H 
L H L L L H L H H H H H H H H H H H H H H 
LL H L L H H L H H H H H H H H H H H H H 
L H H L L H H H L H H H H H H H H H H H H 
LL L H L H H H H L H H H H H H H H H H H 
L H L H L H H H H H L H H H H H H H H H H 
LL H H L H H H H H H L H H H H H H H H H 
L H H H L H H H H H H H L H H H H H H H H 
LL L L H H H H H H H H H L H H H H H H H 
L H L L H H H H H H H H H H L H H H H H H 
LL H L H H H H H H H H H H H L H H H H H 
L H H L H H H H H H H H H H H H L H H H H 
LL L H H H H H H H H H H H H H H L H H H 
L H L H H H H H H H H H H H H H H H L H H 
LL H H H H H H H H H H H H H H H H H L H 
L H H H H H H H H H H H H H H H H H H H L 

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

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 5 20 ns 

VDD 
V s mbol y tYp' max. 

typical extrapolation 
formula 

Propagation delays 
An, EL --► On 5 260 520 ns 233 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 95 190 ns 84 ns+ (0,23 ns/pF) CL 
15 65 130 ns 57 ns+ (0,16 ns/pF) CL 

5 270 550 ns 243 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 95 190 ns 84 ns + (0,23 ns/pF) CL 

15 65 130 ns 57 ns+ (0,16 ns/pF) CL 

E ---► On 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 

5 200 400 ns 173 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 
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MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25°C; CL = 50 pF; input transition times 5 20 ns 

VDD 
V symbol min. typ. max. 

typical extrapolation 
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 

15 
thold 0 

0 
20 
15 

ns 
ns 

Fig. 5 

Minimum EL pulse 5 120 60 ns 
width; HIGH 10 tWELH 40 20 ns 

15 30 15 ns 

VDDV typical formula for P (µW) where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1100 fi + E(foCL) x VDD2
5500 fi + E(fOCL) x VDD2

16000 fi + E(foCL) x VDD2

~— tWELH 

EL INPUT 

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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BINARY UP/DOWN COUNTER 

 J \ 

HEF4516B 
MSI 

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/UN), an active LOW count enable input (CE), an 
asynchronous active HIGH parallel load input (PL), four parallel inputs (P0 to P3), four parallel out-
puts (O0 to O3), an active LOW terminal count output (To), and an overriding asynchronous master 
reset input (MA). 

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/0N determines the direction of the count, HIGH for counting 
up, LOW for counting down. When counting up, TC is LOW when O0 to O3 are HIGH and CE is LOW. 
When counting down, TC is LOW when O0 to O3 and CE are LOW. A HIGH on MR resets the counter 
(O0 to O3 = LOW) independent of all othe input conditions. 

4 12 113 3 

1 

15 

5 

10 

9 

+ PO P1 I P2 i P3
PL 

PARALLEL LOAD CIRCUITRY 

CP SD/CD

CE 
UP/DOWN TC _O 

UP/DN COUNTER 

MR 
CD

1 0 

1O1 O~ 1O3

6 1 

7 

7Z73715.2 

Fig 1 Functional diagram. 

HEF4516BP(N): 16-lead DIL; plastic (SOT38-1) 
HEF4516BD(F): 16-lead DIL; ceramic (cerdip) (SOT74) 
HEF4516BT(D): 16-lead SO; plastic (SOT109-1) 
( ): Package Designator North America 

PINNING 

PL parallel load input (active HIGH) 

PO to P3 parallel inputs 

CE count enable input (active LOW) 

CP clock pulse input (LOW to HIGH, 
edge triggered) 

FAMILY DATA 

1OD LIMITS category MSI 

7Z73714 
Fig. 2 Pinning diagram. 

UP/DN 

MR 

TC 

O0 to O3 

see Family Specifications 

up/down count control input 

master reset input 

terminal count output (active LOW) 

parallel outputs 

1 
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MSI 
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CP 
FF 
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K 0-
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7Z74555 
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Fig. 3a Logic diagram (continued in Fig. 3b). 



Binary up/down counter 

b
c 
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f 

g 
h 
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m 
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O 
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FF 
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—4 

—O 

•—O 

FF 
3 

HEF4516B 
MSI 

0 

a 
I 

0 1
4 0 2 

Fig. 3b Logic diagram (continued from Fig. 3a). 
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HEF4516B 
MSI 

FUNCTION TABLE 

MR PL UP/DN CE CP mode 

L 
L 
L 
L 
H 

H 
L 
L 
L 
X 

X 
X 
L 
H 
X 

X 
H 
L 
L 
X 

X 
X 
f 
l 
X 

parallel load 
no change 
countdown 
count up 
reset 

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

count up — — — — count down 

Fig. 4 State diagram. 

7Z69676 

Logic equation for terminal count: 

TC=CE• {(UP/DN) O0 O1.O2 O3 + (UP/DN) O0 O1'O2 ~3} 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times 20 ns 

VDDV typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(fOCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1000 fi + E(f0CL) x VDDZ
4500 fi + E(foCL) x VDDZ

11 200 fi + E(foCL) x VDDZ 
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Binary up/down counter 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

HEF4516B 
MSI 

VDT 
v symbol min, typ. max. 

typical extrapolation 

Propagation delays 
CP 1 On 5 145 290 ns 118 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 

5 155 310 ns 128 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 5 260 525 ns 233 ns+ (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 105 210 ns 94 ns+ (0,23 ns/pF) CL 

15 75 150 ns 67 ns+ (0,16 ns/pF) CL 

5 180 360 ns 153 ns+ (0,55 ns/pF) CL 

LOW to HIGH 10 tpLH 75 150 ns 64 ns+ (0,23 ns/pF) CL 

15 55 115 ns 47 ns + (0,16 ns/pF) CL 

PL —► On 5 125 255 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 85 ns 32 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 50 105 ns 42 ns+ (0,16 ns/pF) CL 

PL —► TC 5 250 500 ns 223 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 110 220 ns 99 ns + (0,23 ns/pF) CL 
15 80 160 ns 72 ns + (0,16 ns/pF) CL 

5 250 500 ns 223 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 110 220 ns 99 ns + (0,23 ns/pF) CL 

15 80 160 ns 72 ns + (0,16 ns/pF) CL 

CE —► TC 5 165 330 ns 138 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tpHL 65 135 ns 54 ns+ (0,23 ns/pF) CL 

15 50 100 ns 42 ns+ (0,16 ns/pF) CL 

5 145 290 ns 118 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 60 125 ns 49 ns+ (0,23 ns/pF) CL 

15 45 95 ns 37 ns+ (0,16 ns/pF) CL 

MR ---► On, TC 5 205 405 ns 178 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 65 130 ns 54 ns+ (0,23 ns/pF) CL 

15 45 85 ns 37 ns+ (0,16 ns/pF) CL 

MR — TC 5 225 450 ns 198 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 75 150 ns 64 ns+ (0,23 ns/pF) CL 

15 50 100 ns 42 ns+ (0,16 ns/pF) CL 
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HEF4516B 
MSI 

A.C. CHARACTERISTICS 

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

VDD 
V 

symbol min. typ. max. typical extrapolation 
formula 

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 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 —i PL 10 tsu 50 25 ns 

15 40 20 ns see also waveforms 
5 250 125 ns Figs 5 and 6 

UP/DN — CP 10 tsu 100 50 ns 
15 75 35 ns 

5 120 60 ns 
DE —► CP 10 tsu 40 20 ns 

15 25 10 ns 

Hold times 5 10 -40 ns 
Pn — PL 10 thold 5 —20 ns 

15 0 -20 ns 

5 35 —90 ns 
UP/DN --► CP 10 thold 15 —35 ns 

15 15 —25 ns 

5 20 -40 ns 
DE --► CP 10 thold 5 —15 ns 

15 5 —10 ns 

Maximum clock 5 3 6 MHz 
pulse frequency 10 fmax 7 14 MHz 

15 9 18 MHz 
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Binary up/down counter 

CP INPUT 7 

tsu 

50 O/O 

f -

CE INPUT 50° %o

ftWCPL * 

50O/O 50 °/o 

 J  
HEF4516B 

MSI 

50 

' -thold 

f— t su —ø fthold 

UP/DN INPUT 

~ tsu — ~thold 

50 

50 O/O 

7275082.1 

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 

PL INPUT 

P~ INPUT 

MR INPUT 

~tWPLH i ~tRPL"-~ 

/50 O/ O \50 ° /o 

50 °/o 50°/o 

—► 

50% 

~tWRMH 

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. 

~ tRMR 

50 

7Z75081.+. 

1 
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HEF4517B 
LSI 

DUAL 64-BIT STATIC SHIFT REGISTER 

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 (016 to 064). 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/E0. 

When PE/EO is LOW the outputs are enabled 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, 016, 032 and 048 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 A 

C 

3 PE/EO 

1 64-BIT STATIC SHIFT REGISTER 

CP 016/D17 032/033048/049 064 

9 D 

INPUT/3-STATE -OUTPUT CIRCUITRY 

2 C 

3 PE/EO 

064A 5 

048A 2 

O32A 6 

016A 1 

D 1 64 -BIT STATIC SHIFT REGISTER 

CP 016/017 032/ 033 048/049 064 

INPUT/3-STATE - OUTPUT CIRCUITRY 

O64B 11 

0486 14 

0326 10 

O168 15 

Fig. 1 Functional diagram. 

FAMILY DATA 
see Family Specifications 

7Z74569.1 

'DD LIMITS category LSI 
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PE/EOB
I ~ 

16 15 14 13 12 11 10 1' I 

VDD O166 O486 CPB O64B O326 DB 

HEF4517B 

° 16A °48A CPA O64A O32A DA ASS 

uuuWuuuu 
PE/EOA 7274571.1 

Fig. 2 Pinning diagram. 

HEF4517BP(N): 16-lead DIL; plastic (SOT38-1) 
HEF4517BD(F): 16-lead DIL; ceramic (cerdip) (SOT74) 
HEF4517BT(D): 16-lead SO; plastic (SOT109-1) 
( ): Package Designator North America 

PINNING 

CPA, CPB 

PE/EOA, PE/EOB 

DA, DB 

O16A O32A- O48A 

O166. O328, O486 

O64A' °64B 

clock inputs 

parallel input-enable/output-enable inputs 

data inputs 

3-state outputs/inputs 

3-state outputs/inputs 

3-state outputs 
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Dual 64•bit static shift register 
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Dual 64-bit static shift register 

A.C. CHARACTERISTICS 

VSg = 0 V; Tamb = 25 °C; input transition times 20 ns 

HEF4517B 
LSI 

VDDV typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

7000 fi + E(foCL) x VDDZ
28000 fi + E(foCL) x VDDZ
70000 fi + E(foCL) x VDDZ 

A.C. CHARACTERISTICS 

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

VDD 
V 

symbol mmn. typ. max. 
typical extrapolation 

formula 

Propagation delays 
CP —► On 5 220 440 ns 193 ns+(0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 85 170 ns 74 ns+ (0,23 ns/pF) CL 
15 60 120 ns 52 ns+ (0,16 ns/pF) CL 

5 190 380 ns 163 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 75 150 ns 64 ns+ (0,23 ns/pF) CL 

15 50 100 ns 42 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 

1 
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HEF4517B 
LSI J \ 

A.C. CHARACTERISTICS 

VS5 = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 20 ns 

VDDV symbol min. typ. max. 

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 see also waveforms
On, D — ► CP 10 tsu 25 5 ns 4. 

15 20 5 ns 
Fig. 

Hold time 5 45 15 ns 
On, D CP 10 thold 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 
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Dual 64-bit static shift register 

CP INPUT 

O~, D INPUT 

1 

tWCPL~ 

HEF4517B 
LS I 

7Z74570.1 

Fig. 4 Waveforms showing minimum clock pulse width, set-up and hold times for On (as data input) 
and D to CP. 
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HEF4518B 
MSI 

DUAL BCD COUNTER 

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 ( 1). buffered outputs from all four bit positions 
(00 to 03) and an active HIGH overriding asynchronous master reset input (MR). The counter ad-
vanceson 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 (00 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 

CP1 A 

MRA

00A 3 

01A 4 

02A 5 

°3A 6 

9 CPOB 

10 CP1B 

15 MRB 

008 11 

°1B 12 

02B 13 

03B 14 

Fig. 1 Functional diagram. 

PINNING 

CPOA,CPOB 

CPIA,CPIB 
MRA, MRB 

00A to 03A 
006 to 03B 

CPOACPIAOOA 01A 02A O3A MRA V55 

HEF4518B 

7Z69514 

Fig. 2 Pinning diagram. 

HEF4518BP(N): 16-lead DIL; plastic (SOT38-1) 
HEF4518BD(F): 16-lead DIL; ceramic (cerdip) (SOT74) 
HEF4518BT(D): 16-lead SO; plastic (SOT109-1) 

7Z69556.1 ( ): Package Designator North America 

clock inputs (L to H triggered) 

clock inputs (H to L triggered) 

master reset inputs 

outputs 

outputs 

FAMILY DATA 

APPLICATION INFORMATION 

Some examples of applications for the 
HEF4518B are: 

• Multistage synchronous counting. 

• Multistage asynchronous counting. 

• Frequency dividers. 

see Family Specifications 
IDD LIMITS category MSI 
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Dual BCD counter HEF4518B 
MSI 

J  

A.C. CHARACTERISTICS 

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

VDD V symbol min. typ, max. 
typical extrapolation 

formula 

Propagation delays 
CPO, CP1 - . 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 

5 120 240 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 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 tTLH 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 
for MR 10 tRMR 30 15 ns see also waveforms 

15 20 10 ns Figs 4 and 5 

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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HEF4518B 
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J  

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times 20 ns 

VDD 
V 

typical formula for P (µW) 
where
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

750 fi + E(fOCL) x VDD2
3300 fi + E(fQCL) x VDD2
8000 fi + E(foCL) x VDD2

CP1 INPUT 
(CPO= LOW) 

CPO INPUT 
(CPI = HIGH) 

MR INPUT 

/50% 

/50% 

—tWCPH — 

\50% 

i 

— tWCPL i 

1 
' — tWMRH— tRMR f  7269663.1 

Fig. 4 Waveforms showing recovery time for MR; minimum CPO, GP1 and MR pulse widths. 

CP0 INPUT 

CP1 INPUT 50% 

tsu 

On OUTPUT 

(50% 

/50% 

s f 

tPLH ~ tPHL 
7Z69664.2 

Fig. 5 Waveforms showing set-up times for CP0 to CP1 and CP1 to CPO, and propagation delays. 
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Dual BCD counter HEF4518B 
MSI 

cc

L 0 

C, 

cc

LU LU 

M M 

N N 

O 

O 

cc

N 

LU 

C 

O 

C, 

c0 

N 

LU 

V 

M 

N 

M 

N 

a 
U U O O O O U 

N 
Q 
N
N 

Fi
g.

 6
 T
i
m
i
n
g
 d
ia
gr
am
. 

January 1995 527 





HEF4519B 
MSI 

 J  

QUADRUPLE 2-INPUT MULTIPLEXER 

The HEF4519B provides four multiplexing circuits with common select inputs (SA, SB); each circuit 
contains two inputs (An, Bn) 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, the output (On) is the logical EXCLUSIVE-NOR of the An and Bn inputs (On = An p Bn)• 
When SA and SB are LOW, the output (On) is LOW, independent of the multiplexer inputs (An and Bn). 

The HEF4519B cannot be used to multiplex analogue signals. The outputs utilize standard buffers for 
best performance. 

9 

14 

Do-

~ A0 }60 
I_ 

5 2 3 15 1 

B1 A 2 3 3 

MULTIPLEXER 

INH OUTPUTS 

O0 O1 O2 O3

7269528.3 

7 Z 69515.1 

Fig. 2 Pinning diagram. 

PINNING 

SA, SB 

A0 to A3 

B0 to B3 

O0 to O3 

10 11 

Fig. 1 Functional diagram. 

selects inputs (active HIGH) 

multiplexer inputs 

multiplexer inputs 

multiplexer outputs 

12 13 

HEF4519BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4519BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4519BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

FAMILY DATA 
see Family Specifications 

IDD LIMITS category MSI 
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A2 

g2 

A3 

B3 

SA

SB

FUNCTION TABLE 

D 
D 

inputs output 

SA SB An Bn On

L L X X L 
H L An X An
L H X Bn Bn
H H L L H 
H H H L L 
H H L H L 
H H H H H 

Fig. 3 Logic diagram. 

Oo 

01

02

03

7Z74497.1 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
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Quadruple 2-input multiplexer 

A.C. CHARACTERISTICS 

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

HEF4519B 
MSI 

VDD
V 

symbol typ. max. 
typical extrapolation 

formula 

Propagation delays 

An, Bn 1  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 80 160 ns 53 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 

SA, SB — 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 55 ns 22 ns + (0,16 ns/pF)CL 

5 85 165 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 

VDD 
V 

typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1000 fi + E(fOCL) x VDDZ
6000 f1+ E(foCL) x VDDZ

17000f1 + E(fOCL) x VDDZ

where 
fl = input freq. (MHz) 
to = output freq. (MHz) 
CL = load capacitance (pF) 
E (f° CL) = sum of outputs 
VDD = supply voltage (V) 

APPLICATION INFORMATION 

Some examples of applications for the HEF4519B are: 

• 2-input multiplexers. 
• True/complement selectors. 
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HEF4520B 
MSI 

DUAL BINARY COUNTER 

The HEF4520B is a dual 4-bit internally synchronous binary counter. The counter has an active HIGH 
clock input (CPO) and an active LOW clock input (CP1), buffered outputs from all four bit positions 
(00 to 03) and an active HIGH overriding asynchronous master reset input (MR). The counter advances 
on either the LOW to HIGH transition of the CP0 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 (00 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 D
CP1A 

MRA 

OOA 3 

O1A 4 

O2A 5 

03A 6 

CPOB 

10 CP1B 

15 MRB 

006 11 

°1B 12 

O2B 13 

O3B 14 

7Z69556.1 

Fig. 1 Functional diagram. 

PINNING 

CPOA, CPOB clock inputs (L to H triggered) 

CP1A, CP1 B clock inputs (H to L triggered) 

MRq, MRB master reset inputs 

OOA to O3A outputs 

O0B to O3B outputs 

FAMILY DATA 

7269516 

Fig. 2 Pinning diagram. 

HEF4520BP(N): 16-lead DIL; plastic 
(S0T38-1) 

HEF4520BD(F): 16-lead DIL; ceramic (cerdip) 
(S0T74) 

HEF4520BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

see Family Specifications 

'DD LIMITS category MSI 
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Dual binary counter 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

HEF4520B 
MSI 

VDD
v

symbol min. typ. max, 
typical extrapolation 

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/p F ) 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 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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A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C, input transition times 5 20 ns 

VDD
V 

typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

850fi + E(foCL) x VDD2
3 800f + E(fOCL) x VDD2

10200fi + E(fOCL) x VDD2

CP1 INPUT 
(CPO= LOW) 

CPO INPUT 
ICP1 = HIGH) 

MR INPUT 

750% 

/50% 

~ -- tWMRH-

..S_tWCPL 

tRMR - 7Z69663.1 

Fig. 4 Waveforms showing recovery time for MR; minimum CPO, CP1 and MR pulse widths. 

CPO INPUT 

CP1 INPUT 

On OUTPUT 

50% 

su 

(50% 

/50% 

tPLH 

s 

tPHL f 

7269664.2 

Fig. 5 Waveforms showing set-up times for CPO to CP1 and CP1 to CPO, and propagation delays. 
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HEF4521B 
MSI 

24-STAGE FREQUENCY DIVIDER AND OSCILLATOR 

The HEF4521 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/O2) will function as a crystal oscillator, or in combination with 11 as an RC oscillator, or as an 
input buffer for an external oscillator. Low-power operation as a crystal oscillator is enabled by 
connecting external resistors to pins 3 (VSS') and 5 (VDD')• 
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 

V DD' O2 MR 

CP 

CD
STAGES 1 to 8 

CP 
STAGES 9 to 16 

CD
O16 

CP 
STAGES 17 to 24 

CD

O18 O19 O20 O21 O22 O23 

I 

O1

7Z74562.1 10 11 

Fig. 1 Functional diagram. 

FAMILY DATA 
IDD LIMITS category MSI see Family Specifications 

12 13 14 15 7 
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16 15 14 13 12 11 10 I' I 

VDD O23 O22 O21 O20 O19 O18 11 

D HEF4521B 

O24 MR VSS O2 VDD 12 O1 VSS 

uuuuuuuu 

7Z74563 
Fig. 2 Pinning diagram. 

H EF4521 BP(N): 16-lead DI L; plastic (SOT38-1) 
HEF4521 BD(F): 16-lead DIL; ceramic (cerdip) (SOT74) 
HEF4521BT(D): 16-lead SO; plastic (SOT109-1) 
( 1: Package Designator North America 

FUNCTIONAL TEST SEQUENCE 

COUNT CAPACITY 

output count capacity 

O18 218 =262144 

O19 219 = 524 288 

O20 220 = 1 048 576 

O21 221 =2097  152 
O22 222 =4194  304 
O23 223 = 8 388 608 

O24 224 = 16 777 216 

inputs 
control 

terminals outputs 
remarks 

MR 12 O2 VSS VDD O18 to O24 

counter is in three 8-stage sections 
H L L VDD VSS L in parallel mode; 12 and O2 are 

interconnected (O2 is now input); 
counter is reset by MR 

255 pulses are clocked into 12, O2 
L f I VDD VSS H (the counter advances on the LOW 

to HIGH transition) 

L L L VSS VSS H VSS' is connected to VSS 
L H L VSS VSS H the input 12 is made HIGH 

VDD' is connected to VDD; O2 is 
L H L VSS VDD H now made floating and becomes an 

output; the device is now in the 
224 mode 

L \ VSS VDD L 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 VDD 
and VDD' to VSS. Via 12 (connected to O2) 255 counts are loaded into each of the 8-stage sections in 
parallel. All flip-flops are nglw at a HIGH state. The counter is now returned to the normal 24-stage in 
series configuration by connecting VSS' to VSS and VDD' to VDD. 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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ADD 
V DD 

17 

12

VSS 

i 

to 
FFs 

 ► to logic 

O2 

VSS 

7za4276 

Fig. 4 Schematic diagram of 
clock input circuitry. 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

VDD
v 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
12 --► O18 5 950 1900 ns 923 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 350 700 ns 339 ns + (0,23 ns/pF) CL 
15 220 440 ns 212 ns + (0,16 ns/pF) CL 

5 950 1900 ns 923 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 350 700 ns 339 ns + (0,23 ns/pF) CL 

15 220 440 ns 212 ns + (0,16 ns/pF) CL 

On — On + 1 5 40 80 ns 13 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tpHL 15 30 ns 4 ns + (0,23 ns/pF) CL 

15 10 20 ns 2 ns + (0,16 ns/pF) CL 

5 40 80 ns 13 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 15 30 ns 4 ns + (0,23 ns/pF) CL 

15 10 20 ns 2 ns + (0,16 ns/pF) CL 

MR --► 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 

11 --+ O1 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 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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24-stage frequency divider and oscillator HEF4521B 

A.C. CHARACTERISTICS 

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

VDDV symbol min. typ. max. 

Minimum 12 pulse 5 80 40 ns 
width; HIGH 10 twl2H 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 

VDD
v

typical formula for P (µW) 
where 

= input freq. (MHz) 
f°  = output freq. (MHz) 

Dynamic power 5 1 200 fi + E(foCL) x VDD2 CL = load capacitance (pF) 
dissipation per 10 5100 fi + E(fOCL) x VDD2 E(foCL) = sum of outputs 
package (P) 15 13050 fi + E(foCL) x VDD2 VDD = supply voltage (V) 

MR INPUT 

12 INPUT 

50% 

WMRH f 

t 9MR 

50% 

tWI2H 
7Z74564 

Fig. 5 Waveforms showing minimum pulse widths for MR and 12, recovery time for MR. 
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APPLICATION INFORMATION 

VDD 

1,8 
MS2 

H 
IH_ 

.C S =C T

7Z85109 

R(1) 

VDD VDD 

Ii O1 
O2 

m O18 

tO 
N ~ 

I2
LL I 
W 
2 

MR O24 

vSS ASS 

1 

i 

(1) Optional for low power operation. 

Fig. 6 Crystal oscillator circuit. 

Typical characteristics for crystal oscillator circuit (Fig. 6): 

500 kHz 
circuit 

50 kHz 
circuit 

unit 

Crystal characteristics 
resonance frequency 500 50 kHz 
crystal cut S N —
equivalent resistance; RS 1 6,2 ktt 

External resistor/capacitor values 
Ro 47 750 ktl 
CT 82 82 pF 
CS 20 20 pF 
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24-stage frequency divider and oscillator 

102

fosc 
(kHz) 

10 

1 

10-1

HEF4521B 
MSI 

Fig. 7 RC oscillator circuit; 

f  1  • RS 2 RTC, in which: 
2,3 x RTC X C' 

fin Hz, RinS2,CinF. 

RS + RTC < VI L max (maximum input voltage LOW) 
I LI (input leakage current) 

7Z85111 

N 
N 

\

\ 

\ 

10-1

10 

1 

10 2

10 

RTC(k 2) 103

C (nF) 10 2

— — — RTC; C= 1 nF; 
RS 2 RTC 
 C; RTC' 56 kSt; 
RS= 120 kSt 

Fig. 8 Oscillator frequency as a function of RTC and C; Vpp = 10 V; test circuit is Fig. 7. 
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APPLICATION INFORMATION (continued) 

R bias = 560 kg 

VDD 

10 

gfs 

(mA/V) 

7,5 

5 

2,5 

0  
0 

^0,47'µF 

vi 'v 
(f = 1 kHz) 

O 

input 

12 

output 

O2 

100µF 

7Z84363.A 
V$S 

Fig. 9 Test set-up for measuring forward transconductance 

9fs = dio/dvi at vo is constant (see also graph Fig. 10). 

7Z84364 

5 10 V IV 15 
DD 

Fig. 10 Typical forward transconductancegfc as a 
function of the supply voltage at Tamb = 25 °C. 

Curves in Fig. 10: 

A: average, 
B: average +2s, 
C: average —2 s, in which: 

's' is the observed standard 
deviation. 
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24-stage frequency divider and oscillator 

50 

gain 
(VO /VI) 

25 

0 

7Z84251.1 

typ 

0 5 10 
VDD (V) 

15 

Fig. 11 Voltage gain (VO/VI as a function 
of supply voltage. 

330 kS2 

20 

IDD 
(mA) 

15 

10 

5 

HEF4521B 
MSI 

7Z84257.1 

typ 

0  
0 5 10 VDD (V) 15 

Fig. 12 Supply current as a function 
of supply voltage. 

Fig. 13 Test set-up for measuring graphs 
of Figs 11 and 12. 
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HEF4522B 
MSI 

PROGRAMMABLE 4-BIT BCD DOWN COUNTER 

The HEF4522B 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 (OB 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 (00 = 01 = 02 = 03 = LOW) 
and CF is HIGH and PL is LOW. A HIGH on MR resets the counter (00 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. 

6 CP0

4 

10 

cP1 DoJ-

MR 

3 5 2 
PL PO P1 P2 

11 14 
P3

PARALLEL LOAD 

CIRCUITRY 

13 CF 

CD/SD 
BCD 

CP DOWN 

COUNTER 
CD

03 
02 

1 

01 
00 

15 
9 
7 

ZERO 

DETECTOR 
TC 12 

Fig. 1 Functional diagram. 

FAMILY DATA 
see Family Specifications 

IDD LIMITS category MSI 

7Z74612.2 
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-[1 

DD O2 P2 C F TC P1 MR O 

HEF4522BP(N): 16-lead OIL; plastic 
D HEF4522B (SOT38-1) 

HEF4522BD(F): 16-lead DIL; ceramic (cerdip) 
O3 P3 PL CP1 PO CPO O0 VSS (SOT74) 

HEF4522BT(D): 16-lead SO; plastic 
(SOT109-1) 1 J2j 13I 141 I51 161 I~) I8I 

7274611 U: Package Designator North America 

Fig. 2 Pinning diagram. 

PINNING 

PL parallel load input 

PO to P3 parallel inputs 

CF cascade feedback input 

CPO clock input (LOW to HIGH, triggered) 

CP1 clock input (HIGH to LOW, triggered) 

MR asynchronous master reset input 

IC terminal count output 

O0 to O3 buffered parallel outputs 

COUNTING MODE 

CF = HIGH; PL = LOW; MR = LOW 

count outputs 

O3 O2 O1 O0 

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 

FUNCTION TABLE 

MR PL CPO CP1 mode 

H 

X
 

S
 

J 
J 

J 
J 

J 
J 

X X reset (asynchronous) 
L X X preset (asynchronous) 
L I H no change 
L L \ no change 
L \ X no change 
L X I no change 
L I L counter advances 
L H \ counter advances 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
I = positive-going transition 
\ = negative-going transition 
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Programmable 4-bit BCD down counter 

SINGLE STAGE OPERATION 

Divide-by-n; MR = LOW; CF = HIGH; CP1 = LOW 

PL P3 P2 Pi PO divide 
by 

TC output 
pulse width 

L X X X X 10 
one clock 
period 

TC 
TC 
TC 
TC 
TC 
TC 
TC 
TC 
TC 
TC 
TC 
TC 
TC 
TC 
TC 

H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 

H 
H 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 

H 
H 
L 
L 
H 
H 
L 
L 
H 
H 
L 
L 
H 
H 
L 

H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 

15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

clock pulse 
HIGH 

TC L L L L no operation 

7274617 

HEF4522B 
` MSI 

Fig. 3 State diagram. 
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Programmable 4-bit BCD down counter 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times 20 ns 

HEF4522B 
` MSI 

V D typical formula for P (µW) 
f 

he 
input freq. (MHz) 

i - 

fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1000 fi + E(fOCL) x VDDZ
4000 fi + E(foCL) x VDDZ

10000 fi + E(foCL) x VDDZ

A.C. CHARACTERISTICS 

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

VDD V symbol min. typ. max. 
typical extrapolation 

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 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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A.C. CHARACTERISTICS 

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

VDVO symbol min. typ. max. 

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 

15 
twMRH 50 

40 
25 
20 

ns 
ns 

Figs 5 and 6 

Hold time 5 30 5 ns 
Pn — ► PL 10 thold 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 l 
pulse frequency 10 fmax 12 25 MHz f see note 
PL= LOW 15 16 32 MHz 1 

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. 
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Programmable 4-bit BCD down counter 

 1 

PLINPUT 50% 

4-  tWPLH —4 thold 

Pn INPUT 50% 

—~ tPLH 4 -

On OUTPUT 

4-

HEF4522B 
MSI 

tPHL 

50% 

4-

7Z84145 

Fig. 5 Waveforms showing minimum PL pulse width, propagation delays for PL, Pn to On and hold 
time for PL to P . 

CPO
INPUT 

C P1
INPUT 

On

OUTPUT 

TC 
OUTPUT 

50% 

4—.— tWCPL _-* 

/50% 

f — tPLH tPHL 

/50% 

4 —tPLH tPHL 

4-

4-

/50% 

4- tWCPH - f 

tPLH 4-

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 

ADD 

clock 

master 
reset 

00 0 1 02 

PL 

CF 

MR 

C P1

CP0 
PO

HEF4522B 

(L.S.D. ) 

03 

P3

TC 

1~7 'lJli 

ADD 

ADD 

10 kIt 
(4 x) 

n 

00 0 1 02 

PL 

CF 

MR 

C F1

C PO
P 

HEF4522B 

(M.S.D. 1 

03 

TC 

1 1 

ra 

°L 4' '
ADD 

10kIt 
(4x) 

n 

7ze4142 

Fig. 7 Typical application of two HEF4522B circuits in a 2-stage programmable down counter (one 
cycle). S are thumbwheel switches; when open: LOW state. 

Counting cycle: 
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n0 n1 
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L.S.D. counter M.S.D. counter 
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HEF4522B 
MSI 
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Fig. 8 Typical application of two HEF4522B circuits in a 2-stage programmable frequency divider. 
S are thumbwheel switches; when open: LOW state. 

Counting cycle: 
—► 9 
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L.S.D. counter M.S.D. counter 
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HEF4526B 
` MSI 

PROGRAMMABLE 4-BIT BINARY DOWN COUNTER 

The HEF4526B is a synchronous programmable 4-bit binary 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 (00 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 (00 = 01 = 02 = 03 = 
LOW) and CF is HIGH and PL is LOW. A HIGH on MR resets the counter (00 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. 

6 

4 

3 5 11 14 2 

CPO

10 MR 

PL PO P1 P2 P3

PARALLEL LOAD 

CIRCUITRY 

13 CF 

CD/SD 
BINARY 

CP DOWN 

COUNTER 
CD

03 
02 
01 
00 

1 
15 
9
7 

ZERO 

DETECTOR 
TC 12 

7Z84 109.1 

FAMILY DATA 
see Family Specifications 

IDD LIMITS category MSI 1 

Fig. 1 Functional diagram. 
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16 15 14 13 12 11 10 1' 1 

DD O2 P2 CF TC P1 MR O1 

HEF4526B 

)3 P3 PL CP1 PO CPO O0 USS 

WWf3JHL5J000 

Fig. 2 Pinning diagram. 

PINNING 

PL 

PO to P3 

CF 

CPO 

CP1 

MR 

IC 

7Z74610 

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 

O0 to O3 buffered parallel outputs 

COUNTING MODE 

CF = HIGH; PL = LOW; MR = LOW 

count 
outputs 

O3 O2 O1 O0 

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 

HEF4526BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4526BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4526BT(D): 16-lead SO; plastic 
(SOT 109-1) 

H: Package Designator North America 

FUNCTION TABLE 

MR PL CPO CP1 mode 

H X X X reset (asynchronous) 
L H X X preset (asynchronous) 
L L f H no change 
L L L l no change 
L L \ X no change 
L L X f no change 
L L I L counter advances 
L L H L counter advances 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
I = positive-going transition 
l = negative-going transition 
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Programmable 4-bit binary down counter HEF4526B 
MSI 

SINGLE STAGE OPERATION 

Divide-by-n; MR = LOW; CF = HIGH; CP1 = LOW 

PL P3 P2 P1 PO divide 
by 

TC output 
pulse width 

L X X X X 16 one clock 
period 

TC 
TC 
TC 
TC 
TC 
TC 
TC 
TC 
TC 
TC 
TC 
TC 
TC 
TC 
TC 

H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 

H 
H 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 

H 
H 
L 
L 
H 
H 
L 
L 
H 
H 
L 
L 
H 
H 
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H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 

15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 

clock pulse 
HIGH 

TC L L L L no operation 

0 
■ 

9 
v 

7274616 

Fig. 3 State diagram. 
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Programmable 4-bit binary down counter 

 J  
A.C. CHARACTERISTICS 

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

HEF4526B 
MSI 

VDD 
V 

typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1000 fi + E(foCL) x VDD2
4000 fi + E(foCL) x VDD2

10000 fi + E(fOCL) x VDD2

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = S i of outputs 
VDD = supply voltage (V) 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times c 20 ns 

VDD V symbol min. typ. max. typical extrapolation 
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—i 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 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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 J \ 
A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

Vpp 
V 

symbol min. typ. max. 

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 
pulse width; HIGH 10 

15 
twMRH 50 

40 
25 
20 

ns 
ns 

see also waveforms 
Figs 5 and 6

Hold time 5 30 5 ns 
Pn — PL 10 thold 20 5 ns 

15 15 5 ns 

Set-up time 5 30 0 ns 
Pn - P  PL 10 tsu 20 0 ns 

15 15 0 ns 

Maximum clock 5 6 12 MHz 
pulse frequency 10 fmax 12 25 MHz j see note 
PL = LOW 15 16 32 MHz 1

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. 
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Programmable 4-bit binary down counter 
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PL INPUT 

P~ INPUT 

On OUTPUT 

/50% 

4__ tWPLH —~ thold 

/50% 

tPLH t--

HEF4526B 
MSI 

tPHL 

/50% 

4-

7Z84145 

Fig. 5 Waveforms showing minimum PL pulse width, propagation delays for PL, Pn to On and hold 
time for PL to P . 

CPU
INPUT 

C P1
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4-
7284144 

Fig. 6 Waveforms showing minimum CP0 and cP1 pulse widths, propagation delays for CPO, CF1 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 

VDD 

clock ,r 

master 
reset 

O0

PL 

CF 

MR 

C F1

-PO

HEF4526B 

( L.S.D. ) 
IC 
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T 
(4x) 

VDD 

n 
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-- FL 

CF 

MR 

_ Cpl

 C F0
P 

O2 O3

HEF4526B 

(M.S.D.) 
TC 

1 

7T1~ 

1 

'lA 

10kLt 

T 
(4x) 

DD 
7Z84/42.A 

Fig. 7 Typical application of two HEF4526B circuits in a 2-stage programmable down counter (one 
cycle). S are thumbwheel switches; when open: LOW state. 

Counting cycle: 
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Fig. 8 Typical application of two HEF4526B circuits in a 2-stage programmable frequency divider. 
S are thumbwheel switches; when open: LOW state. 

Counting cycle: 
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HEF4527B 
MSI 

BCD RATE MULTIPLIER 

The HEF4527B is a BCD rate multiplier with two buffered rate outputs (O1 and O1), two buffered 
terminal count outputs (TC and TC), four BCD rate select inputs (SA, SB, SC, SD), 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 O1 and O1, 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 O1 and O1 when SD is HIGH. When CE is HIGH, the counter is disabled, the state of the 
outputs (O1, O1) 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 outputs O1 and O1. A HIGH on CAS forces the output O1 to HIGH, 
while the state of O1 depends on the inputs SA to SD (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 

9 CP 

4 PL 

13 CL 

11 CE 

=10 

COUNTER 

STR CAS S 

RATE SELECTOR 

O1

1 

TC 1 

m 

Fig. 1 Functional diagram. 

FAMILY DATA 
see Family Specifications 

7284386 

7 
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16 15 14 13-111 HEF4527BP(N): 16-lead DIL; plastic 
VDD SB SA CL CAS CE STR CP (SOT38-1) 

HEF4527BD(F): 16-lead DIL; ceramic (cerdip) 

HEF4527B (SOT74) 
HEF4527BT(D): 16-lead SO; plastic 

(SOT109-1 
TC SC SD PL O1 O1 TC VSS U: Package Designator North America 

WWL3iW1JWWW 

PINNING 

CP 

PL 

CL 

CE 

SIR 

CAS 

SA to SD 

O1 to O1 

TC 

TC 

7284383 

Fig. 2 Pinning diagram. 

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) 
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HEF4527B 
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FUNCTION TABLE 

inputs outputs 

mode of 
operation 

number of pulses or logic level number of pulses 
or logic level 

SD SC SB SA CP CE STR CAS CL PL O1 O1 IC TC 

L L L L 10 L L L L L L H 1 1 
L L L H 10 L L L L L 1 1 1 1 
L L H L 10 L L L L L 2 2 1 1 
L L H H 10 L L L L L 3 3 1 1 

L H L L 10 L L L L L 4 4 1 1 
L H L H 10 L L L L L 5 5 1 1 rate pulses at 
L H H L 10 L L L L L 6 6 1 1 the outputs 
L H H H 10 L L L L L 7 7 1 1 depend on the 

H L L L 10 L L L L L 8 8 1 1 BCD input 

H L L H 10 L L L L L 9 9 1 1 number at 

H L H L 10 L L L L L 8 8 1 1 SAtoSD 

H L H H 10 L L L L L 9 9 1 1 

H H L L 10 L L L L L 8 8 1 1 
H H L H 10 L L L L L 9 9 1 1 
H H H L 10 L L L L L 8 8 1 1 
H H H H 10 L L L L L 9 9 1 1 

X X X X X H L L L L A A H • CE = H; counter 
disabled 

X X X X 10 L H L L L L H 1 1 outputs O1 and O2 
disabled 

X X X X 10 L L H L L H 1 1 output O1 
disabled 

H X X X 10 L L L H X 10 10 H L CL=H 
L X X X X L L L H X L H H L counter reset 
X X X X X L L L L H L H L H PL = H; preset 

to '9' 

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

* Same output as the first 16 lines of this function table (depends on the values of SA to SD). 
• Depends on internal state of the counter. 
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BCD rate multiplier HEF4527B 
MSI 

A.C. CHARACTERISTICS VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns. 

parameter VDD 
V 

symbol min. typ. max. unit 
typical extrapolation 

formula 

Propagation delays 
CP ---► O1, O1 5 130 260 ns 103 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 

5 130 260 ns 103 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 

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 - O1 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 -► O1, O1 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 --► O1 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 --► a1 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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HEF4527B 
MSI 

A.C. CHARACTERISTICS (continued) 

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

parameter VDD 
V 

symbol min. typ. max. unit 
typical extrapolation 

formula 

Propagation delays 
PL --~ O1, O1 5 260 520 ns 233 ns+ i0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 100 200 ns 89 ns+ (0,23 ns/pF) CL 
15 70 140 ns 62 ns+ (0,16 ns/pF) CL 

5 235 470 ns 208 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 90 180 ns 79 ns+ (0,23 ns/pF) CL 

15 50 100 ns 42 ns + (0,16 ns/pF) CL 

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 

V5S = 0 V; Tamb = 25 °C; input transition times 20 ns 

VDD 
V 

typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1 050 fi + E(foCL) x VDDZ 
4500fi+ (foCL) x VDDZ 

10 500 f1+ E(foCL) x VDDZ 

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) =sum of outputs 
VDD = supply voltage (V) 
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BCD rate multiplier 

CP INPUT 

FF1 OUTPUT 

FF2 OUTPUT 

FF3 OUTPUT 

FF4 OUTPUT 

R1 

R2 
see r 
Fig. 3 

R3 

R4 

O1 OUTPUT 
SA = H only 

O1 OUTPUT 

SB = H only 

O1 OUTPUT 

SC = H only 

O1 OUTPUT 

SD = H only 

TC OUTPUT 

TC OUTPUT 

HEF4527B 
MSI 
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7284387 

Fig. 4 Timing diagram. 
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APPLICATION INFORMATION 

Add mode 

MOST SIGNIFICANT LEAST SIGNIFICANT 
DIGIT DIGIT 

clock 

H -
L -
L-
H- SD O1 

 CP HEF4527B 
RM1 

-CAS TC 
•- CE 
'-SIR TC 

SA

SC

CL PL 

1
47> 

L-
L -
H -
L 

SA
S B
SC

O1 -

D O1 - 

CP HEF4527B 
RM2 _ 

CAS TC - 
CE 
STR IC —

CL PL 

47
7Z84385 

Fig. 5 Two HEF4527B cascaded in the add mode. 
Output rate = 10n (0,1 BCD 1 + 0,01 BCD2 + 0,01 BCD3 +  ), in where n = number of cascaded 
RMs. Example: RM1 preset to 9 and RM2 preset to 4, output rate is 102 (0,1 x 9 x 0,01 x 4) = 94. 

Multiply mode 

clock 

MOST SIGNIFICANT LEAST SIGNIFICANT 
DIGIT DIGIT 

H-
L-
L-
H -

SA
S B
S C

SD O 

  CP HEF4527B 
RM1 _ 

-CAS TC 

  STR TC 

CL PL 

1 '1 

•--

SB
S C

SD O1 - 

CP HEF4527B 
RM2 

CAS 
CE 
STR 

O1 — 

TC — 

TC — 

CL PL 

1 1 
7Z84384 

Fig. 6 Two HEF4527B cascaded in the multiply mode. 
Output rate = 10n (0,1 BCD1 x 0,1 BCD2 x 0,1 BCD3 x  ), in where n = number of cascaded RMs. 
Example: RM1 preset to 9 and RM2 preset to 4, output rate is 102 (0,1 x 9 x 0,1 x 4) = 36. 
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DUAL MONOSTABLE MULTIVIBRATOR 

The HEF4528B is a dual retriggerable-resettable monostable multivibrator. Each multivibrator has an 
active LOW input (10), and active HIGH input (Ii), an active LOW clear direct input (CD), an output 
(O) and its complement (O), 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 
(Rt) must be connected between RCTC and VDD. The duration of the output pulse is determined by 
the external timing components Ct and Rt. 

A HIGH to LOW transition on I0 when 11 is LOW or a LOW to HIGH transition on 11 when TO is 
HIGH produces a positive pulse (LOW-HIGH-LOW) on O_and a negative pulse (HIGH-LOW-HIGH) 
on O if the CD is HIGH. A LOW on CD forces O LOW, O HIGH and inhibits any further pulses until 
CD is HIGH. 

RCTCA 
1 

C TCA 

OA 6 
1 0A 

4 

1A OA 7 

3 CDA 

14 RCTC B 

15 

CTC B 

OB 10 
1 0B 

12 

16 9 

3 CDB 

7282336.1 

Fig. 1 Functional diagram. 

FAMILY DATA 

I 

16 15 14 13 12 11 10 I' I 

VDD CTC B I DB 11B 106 OB OB 
RCTC B 

RCTC A 
HEF4528B 

CTC A CDA 11A 10A OA OA VSS 

uuuuuuuu 

Fig. 2 Pinning diagram. 
7Z84349 

HEF4528BP(N): 16-lead Dl L; plastic (SOT38-1) 
HEF4528BD(F): 16-lead DIL; ceramic (cerdip) (SOT74) 
HEF4528BT(D): 16- lead SO; plastic (SOT109-1) 
( ): Package Designator North America 

PINNING 

10A' I0B 

11A' 11 B 

CDA-CDB 

OA, OB 

OA- OB 

CTC A, CTC B 

RCTC A,

RCTC B 

input (HIGH to LOW triggered) 

input (LOW to HIGH triggered) 

clear direct input (active LOW) 

output 

complementary output (active LOW) 

external capacitor connections* 

external capacitor/ 

resistor connections 

* Always connected to ground. 

see Family Specifications 

'DD LIMITS category MSI 

1 
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Fig. 3 Logic diagram (one monostable multivibrator). 
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Dual monostable multivibrator 

FUNCTION TABLE 

inputs outputs 

TO 11 CD O O 

l L H JL U 
H I H J1 U 
X X L L H 

HEF4528B 
MSI 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
I = positive-going transition 
1= negative-going transition 
JZV = positive or negative output pulse; width is determined 

by Ct and At 

A.C. CHARACTERISTICS 

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

VDD 
V 

symbol mi . typ. max, 
typical extrapolation

formula 

Propagation delays 
T0, 11 --► O 5 140 280 ns 113 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 

10, 11 --► O 5 155 305 ns 128 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 60 115 ns 49 ns+ (0,23 ns/pF) CL 

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

CD O 5 105 210 ns 78 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tpHL 40 85 ns 29 ns+ (0,23 ns/pF) CL 

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

CD --► O 5 120 240 ns 93 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 50 105 ns 39 ns+ (0,23 ns/pF) CL 

15 35 70 ns 27 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 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times 20 ns; At = 5 kS2; Ct = 15 pF 

VDD 
V 

Dynamic power 5 
dissipation per 10 
package (P) 15 

typical formula for P (µW) 

4000 fi + E(foCL) x VDD2
20000 fi + E(foCL) x VDDZ
59000 f1 + E(foCL) x VDDZ

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 
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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. 5. 

VDDV symbol min. typ. max. 

Recovery time 5 0 —75 ns 
for CD 10 tRCD 0 —30 ns 

15 0 —25 ns 

Minimum TO 5 50 25 ns 
pulse width; LOW 10 tWIOL 30 15 ns 

15 20 10 ns 

Minimum 11 5 50 25 ns 
pulse width; HIGH 10 tW11H 30 15 ns 

15 20 10 ns 

Minimum CD 5 60 30 ns 
pulse width; LOW 10 twCDL 35 15 ns 

15 25 10 ns 

Set-up time 5 0 —105 ns 
CD --► IO or I 1 10 t5U 0 —40 ns 

to avoid change 

15 0 —25 ns 
in output 

Output 0 pulse 5 — 235 ns 
width; HIGH 10 tWOH — 155 ns { note 1 

15 — 140 ns 

Output 0 pulse 5 — 5,45 µs 
width; HIGH 10 tWOH — 4,95 µs note 2 

15 — 4,85 µs 

Change in output 0 5 — ±3 
pulse width over 10 OtWO — ±2 % j note 3 
temperature 15 — ±2 % l 

Change in output 0 5 +2 % 
pulse width over 10 OtWO — ±1 % VDD ± 5% 
VDD 15 — ±1 % l 

External timing 5 5 — 2000 k&2 
resistor 10 Rt 5 — 2000 kSZ 

15 5 — 2000 kS2 

External timing 5 no limits 
capacitor 10 Ct no limits 

15 no limits 

Notes 

1. Rt = 5 kS2; Ct = 15 pF; for other Rt, Ct combinations and Ct <0,01 µF see graph Fig. 4. 
2. Rt = 10 kS2; Ct = 1000 pF; for other Rt, Ct combinations and Ct > 0,01 µF use formula 

two = K.Rt.Ct. 

where: two = output pulse width (s) K = 0,42 for VDD = 5 V 
Rt = external timing resistor (S2) K = 0,32 for VDD = 10 V 
CCt = external timing capacitor (F) K = 0,30 for VDD = 15 V 

3. Tamb = —40 to +85 °C; OtWO is referenced to two at Tamb = 25 °C. 
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Dual monostable multivibrator 

103

t yip 

(µs) 

10 2

10 

1 

10 -1

727296 .1 

10 2 10 310 

VDD=5V 
 10V 
 15V 

5V 
10V N
15V 

5V 
10\-
15 V-

HEF4528B 
MSI 

}R t = 100 kSt 

}R t =10kS2 

}Rt=5 kS2 

Ct 
pF) p4 

Fig. 4 Output pulse width (two) as a function of external timing capacitor (Ct). 
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CD INPUT 50% 

— tWCDL—T— tRCD —i ~- two  -

10 INPUT 

(Ii = LOW) 
50% 

~tsu ~tW11Hi 

I~ INPUT 

(10= HIGH) 

O OUTPUT 

50% 

~ — tsu tWOH 

50% 

7Z75415 

Fig. 5 Waveforms showing minimum T0, I1 and O 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: 

s Non-retriggerable monostable multivibrator 

7Z84350 

Fig. 6 Two examples for a non-retriggerable monostable multivibrator using half of HEF4528B 
(LOW to HIGH and HIGH to LOW triggered). 
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13-INPUT PARITY CHECKER/GENERATOR 

The HEF4531B is a parity checker/generator with 13 parity inputs (10 to 112) and a parity output (O). 
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 112 input of the other device since there is less delay to the output from 
the 112 input than from any other input (10 to 111) 

0 ~6 2 3 14 5 16 I 17 18 19 1 110 111 112

O is HIGH if any odd number of inputs is HIGH 

O 

9 

Fig. 1 Functional diagram. 

16 15 14 13 12 11 10 I' I 

VDD 17 18 19 110 111 112 O 

1D HEF4531B 

16 15 14 13 12 11 10 VSS 

uuuuuuuu 
7274618 

Fig. 2 Pinning diagram. 

HEF4531BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4531 BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4531 BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

FAMILY DATA 
see Family Specifications 

'DD LIMITS category MSI 

7274619.1 

1 
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~0  

)D-111   

12  / 
13

14 

)D-i

16

17

18   

)D-i
I9

110 

111 

112 

FUNCTION TABLE 

D,   D o 

7274620.1 

Fig. 3 Logic diagram. 

inputs output 

10 11 12 13 14 15 16 17 18 Ig 110 111 112 O 

L 

H 

L 

H 

L 

H 

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 

L 

H 

L 

H 

L 

H 

L 
H 
L 
H 

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

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 OC; input transition times G 20 ns 

VDD typical formula for P (µW) V f1 = 
where 

input freq. (MHz) 
fo = output freq. (MHz) 

Dynamic power 5 425 f1 + E(foCL) x VDD2 CL = load capacitance (p F) 
dissipation per 10 2 400 f1 + E(foCL) x VDD2 E(foCL) = sum of outputs 
package (P) 15 7 700 f1 + E(foCL) x VDD2 VDD = supply voltage (V) 
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13-input parity checker/generator 

A.C. CHARACTERISTICS 

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

HEF4531B 
MSI 

VDO 
V s mbol y t yp' max. 

typical extrapolation 
formula 

Propagation delays 
10 to il  ---► O 5 145 290 ns 118 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 

5 135 270 ns 108 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 55 110 ns 44 ns + (0,23 ns/pF) CL 

15 45 90 ns 37 ns + (0,16 ns/pF) CL 

112 -► O 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 

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 

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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8-INPUT PRIORITY ENCODER 
The HEF4532B is an 8-input priority encoder with eight active HIGH priority inputs (10 to 17), three 
active HIGH outputs (O0 to O2), an active HIGH enable input (Ein), an active HIGH enable output 
(Eout) and an active HIGH group select output (GS). 
Data is accepted on inputs 10 to 17. The binary code corresponding to the highest priority input (10 to 
17) which is HIGH, is generated on O0 to O2 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 10 to 17 are LOW 
and Ein is HIGH. Ein, when LOW, forces all outputs (O0 to O2, GS, Eout) LOW. 

5 Ein 

4 17 

3 6 

2 5 

1 14 

13 I 3 

12 2 

11 1 

10 0 

enable 

PRIORITY 
ENCODER 

16 15 14 13 12 11 X10 I' I 

VDD Eout GS 13 12 11 10 O0

14 15 16

HEF4532B 

17 O2 O1 VSS 

uuuuuuuu 

Fig. 2 Pinning diagram. 

FAMILY DATA 

7Z75365.1 

7Z75371.1 

Fig. 1 Functional diagram. 

HEF4532BP(N): 16-lead DIL; plastic (SOT38-1) 
HEF4532BD(F): 16-lead DIL; ceramic (cerdip) (SOT74) 
HEF4532BT(D): 16-lead SO; plastic (SOT109-1) 
I ): Package Designator North America 

PINNING 

I0 to 17 priority inputs 
Ein enable input 

Eout enable output 

GS group select output 

O0 to O2 outputs 

see Family Specifications 
IDD LIMITS category MSI 
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TRUTH TABLE 

inputs outputs 

Ein 17 16 15 14 13 12 11 10 GS O2 O1 O0 Eout 

L X X X 
H 
H 
H 
H 
H 
H 
H 
H 
H 

L 
H 
L 
L 
L 
L 
L 
L 
L 

L 
X 
H 
L 
L 
L 
L 
L 
L 

L 
X 
X 
H 
L 
L 
L 
L 
L 

X
 

-J
 X

 
X

 
X

 
2 

-J
 J 

J 
J 

X X X 
L 
X X X 
X X X 
X X X 
X X X 
H 
L 
L 
L 

L 

X X X 
H 
L 
L 

L 

X 
H 
L 

X 
L 
X 
X 
X 
X 

X 
X 
H 

L 
L 
H 
H 
H 
H 
H 
H 
H 
H 

L 
L 
H 
H 
H 
H 
L 
L 
L 
L 

L 
L 
H 
H 
L 
L 
H 
H 
L 
L 

L 
L 
H 
L 
H 
L 
H 
L 
H 
L 

L 
H 
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 

LOGIC EQUATIONS 

O2 = Ein  (14+ 15+ I6+ 17) 

O1 =Ein (12 14 15+13 14.15+I6+17) 

O0 =Ein (11 12 14 16+13. 14. 16+15 16 +17) 

Eout = Ein' 10' 11' 12' 13' 14' 15' 16' 17 

GS =Ein•(10+11+12+13+14+15+I6+17) 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; input transition times 20 ns 

VDD V 
typical formula for P (µW) 

where
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
V  = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1 620 fi + ~(foCL) x VDD2
6 600 fi + Z(fQCL) x VDD2

15 970 f1 + E(foCL) x VDD2

HEF4532B 
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 

Vpp 
V symbol min. typ. max. 

typical extrapolation 
formula 

Propagation delays 

Ein Eout 5 95 190 ns 68 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 

5 80 160 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 

Ein —► GS 5 85 170 ns 58 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 

5 80 160 ns 53 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 

Ein ► On 5 80 160 ns 53 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 40 80 ns 29 ns + (0,23 ns/pF) CL 
15 30 60 ns 22 ns + (0,16 ns/pF) CL 

in —• 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 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 

In 1  GS 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 

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 
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8-bit priority encoder 

10 INPUT 

Ii INPUT 

12 INPUT 

13 INPUT 

14 INPUT 

15 INPUT 

Ig INPUT 

17 INPUT 

Ein INPUT 

Eout OUTPUT 

/50% 

HEF4532B 
MSI 

/50% 

/50% 

/50% 

/50% 

/50% 

/50% 

tPHL - 

j50% 

tPLH y 
y tPLH  

GS OUTPUT 50% 

/50% 

tPLH 
tPLH 

/
f . /r

te
O0 OUTPUT 50%1 t 

tPHL~ 

O1 OUTPUT 

tPLH 

O2 OUTPUT 

tPLH tPLH 

tPHL tPHL tPHL 

J 'So% 

tPHL 
-- y 

tPLH f 

tPLH 
r i 

tPHL 

tPHL 

L 

tPHL 
7Z75377.1 

Fig. 4 Waveforms showing propagation delays from inputs to outputs. 
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APPLICATION INFORMATION 

Some examples of applications for the HEF4532B are: 

• Priority encoder 

• Keyboard encoder 

enable _ 
input 

inputs 
8 to 15 

inputs 
0to7 

i 

1 

I 

I 

in GS 

H
E

F
4

5
3

2
6

 O2

O1 

Eout 

6 

in GS 

7 

H
E

F
4
5
3
2
B

 O 

O 

Eout 

9 
12 

13 

10 

1 

HEP4071B 

Fig. 5 16-level priority encoder. 

7Z85106 

3 

GS' 

E 'out 
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8-input priority encoder 

input 9 
input 8 

inputs 
0to7 

TRUTH TABLE (for Fig. 6) 

1/4 HEF4071B 

O3' 

1/6 HEF4069UB 

Ein 

17

H
E
F
4
5
3
2
B
 

0 

GS 

O 

O 

Eo

1/4 HEF4071B 

Fig. 6 0-to-9 keyboard encoder. 

O2' 

O0' 

7Z85107 

inputs outputs 

9 8 7 6 5 4 3 2 1 0 GS 03 OZ O~ Op 

H 
L 

L 
L 
L 
L 

L 
L 
L 
L 

X X X 
H 

L 
L 
L 
L 

L 
L 
L 
L 

X X X 

H 
L 
L 
L 

L 
L 
L 
L 

X X X 
H 
L 
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L 
L 
L 
L 

X X X 

X X X 
H 
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X 
H 

L 
L 
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X 
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H 
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X
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 X
 
X
 

X
 
X
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X 
X 
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L I

 
X
 
X
 X
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 X
 X
 
X
 

X
 
X
 L 
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H 
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H 
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H 
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H 
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L 
L 
L 
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L 
L 
L 
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L 
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H 
H 
H 
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L 
L 
L 
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J
 
J
 

I
 
I
 
J
 
J
 

I
I
J
J
 

H 
L 

H 
L 
H 
L 

H 
L 
H 
L 

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

HEF4532B 
MS I 
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REAL TIME 5-DECADE COUNTER 

HEF4534B 
LSI 

The HEF4534B is a 5-decade ripple counter. The binary outputs of the decade counters are time-
multiplexed by an internal scanner on four BCD outputs (O0 to O3). The selected decade is indicated 
by a logic HIGH on the appropriate digit select output (OS0: units, 1; OS1: tens, 10; OS2: hundreds, 
107; OS3: thousands, 103; OS4: ten thousands, 10). 

The binary outputs (O0 to O3) and the select outputs (OS0 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 (MRsc). 

The counter can operate in four modes depending on the state of the mode select inputs (SA, SB). 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. 

24 23 22 ~21 20 19 18 17 16 15 14 t3 

VDD CPE Cext2 EO O0 O1 O2 O3 TC OS3 EOS OS2 

HEF4534B 

Cext1 MR OER CPA SA SB OS0 OS1 MRsc CPS OS4 VSS 

1 1 1 U La] 141 LJ L1 171 1 s 1 191 1101 1111 1121 

Fig. 1 Pinning diagram. 

HEF4534BP(N): 24-lead DIL; plastic (SOT101-1) 
HEF4534BD(F): 24-lead DIL; ceramic (cerdip) (SOT94) 
HEF4534BT(D): 24-lead SO; plastic (SOT137-1) 
( ): Package Designator North America 

PINNING 

O1 to O3 
OS0 to OS3
OER 

CPA 
CPS 

BCD outputs 
digit select outputs 
error output 
decade clock input 
scanner clock input 

FAMILY DATA 

CPE 

SA,SB 
MR 

MRsc 
TC 

see Family Specifications 

7Z74sa2.1 

error detector clock input 
mode select inputs 
master reset input 
scanner reset input 
carry out 

'DID LIMITS category LSI 
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HEF4534B 
LSI 

J  

CPE 
PULSE 
SHAPER 

CPA — 

MR 

PULSE 
SHAPER 

Cext2 Cext1 OER MR 6C CPS 

 O 
ONE 
SHOT 

O-

ONE 
SHOT O-

PULSE 
ERROR 

DETECTOR 

CO PULSE 
SHAPER 

SA -~ 

CARRY CONTROL 

CP 
CD 

O 
10 

O2 

D2 O3

O i
102

O2

D3 O3

CARRY CONTROL 

CD OP O0 

OUTPUT 
CONTROL 

CO 
0P

O0 

O1
10 

O2

O4 O3

CD U0 

O1
104

O2

O5 O3

CO OP 

SCANNER 

MUX 

MUX 

MUX 

MUX 

EOS 

OS0

O51

OS2

OS3

OS4

O1
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Real time 5-decade counter 

 J \ 

MODE CONTROL FUNCTION TABLE 

HEF4534B 
LS I 

select inputs 1st decade 
output 

carry to 2nd stage carry to 4th stage mode 

SA SB 

L L 
normal count 
and display 

at 9 to 0 transition 
of the 1st decade 

at 9 to 0 transition 
of the 3rd decade 

j 5-decade 
l counter 

L H inhibited input clock input clock 
r test purposes: 
I clock directly into 
1 stages 1,2 and 4 

H H inhibited 
at 4 to 5 transition 
of the 1st decade 

at 9 to 0 transition 
of the 3rd decade 

4-decade counter 
with --10 and round-
off at front end 

H L 
display counts: 
3,4,5,6,7=5 
8,9,0, 1,2=0 

at 7 to 8 transition 
of the 1st decade 

at 9 to 0 transition 
of the 3rd decade 

J 4-decade counter; 
/-pence capability 

MR INPUT 

CPA INPUT 

CPE INPUT 

OER OUTPUT 

I I 

good error 1 error 2 good error 3 good error 4 

 I 

Fig. 3 Error detection timing diagram. 

7274600.1 

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 (Cext) connected from Cext1 and Cext2 (Pins 1 and 22) to V55. 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 tSK1 (adjustable by Cext1 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 

CPE 

tWCPA  I no error 
 I counter 

error counted  ; I ,
I.__ 

no errorl~ tSK1 tSK2 —~ 

counter ~— t WCPE 
7282677 

Fig. 4 Skew times timing diagram; tWCPA > tsK1; tWCPE > tSK2• 

r r 

no error error counted 

counter 

J i L   I 
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HEF4534B 
LSI 

102

tSK 
(ns/pF) 

10 

7282676 

II 
note 1 

note 2 

max 

typ 

n ote 3 

1  
0 5 10 VDD ( V ) 15 

Fig. 5 Typical clock skew as a function of the supply voltage. This graph is accurate for Cext 100 pF 
and Tamb = 25 °C• 

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 

CPA INPUT 

TC OUTPUT 
if SA = L 

TC OUTPUT 
if SA = H; 

SB =H 

TC OUTPUT 
if SA = H; 

SB = L 

1 2 99994 . 5 .6 ....7 ....8 ....9 105  1 

7Z74598.1 
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Real time 5-decade counter 

CPS INPUT 

MRsc INPUT 

OS0 OUTPUT 

OS1 OUTPUT 

OS2 OUTPUT 

OS3 OUTPUT 

OS4 OUTPUT 

7Z74601 1 

Fig. 7 Scanner timing diagram. 

HEF4534B 

 J 
~ LSI 

Note: If SS = H, the 1st decade is inhibited and the cycle will be shortened to four stages (see dotted 
lines). 

CPA INPUT 

O0 1 

O0 10 (D2) 

O0 102 (D3) 

O0 103 ID41 

O0 104 (D5) 

11
 

2 10 102 10 33
 

104 10
x

5

J u L_J_J_J L_rL_J 

L 

7Z74599.1 

Fig. 8 Counter timing diagram. 
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HEF4534B 
LSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

VDD
v

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
CPA —► On 5 300 600 ns 283 ns + (0,55 ns/pF) CL 

D1 selected 10 tpHL 130 260 ns 119 ns + (0,23 ns/pF) CL 
HIGH to LOW 15 95 190 ns 87 ns+ (0,16 ns/pF) CL 

5 240 480 ns 213 ns+ (0,55 ns/pF) CL 

LOW to HIGH 10 tpLH 100 200 ns 89 ns+ (0,23 ns/pF) CL 
15 75 150 ns 67 ns+(0,16 ns/pF) CL 

CPA --► On 5 550 1100 ns 523 ns+ (0,55 ns/pF) CL 

D5 selected 10 tPHL 230 460 ns 219 ns + (0,23 ns/pF) CL 

HIGH to LOW 15 170 340 ns 162 ns+(0,16 ns/pF) CL 

5 550 1100 ns 523 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 230 460 ns 219 ns+ (0,23 ns/pF) CL 

15 170 340 ns 162 ns + (0,16 ns/pF) CL 

CPA 1  TC 5 420 840 ns 393 ns + (0,55 ns/pF) CL 

LOW to HIGH 10 tPLH 190 380 ns 179 ns+ (0,23 ns/pF) CL 
15 140 280 ns 132 ns+ (0,16 ns/pF) CL 

MR — On 5 200 400 ns 173 ns+ (0,55 ns/pF) CL 
HIGH to LOW 10 tpHL 85 170 ns 74 ns+ (0,23 ns/pF) CL 

15 60 120 ns 52 ns+ (0,16 ns/pF) CL 

MR — OER 5 140 280 ns 113 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 

CPS ► On 5 225 450 ns 198 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 95 190 ns 84 ns+ (0,23 ns/pF) CL 

15 70 140 ns 62 ns+ (0,16 ns/pF) CL 

5 225 450 ns 198 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 95 190 ns 84 ns+ (0,23 ns/pF) CL 

15 70 140 ns 62 ns + (0,16 ns/pF) CL 

CPS -► OS, 5 170 340 ns 143 ns+ (0,55 ns/pF) CL 
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 

CPS — ► OS n 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 

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 

600 January 1995 



Real time 5-decade counter 

A.C. CHARACTERISTICS 

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

HEF4534B 
LSI 

VDDV symbol min. typ. max. 

3-state propagation 
delays 

Output disable times 
EO —i 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 
EO --► On; 5 35 70 ns 
EOS 1 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 

VDD 
V typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P)* 

5 
10 
15 

1 100 fi + ~(fOCL) x VDDZ 
4800 fi + E(foCL) x VDDZ

12 000 f1+ E(foCL) x VDDZ 

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load cap. (pF) 
E(foCL) =sum of outputs 
VDD =supply voltage (V) 

* Cext = 0. 
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HEF4534B 
LSI 

APPLICATION INFORMATION 

clock 

HEF4534B 

CPA TC 
~L 

HEF4534B 

CPA 

7282678 

Fig. 9 Two HEF4534B ICs 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 

HEF4534B 

CPS 

OS OS1 OS2 OS 

I I 

BDC for 
selected 
decade 

7282679 

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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HEF4538B 
MSI 

DUAL PRECISION MONOSTABLE MULTIVIBRATOR 

The HEF45388 is a dual retriggerable-resettable monostable multivibrator. Each multivibrator has an 
active LOW trigger/retrigger input ( -0), an active HIGH trigger/retrigger input (11), an overriding active 
LOW direct reset input (CD), an output (O) and its complement 

(u), 

and two pins (CTC* RCTC) for 
connecting the external timing components Ct and Rt. Typical pulse width variation over temperature 
range is ± 0,2%. 
The HEF4538B 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 10µs 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 C. The linear design techniques in LOCMOS guarantee precise control 
of the output pulse width. 
A LOW level at CD terminates the output pulse immediately. 
Schmitt-trigger action in the trigger inputs makes the circuit highly tolerant to slower rise and fall times. 

2 CTC A 
1 

TC A 

OA 6 
0 

4 
OA 7 1 

3 CO 

14 RCTC B 

15 

CTC B 

OB 10 
1 106 

12 
OB 9 18 

3 CDB 

7Z82336.1 

Fig. 1 Functional diagram. 

VDD CTC B CDB 11 B 106 OB OB 
RCTC B 

ID  RCTC A 
HEF45388 

CTC A I CDA I lA I0A OA OA ASS 

7Z82335.1 

Fig. 2 Pinning diagram. 

HEF4538BP(N): 16-lead DIL; plastic ISOT38-1) 
HEF4538BD(F): 16-lead DIL; ceram ic (cerdip) (SOT74) 
HEF4538BT(D): 16-lead SO; plastic (SOT109-1) 
I ): Package Designator North America 

PINNING 

I0A' 106 

11A' 11B 

CDA- CDB 

input (HIGH to LOW triggered) 

input (LOW to HIGH triggered) 

direct reset input (active LOW) 

OA, OB output 

OA, OB complementary output (active LOW) 

CTC A' CTC B external capacitor connections* 

RCTC A, 
RCTC B 

external capacitor/ 
resistor connections 

* Always connected to ground. 
FAMILY DATA; IOD LIMITS category MSI: see Family specifications. 
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Dual precision monostable multivibrator 

FUNCTION TABLE 

inputs outputs 

I0 11 CD O O 

\ L H fl u
H f H !1 V 
X X L L H 

Ct

 1-V DD 

CTC RCTC 

HEF4538B 
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 
f= positive output pulse 
Ll= negative output pulse 

O 

R 

I -  - I 
T= R t xCt

O Fig. 4 Connection of the external timing 
components Rt and C. 

7Z82337.1 

D.C. CHARACTERISTICS 

VSS = 0 V 

V D D 
V 

symbol —40 
typ. max. 

Tamb (°C) 

+ 25 
typ. max, 

+ 85 
typ. max. 

Supply current 
active state 
(see note) 

Input leakage 
current 
(pins 2 and 14) 

5 
10 
15 

15 

I D 

t IIN 

55 
150 
220 

300 1000 

µA 
µA 
µA 

nA 

Note 
Only one monostable is switching: current present during output pulse (output O is HIGH). 
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HEF4538B 
MSI 

 J \ 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

VDD 
v

symbol min. typ. max. 
typical extrapolation 

Propagation delays 
T0, 11 —a. 0 5 200 460 ns 173 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 90 180 ns 79 ns + (0,23 ns/pF) CL 
15 60 120 ns 52 ns + (0,16 ns/pF) CL 

10, 11 — 0 5 220 440 ns 193 ns+ (0,55 ns/pF) CL 

LOW to HIGH 10 tpLH 85 190 ns 74 ns+ (0,23 ns/pF) CL 
15 60 120 ns 52 ns + (0,16 ns/pF) CL 

CD 1  0 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 

CD --+ O 5 125 250 ns 98 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 

Recovery times 5 20 40 ns 
CD —s 10, 11 10 tRCD 10 20 ns 

15 5 10 ns 

Retrigger times 5 0 ns 
O, 0 ► I0, 11 10 tRO 0 ns 

15 0 ns 

Minimum l0 5 90 45 ns 
pulse width; LOW 10 tWIOL 30 15 ns 

15 24 12 ns 

Minimum 11 5 50 25 ns 
pulse width; HIGH 10 tWl1 H 24 12 ns 

15 20 10 ns 

Minimum CD 5 55 25 ns 
pulse width; LOW 10 twCDL 25 12 ns 

15 20 10 ns 

Output 0 or O 5 218 230 242 µs ( Rt = 100 kS2 pulse width 10 
15 

tWO 213 224 235 µs 
211 223 234 µs 

Ct = 0,002µF 

Output 0 or O 5 10,3 10,8 11,3 ms ( R t = 100 kS2 pulse width 10 
15 

tWO 10,2 10,7 11,2 ms 
10,1 10,6 11,1 ms 

I Ct = 0,1 µF 

Output O or O 5 1,01 1,09 1,11 s Rt = 100 kSt pulse width 10 
15 

tWO 0,99 1,04 1,09 s 
0,99 1,04 1,09 s 

1 Ct = 10µF l 
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Dual precision monostable multivibrator 

A.C. CHARACTERISTICS 

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

HEF4538B 
MSI 

VDDV 
symbol min. typ. max. 

Change in output O 5 ± 0,2 % 
pulse width over 10 OtWO ± 0,2 % 
temperature (Tamb) 15 ± 0,2 % 

Change in output O 
pulse width over tWO ± 1,5 % 
VDD range 5 to 15 V 

Pulse width variation 5 ± 1 % 
between circuits 10 tWO ± 1 o va j At = 100 kSl 

in same package 15 ± 1 I Ct = 2 nF to 10µF 

External timing 
resistor Rt 5 — kSt 

External timing 
capacitor Ct 2000 — no limits pF 

Input capacitance 
(pin 2 or 14) CIN 15 pF 

* 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 HEF453BB. 

1 
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HEF4538B 
MSI 

1 INPUT 

(10 = HIGH) 

10 INPUT 

1 11 = LOW) 

CD INPUT 

0 OUTPUT 

0 OUTPUT 

7Z82339.2 

J50 

ftWI1H y 

tPLH 

/50% 

~- tWOH 

\50 % 

tWOL- _ 

r50% 

f tWIOL 

tp0 

1 
tPLH 

tPHL 

t RCD _y 

\50% 

~ tWCDLy

1 
1 

tWOH 

1 

I 
J 

  tPLH 

1 

tPLH tPHL 

Fig. 5 Waveforms showing minimum I~, I1, O and CD pulse widths, recovery times and propagation delays. 
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Dual precision monostable multivibrator 
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HEF4538B 
MSI 

3 

OtWO 
(%) 

2 

1 

0 

2 

7Z90174 

VDD 
5V 

10 V 

15V 

-40 0 

(a) 

40 80 

Tamb (°C) 

3 
D tWO 

(%) 
2 

1 

0 

2 

7Z90173 

VDD  

5V 

10V 

15V 

-40 0 

(b) 

40 80 

Tamb (°C) 

Fig. 7 Typical normalized change in output pulse width as a function of ambient temperature; 
0% at Vpp = 10 V and Tamb = 25°C. 
(a) Rt =100kSZ;Ct =100nF. (b) Rt =100kS2;Ct =2nF, 

3 

tWO 
(%) 

2 

1 

0 

1 

-2 
0 4 12 16 

V0D (V) 

Fig. 8 Typical normalized change in output pulse 
width as a function of the supply voltage at 

Tamb = 25 °C; 0% at Vpp = 10 V; Rt = 100 kSt. 

7290171 
1000 

Ct= 

2 nF 

100nF 

8 

'DD 

(µA) 

100 

10 

1 

0,1 

7290176 

 6, 1 J
.O 

JOO hi 

0,01 01 0 100 
S 1%1 

Fig. 9 Total supply current as a function 
of the output duty factor; Rt = 100 k&Z; 
Ct = 100 nF; CL = 50 pF. One monostable 
multivibrator switching only. 
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HEF4539B 
MSI 

DUAL 4-INPUT MULTIPLEXER 

The HEF4539B is a dual 4-input multiplexer with common select logic. Each multiplexer has four 
multiplexer inputs (10 to 13), an active LOW enable input (E) and a multiplexer output (O). 
When HIGH, E forces O of the respective multiplexer LOW, independent of the select inputs (S0 and 
S1) and I0 to 13. When E is LOW, SO and S1 determine which multiplexer input (10 to 13) on each of 
the multiplexers is routed to the respective multiplexer output (O). 

6 

I0A 

5 

I 1A 12A 

MULTIPLEXER 

3 14 2 

js

1 EA

OA

10 

10B 

11 

11B 

12 

12B 

13 

13B 

MULTIPLEXER 

OB

EB

7Z69517 

Fig. 2 Pinning diagram. 

PINNING 

10A' 11A' 12A' 13A 

10B. 11B' 12B' 136 

S0, S1 

EA, EB 
OA, OB 

FAMILY DATA 

7 9 7Z69543.3 

Fig. 1 Functional diagram. 

15 

HEF4539BP(N): 16-lead Dl L; plastic 
(SOT38-1) 

HEF4539BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4539BT(D): 16-lead SO; plastic 
(SOT109-1) 

U: Package Designator North America 

multiplexer inputs 

multiplexer inputs 

select inputs 
enable inputs (active LOW) 

multiplexer outputs 

I, see Family Specifications 
'OD LIMITS category MSI 
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HEF4539B 
MSI 1s 

EA 10A 11A 2A 13A S1 SO 

~00000~ 
• O O q 0 O 

7? O 

I0B 1 B 12B 

777 

U 
CJ 

FUNCTION TABLE 

inputs output 

S0 S1 En On

X X H L 
L L L 10 
H L L 11 
L H L 12 
H H L 13 

3B EB 

0 0 

LJ 

7Z69705.2 

Fig. 3 Logic diagram. 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
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Dual 4-input multiplexer 

A.C. CHARACTERISTICS 

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

HEF4539B 
MSI 

VDD 
V 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
In --► On 5 120 240 ns 93 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 

5 120 245 ns 93 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 50 100 ns 39 ns+ (0,23 ns/pF) CL 

15 35 65 ns 27 ns+ (0,16 ns/pF) CL 

Sn 0  On 5 165 330 ns 138 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 65 125 ns 54 ns+ (0,23 ns/pF) CL 

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

5 155 310 ns 128 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 60 120 ns 49 ns+ (0,23 ns/pF) CL 

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

En - ► 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 55 ns 22 ns+ (0,16 ns/pF) CL 

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

15 30 55 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) C 

VDD 
V 

typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

700 fi + E(foCL) x VDD2
2900 fi + E(foCL) x VDD2
8100 f1+ E(foCL) x VDD2

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(fOCL) =sum of outputs 
VDD = supply voltage (V) 

APPLICATION INFORMATION 

Some examples of applications for the HEF4539B are: 

• Data selectors. 

• Data multiplexers. 

January 1995 613 





HEF4541B 
MSI 

PROGRAMMABLE TIMER 

The HE F4541 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 26 210 213 or 216 depending on the 
state of the address inputs (A0, A1). The divided oscillator frequency is available at output O. 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 
RS 

2

CTC 

4 Do-
5 AR„ 

- ti

6 MR 

9 PH 

POWE R-ON 

RESET 

1  12 13 10

RTC A0 A l MODE 

CP 
control inputs 

BINARY 
COUNTER 

OUTPUT 
STAGE 

O8 

VDD Al A0 n.c. MODE PH O 

D HEF4541B 

RTC CTC RS n.c. AR MR VSS 

UWL3JWL5iLs.JW 
Fig. 2 Pinning diagram. 

FAMILY DATA 

IDD LIMITS category MSI 

7Z83067.1 

7Z83068.2 

Fig. 1 Functional diagram. 

HEF4541BP(N): 14-lead Dl L; plastic 
(SOT27-1) 

HEF4541 BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF4541 BT(D): 14-lead SO; plastic 
(SOT108-1) 

( ): Package Designator North America 

see Family Specifications 
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0-  C TC 

RTC 

CP 28 COUNTER 

RESET 

0 

AO
~ 

A l

AR~O 

MR -O 

PINNING 

A0, A1
MODE 

AR 
MR 

PH 

RTC 

CTC 
RS 

> 0

CP 28 COUNTER 

RESET 22 25 28

POWER -ON 

RESET 

MODE 

MUX 

LATCH 

address inputs 
PH

mode select input V  {/ 
auto reset input 
master reset input 
phase input 

external resistor connection (Rt) 
external capacitor connection (Ct) 
external resistor connection (R5) or external 

D 
7Z83070.2 

Fig. 3 Logic diagram. 

clock input 
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Programmable timer 

FREQUENCY SELECTION TABLE 

A0 Al 
number of 

counter stages 
n 

fosc = 2n 
fout 

L 
L 
H 
H 

L 
H 
L 
H 

13 
10 
8 

16 

8 192 
1 024 
256 

65 536 

FUNCTION TABLE 

inputs 
mode 

AR MR PH MODE 

H L X X auto reset disabled 
L L X X auto reset enabled 1)
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 

HEF4541B 
MSI 

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

1. For correct power-on reset, the supply voltage should be above 8.5 V. For Voo <8.5 V, disable the 
autoreset and connect AR to Vpp. 

2. The timer is initialized on a reset pulse and the output changes state after 2"-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. 

1 
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RC oscillator 

reset 
from logic 

RS 

3 

C2 

O 

C TC 
2 

TC 

clock to 
counter 

7Z83069.2 

Fig. 4 External component connection for RC oscillator; RS 2Rt• 

Typical formula for oscillator 
frequency: 

fosc 2,3 x At x Ct
1 

Timing component limitations 

The oscillator frequency is mainly determined by RtCt, provided At << AS 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. At must be larger than the LOCMOS 
'ON' resistance in series with it, which typically is 500 Sl at Vpp = 5 V, 300 S2 at Vpp = 10 V and 
2001ZatVpp=15V. 

The recommended values for these components to maintain agreement with the typical oscillation 
formula are: 

Ct 100 pF, up to any typical value, 
10 kS2 5 Rt 5 1 MS2. 
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Programmable timer 

105

103

102

10 

HEF4541B 
MS I 

7282715 

♦ 

103 104 105 Rt (S2) 106

10-4 10-3 10-2 Ct (µF) 10-1

Fig. 5 RC oscillator frequency as a function of Rt and Ct at Vpp = 5 to 15 V; Tamb = 25 OC. 

-  Ct curve at Rt = 56 kSl; Rg = 120 kS2. 
---- Rt curveatCt = 1 nF; RS=2Rt. 

1 
I January 1995 619 



HEF4541B 
MSI 

 I 
10 

~f 

( %) 

5 

0 

5 

—10 
—75 —50 —25 0 25 50 75 100 125 150 

7Z82714 

VDD = 
 15V 

10V 

— .15V -

5 V --

5 V ---

Tamb ( ° C) 

Fig. 6 Frequency deviation (sf) as a function of ambient temperature; referenced at : fosc at 

Tamb = 25°C and VDD = 10 V. 

  Rt = 56 kS2; Ct = 1 nF; RS = 0. 
— — — Rt = 56 kS2; Ct = 1 nF; RS= 120 kSl. 
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Programmable timer 

D.C. CHARACTERISTICS 

VSS=0V 

VDD 
V 

VOL 
V 

VOH 
V symbol -40 

min, max. min. 

Tamb (°C) 

+25 

typ. max. 

+85 

min. max. 

Supply current 5 — 80 - 20 80 - 230 µA 
power-on reset 10 1D - 750 - 250 600 - 700 µA 
enabled (note) 15 — 1600 - 500 1300 - 1500 µA 

Supply voltage for 
automatic reset 
initialization 
(note) 

VDD — — 8,5 5 — — — V 

Output current 5 4,6 0,5 - 0,4 - - 0,3 - mA 
HIGH; CTC, RTC 10 9,5 -1OH 1,4 - 1,2 - - 0,95 - mA 

15 13,5 4,8 - 4,0 - - 3,2 - mA 

5 2,5 -IOH 1,4 - 1,2 - - 0,95 — mA 

Output current 5 0,4 0,33 - 0,27 - - 0,20 - mA 

LOW;CTC- RTC 10 0,5 1OL 1,00 - 0,85 - - 0,68 - mA 
15 1,5 3,20 - 2,70 - - 2,30 - mA 

HEF4541B 
MSI 

Note 
All inputs at 0 V or VDD, except input AR = input MR = 0 V (power-on reset active). 

A.C. CHARACTERISTICS 

V5S = 0 V; Tamb = 25 °C; input transition times 20 ns 

VDD 
V 

typical formula for P (µW)* 

Dynamic power dissipation 5 1 300 fi + foCLVDD2
per package 10 5300 fi + foCLVDDz 
(P) 15 12000 fi + foCLVDD2

Total power dissipation 5 1300 fosc+foCLVDDz+2CtVDD2fosc+10VDD 
when using the 10 5 300 fosc + foCLVDD2 + 2CtVDD2 fosc + 100 VDD 
on-chip oscillator (P) 15 12000 fosc+foCLVDD2 + 2CtVDD2 fosc +400 VDD 

* where: 

fi = input frequency (MHz) 
fo = output frequency (MHz) 
CL = load capacitance (pF) 
VDD= supply voltage (V) 
Ct = timing capacitance (pF) 

fosc = oscillator frequency (MHz) 
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Js 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 

VDD 
V 

symbol min. typ. max. typical extrapolation
formula 

Propagation delays 
RS --► O 
28 selected 5 375 750 ns 348 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL; 150 300 ns 139 ns + (0,23 ns/pF) CL 
LOW to HIGH 15 tPLH 110 220 ns 102 ns + (0,16 ns/pF) CL 

RS -O 
210 selected 5 425 850 ns 398 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL; 165 330 ns 154 ns+(0,23 ns/pF) CL 
LOW to HIGH 

15 tPLH 120 240 ns 112 ns+ (0,16 ns/pF) CL 

RS -►O 
213 selected 5 510 1020 ns 483 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL; 190 380 ns 179 ns+ (0,23 ns/pF) CL 
LOW to HIGH 15 tPLH 135 270 ns 127 ns+ (0,16 ns/pF) CL 

RS -► O 
2 76 selected 5 575 1150 ns 548 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL; 210 420 ns 199 ns+ (0,23 ns/pF) CL 
LOW to HIGH 

15 tPLH 150 300 ns 142 ns+ (0,16 ns/pF) CL 

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

15 24 12 ns 

Minimum reset 5 60 30 ns 
pulse width; HIGH 10 tWMRH 30 15 ns 

15 24 12 ns 

Maximum clock 5 8 16 MHz 
pulse frequency 10 fmax 15 30 MHz 

15 18 36 MHz 

Oscillator frequency 5 90 kHz I Rt = 5 kS2 
10 fosc 90 kHz Ct = 1 nF 
15 90 kHz I RS = 10 k1Z 

Oscillator frequency 5 8 kHz I Rt = 56 kSt 
10 fosc 8 kHz Ct = 1 nF 

15 8 kHz I R5 = 120 kSt 
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HEF4543B 
MS I 

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 DD), an active HIGH latch disable input (LD), an active HIGH blanking 
input (BI), an active HIGH phase input (PH) and seven buffered segment outputs (Oa to Og). 

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 (BI) and latch 
disable ( LD) 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 

7 

LD 

BI 

5 3 2 I4 

DA DD DB DC

LATCHES 

6 PH 

DECODER 

DRIVERS 

IOg Of Oe Od Oc Ob Oa

14 15 13 12 11 10 9 

7Z72aso.2 

Fig. 1 Functional diagram. 

PINNING 

DA to DD address (data) inputs 

PH phase input (active HIGH) 

BI blanking input (active HIGH) 

LD latch disable input (active HIGH) 

Oa to Og segment outputs 

FAMILY DATA 

IDD LIMITS category MSI J 

16 15 14 13 12 11 10 I'1 

VDD Of Og Oe Od Oc Ob Oa 

ID HEF4543B 

LD DC DB DD DA PH BI VSS 

-.~uuuuuuu 
7Z72as1.1 

Fig. 2 Pinning diagram. 

HEF4543BPIN): 16-lead DIL; plastic 
(SOT38-1) 

HEF4543BD(F): 16-lead OIL; ceramic (cerdip) 
(SOT74) 

HEF4543BT(D): 16-lead SO; plastic 
(SOT109-1) 

I ): Package Designator North America 

see Family Specifications 

a 

f' g 'b 

e/ /c 

Fig. 3 Segment designation. 
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BCD to 7-segment latch/decoder/driver HEF4543B 

 J 
\ MSI 

FUNCTION TABLE 

inputs outputs 

LD BI PH * DD DC DB DA Oa Ob Oc Od Oe Of Og display 
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L 

H 
L 
L 
L 

H 
H 
H 
L 

H 
H 
L 
L 

L 
L 
L 
L 

L 

L 
L 
H 
H 

H 
H 
H 
L 

H 
H 
L 
L 

L 
L 
L 
L 

blank 

0 
1 
2 
3 

4 
5 
6 
7 

8 
9 

blank 
blank 

blank 
blank 
blank 
blank 

** 

as above H as above inverse of above as above 

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

* 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 LD = HIGH. 

i 
Fig.5 Display. 

7272882 
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A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

VDD V symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
Dn — On 5 180 360 ns 153 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 ns + (0,16 ns/pF) CL 

5 180 360 ns 153 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 75 150 ns 64 ns + (0,23 ns/pF) CL 

15 55 110 ns 47 ns + (0,16 ns/pF) CL 

LD 1  On 5 170 340 ns 143 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 

5 190 380 ns 163 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 80 160 ns 69 ns + (0,23 ns/pF) CL 

15 60 120 ns 52 ns + (0,16 ns/pF) CL 

BI —r On 5 145 290 ns 118 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 

5 125 250 ns 98 ns + (0,55 ns/pF) CL 

LOW to HIGH 10 tPLH 55 110 ns 54 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,Ons/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 LD 5 60 30 ns 
pulse width; HIGH 10 tWLDH 30 15 ns 

15 20 10 ns 

Set-up time 5 40 20 ns 
Dn —+ LD 10 tsu 20 5 ns 

15 15 0 ns 

Hold time 5 0 —15 ns 
Dn —i LD 10 thold 15 0 ns 

15 20 5 ns 

VDD V typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

2200 fi + E(foCL) x VDDZ
10400 fi + E(foCL) x VDDZ 
33000 fi + E(foCL) x VDDZ
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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. 

common cathode 
LED 

7Z83482 

HEF4543B 
MSI 

Fig. 6 Connection to common cathode LED display readout. 

HEF4543B 

output 

PH 

VDD 
common anode 

LED 

// 

7Z83481 

VDD 

Fig. 7 Connection to common anode LED display readout. 

Note to Figs 6 and 7: bipolar transistors may be added for gain where VDD 5 10 V or out '~ 10 mA. 

HEF4543B 

output 

PH 

one of seven 
segments 

common 

f back-plane 

square wave; 

VSS tO VDD 7Z83484 

Fig. 8 Connection to liquid crystal (LCD) display readout. 
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appropriate 
voltage 

Fig. 9 Connection to incandescent display readout. 

appropriate 
voltage 

_[ 

HEF4543B 

output 

PH 

VSS 

—1 

7Z83486 

Fig. 10 Connection to gas discharge display readout. 

HEF4543B 

output 

PH to filament 
VSS supply 

' / 

VSS or appropriate 

7Z83485 voltage below VSS 

Fig. 11 Connection to fluorescent display readout. 
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HEF4555B 
MSI 

DUAL 1-OF-4 DECODER/DEMULTIPLEXER 

The HEF4555B is a dual 1-of-4 decoder/demultiplexer. Each has two address inputs (A0 and A1), an 
active LOW enable input (E) and four mutually exclusive outputs which are active HIGH (00 to 03)• 
When used as a decoder, E when HIGH, forces 00 to 03 LOW. When used as a demultiplexer, the 
appropriate output is selected by the information on A0 and Al with E as data input. All unselected 
outputs are LOW. 

O0A 4 
2 A OA 

O 1A 5 

A lA 
DECODER O2A 6 

3 
O3A 7 

1 EA O 

00B 12 
14 A OB 

01 11 

13 A 1 
DECODER O 2B 10 

O 3B 9 

15 E B
I 

7269544.2 

Fig. 1 Functional diagram. 

PINNING 

E enable inputs (active LOW) 

A0 and Al address inputs 

00 to 03 outputs (active HIGH) 

FAMILY DATA 

IDD LIMITS category MSI 

Z 69 518 

Fig. 2 Pinning diagram. 

HEF4555BP(N): 16-lead DIL; plastic 
(S0T38-1) 

HEF4555BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4555BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

see Family Specifications 
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V ~ O0

TRUTH TABLE 

 Do 

7269728.1 

Fig. 3 Logic diagram (one decoder/multiplexer). 

inputs outputs 

E A0 Al Op O1 O2 O3 

L 
L 
L 

L 
H 

L 
H 

L 
L 
H 
H 
X 

H 

L 
L 
L 
L 

L 
H 

L 
L 
L 

L 
L 
H 
L 
L 

L 

L 
L 
H 
L 

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 

HEF4555B 
MSI 

VDD V symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
An --► On 5 115 230 ns 88 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 

5 140 280 ns 113 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 

En --► On 5 125 250 ns 98 ns+ (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 50 95 ns 39 ns + (0,23 ns/pF) CL 

15 30 65 ns 22 ns + (0,16 ns/pF) CL 

5 150 295 ns 123 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 55 110 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 tTLH 30 60 ns 9 ns + (0,42 ns/pF) CL 

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

VDDV typical formula for P (µW) where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL)=sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

4500 fi + E(foCL) x VDD2
18800 fi + E(fQCL) x VDD2
45 700 fi + E(foCL) x VDD2

APPLICATION INFORMATION 

Some examples of applications for the HEF4555B are: 

• Code conversion. 
• Address decoding. 

• Demultiplexing: when using the enable input as data input. 

1 
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DUAL 1-OF-4 DECODER/DEMULTIPLEXER 

The HEF4556B is a dual 1-of-4 decoder/demultiplexer. Each has two address inputs (A0 and A1), an 
active LOW enable input (E) and four mutually exclusive outputs which are active LOW (O0 to O3). 
When used as a decoder, E when HIGH, forces O0 to O3 HIGH. When used as a demultiplexer, the 
appropriate output is selected by the information on A0 and Al with E as data input. All unselected 
outputs are HIGH. 

2 0 

3 1A 
DECODER 

14 0 

DECODER 
13 

15 

O OA

OO
 
1A 

p 2A 

O 3A 

4 

5 

6 

7 

Q 0B

OO 1 B 

Q 2B 

3B 

12 

11 

10 

9 

7Z85105 

Fig. 1 Functional diagram. 

PINNING 

E enable inputs (active LOW) 

A0 and Al address inputs 

O0 to O3 outputs (active LOW) 

FAMILY DATA 

'DD LIMITS category MSI 

7269519 

Fig. 2 Pinning diagram. 

HEF4556BP(N): 16-lead Dl L; plastic 
(SOT38-1) 

HEF4556BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4556BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

see Family Specifications 
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TRUTH TABLE 

7269729.2 

 Do 

Fig. 3 Logic diagram (one decoder/multiplexer). 

inputs outputs 

E Ap Al Op 01 O2 O3 

L 
L 
L 
L 
H 

L 
H 
L 
H 
X 

L 
L. 
H 
H 
X 

L 
H 
H 
H 
H 

H 
L 
H 
H 
H 

H 
H 
L 
H 
H 

H 
H 
H 
L 
H 

O- O2 

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 

J  

A.C. CHARACTERISTICS 

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

HEF4556B 
MSI 

VDDV 
symbol min. typ. max. 

typical extrapolation 
formula 

Propagation delays 
An — ► On 5 130 255 ns 103 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 50 100 ns 39 ns+ (0,23 ns/pF) CL 
15 35 65 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 85 ns 29 ns+ (0,23 ns/pF) CL 

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

En —; On 5 120 240 ns 93 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 

5 105 205 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 

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 

VDD 
V typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

4400 fi + E(foCL) x VDD2
18000 ti + E(foCL) x VDD2
43300 fi + E(foCL) x VDD2

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(fOCL) = sum of outputs 
VDD = supply voltage (V) 

APPLICATION INFORMATION 

Some examples of applications for the HEF4556B are: 

• Code conversion. 

• Address decoding. 

• Demultiplexing: when using the enable input as data input. 

1 
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HEF4557B 
LS I 

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, L8, L16 and L32) plus one. Serial data may be selected 
from the DA or DB data inputs with the A/B select input. This feature is useful for recirculation pur-
poses. Information on DA or DB 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 O to LOW and O to HIGH, independent of the other inputs. 

7 

9 3 12 13 14 15 1 2 

A/B 

6 

CP1

4 CPO

MR L32 L16 8 4 2 

CP 

SHIFT REGISTER 

64-BITS 

O 10 

O 11 

Fig. 1 Functional diagram. 

PINNING 

DA, DB 
A/B 

CPO 

CP1 

MR 

L1 to L32 
O,O 

data inputs 

select data input 

clock input 

clock enable input 

asynchronous master reset 

bit-length control inputs 

buffered outputs 

7Z72875.2 

16 15 14 13 12 11 10 I' 1 

VDD L4 L8 L16 L32 O O A/B 

HEF4557B 

uu~uuuuu 
L2 L1 MR CPO CP1 DB DA VSS 

Fig. 2 Pinning diagram. 
7Z 72876.1 

HEF4557BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4557BD(F): 16-lead DI L; ceramic (cerdip) 
(SOT74) 

HEF4557BT(D): 16-lead SO; plastic 
(SOT 1 09-1) 

U: Package Designator North America 

FAMILY DATA 
see Family Specifications 

IDD LIMITS category LSI 
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HEF4557B 
LSI 
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1-to-64 bit variable length shift register 

FUNCTION TABLE 

inputs output 

MR A/B DA DB CP0 CP1 O 

L 
L 
L 
L 
H 

L 
H 
L 
H 
X 

D1 
D1 
D1 
D1 
X 

D2 
D2 
D2 
D2 
X 

J 
I 
H 
H 
X 

L 
L 

l 
X 

D2 
D1 
D2 
D1 
L 

* The moment Dn appears at O depends on the 
bit-length shown in the table below. 

BIT-LENGTH SELECT FUNCTION TABLE 

HEF4557B 
LSI 

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

= negative-going transition 
Dn = either HIGH or LOW 

L32 L16 L8 L4 L2 L1 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 
L 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 

♦ 1 ♦ l ♦ ♦ l 
L H H H H H 32-bits 
H L L L L L 33-bits 
H L L L L H 34-bits 

1 l l 1 1 1 1 
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 OC; input transition times 5 20 ns 

VDD V typical formula for P (µW) 
where
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

3 500fi + E(f0CL) x VDDZ
15 000f1 + E(foCL) x VDDZ
37 000 f1+ E(fOCL) x VDDZ
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HEF4557B 
LSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 0C; CL = 50 pF; input transition times 5 20 ns 

VOD 
V 

s mbol 
y

t 
yp

max. typical extrapolation 
formula 

Propagation delays 
CPO, CP1 — 0, 0 5 240 480 ns 213 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 90 180 ns 79 ns + (0,23 ns/pF) CL
15 65 130 ns 57 ns + (0,16 ns/pF) CL 

5 240 480 ns 213 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 90 180 ns 79 ns + (0,23 ns/pF) CL 

15 65 130 ns 57 ns + (0,16 ns/pF) CL 

MR — 0 5 170 340 ns 143 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 ---► 0 5 140 280 ns 113 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 70 140 ns 59 ns + (0,23 ns/pF) CL 

15 55 110 ns 47 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 

Interpolation table (see note next page) 

length control inputs minimum 
number of 
bits selected 

set-up, hold, 
recovery 
times L1 L2 L4 L8 L16 L32 

L L L L L L 

N
 

M
 

LU
 

O
) 

N
 

M
 

M
 

specified 

H L L L L L I 
I 

X H L L L L 
X X H L L L six equal steps 

X X X H L L 
I 

X X X X H L 

X X X X X H specified 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
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1-to-64 bit variable length shift register HEF4557B 
LSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns; see also waveforms Fig. 4 

VDD 
V 

symbol min. typ. 

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, DB, A/B--►CP0, 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 _ 
DA, DB, A/B --►CP0, 5 -40 -110 ns 
CP1 10 thold -10 -45 ns 
L1 to L32 = LOW 15 0 -30 ns 

5 90 30 ns see note 
L32= HIGH 10 thold 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). 

\S) 
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HEF4557B 
LS I 

CPO INPUT 

CP1 INPUT 

DA, DB INPUT 

A/BINPUT 

MR INPUT 

/50% 

t RMR 

!— t WCPL 

~ t WCPH 

50% 

...I_ t WMRH 7272874.1 

Fig. 4 Waveforms showing recovery time for MR and minimum CPO, CP1 and MR pulse widths, set-up 
and hold times for DA, DB and A/B to CP0 and CP1. Set-up and hold times are shown as positive 
values but may be specified as negative values. 
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HEF4585B 
MSI 

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 (A0 to A3 and 
B0 to B3); A3 and B3 being the most significant inputs. Three outputs are provided; A greater than B 

)°A> B), A less than B (OA <B) and A equal to B (OA = B). Three expander inputs ( 1A> B' !A < B 
and IA = B) 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 = A> B = HIGH, IA < B = LOW. For words greater than 4-bits, units can be 
cascaded by connecting outputs OA < B and OA = B to the corresponding inputs of the next significant 
comparator (input 1A > B is connected to a HIGH). 

Operation is not restricted to binary codes, the devices will work with any monotonic code. The 
function table describes the operation of the device under all possible logic conditions. 

10 A0 

11 B0 

7 A l

9 B1 °A> B 13 

2 A2 

1 B2 OA = B 3 

15 A3 

14 B3 OA<B 12 

4 1A>8 

5 IA<B 

6 1A=B 

7Z 72885.2 

Fig. 1 Functional diagram. 

FAMILY DATA 
l 

IDD LIMITS category MSI J 

VDD A3 B3 OA>B OA<B B0 A0 B1 

HEF4585B 

B2 A2 OA  =6 iA>B IA<5 IA=6 Al USS 

7272886 

Fig. 2 Pinning diagram. 

HEF4585BP(N): 16-lead DIL; plastic (SOT38-1) 
HEF4585BD(F): 16-lead DIL; ceramic (cerdip) (SOT74) 
HEF4585BT(D): 16-lead SO; plastic (SOT109-1) 
U: Package Designator North America 

PINNING 

A0 to A3 

B0 to B3 

word A parallel inputs 

word B parallel inputs 

A> B' IA <B' A  = B expander inputs 

°A> B A greater than B output 

OA < B A less than B output 

O q= B A equal to B output 

see Family Specifications 
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HEF4585B 
MSI 

B34> 

A34> 

824>

A2 V 

L
Do 

81-4>0 

p ~ 

A, -p po-IIDo-

BO

AO V 

'A<B-I>O 

~A=B 

~A>B-_f>O 

Fig. 3 Logic diagram. 

<B 

OA OA=B 

°A >8 

?Z74596.1 
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4-bit magnitude comparator 

FUNCTION TABLE 

HEF4585B 
MSI 

comparing inputs cascading inputs outputs 

A3,B3 A2-B2 Al-B1 A0, B0 IA>B lA<B IA=B OA>B OA<B OA=B 

A3>B3 X X X H X X H L 

J
 
J
 
J
 
J
 

J
 
J
 
J
 
J
 
I
i
i
 

I
 
J
 

A3<B3 X X X X X X L H 
A3 = B3 A2 > B2 X X H X X H L 
A3 = B3 A2 < B2 X X X X X L H 

A3= B3 A2= B2 Al > B1 X H X X H L 

A3 = B3 A2 = B2 Al < B1 X X X X L H 

A3= B3 A2= B2 A1= B1 A0 > B0 H X X H L 

A3= B3 A2= B2 A1= B1 A0 < B0 X X X L H 

A3= B3 A2= B2 Al = B1 A0= B0 X L H L L 
A3 = B3 A2 = B2 Al = B1 A0 = B0 H L L H L 
A3 = B3 A2 = B2 Al = B1 A0 = B0 X H L L H 

A3= B3 A2= B2 A1= B1 A0= B0 X H H L H 

A3= B3 A2= B2 A1= B1 A0= B0 L L L L L 

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

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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HEF4585B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

VDD V 
symbol min. typ. max. typical extrapolation 

formula 

Propagation delays 
An, Bn — ► On 5 160 320 ns 133 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 

5 150 300 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

In --~ On 5 110 220 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 

5 120 240 ns 93 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 

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 

VDD 
V 

typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1250 fi + E(foCL) x VDD2
5500 fi + E(fOCL) x VDD2

15000 fi + E(foCL) x VDD2

APPLICATION INFORMATION 

Some examples of applications for the HEF4585B are: 
• Process controllers. 

• Servo-motor control. 
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4-bit magnitude comparator 

H —♦ 

H —► 

L —* 

A 2 —♦ 

B2-

A3— 0 

A4 

A5 

A6 

A7 

A8 

Ag 

B3 —i 

HEF4585B 

IA>B 

IA=B 

IA<B 

A0 

B0 

Al 

B1 

A2 

B2 °A>B 

A3 °A=B 

B3 °A<B 

B4 

r HEF4585B 

— LIA>B 

 ► IA=B 

 ► IA<B 

 ► A0 

B5 

 ► B0 

► Al 

 ► B1

B6 

 ►A2 
I _ 

► B2 °A > B — `' 

H 

B7 

A3 °A=B 

B3 °A<B 

B8 

Bg 

A10 

B10 

A 1 1 

B11 

1 '- word B : B11- B10   B0 
word A : A11- A10   A0 

HEF4585B 

HEF4585B 
MSI 

IA>B 

IA=B 

IA<B 

A0 

B0 

Al 

B1 

A2 

B2 

A3 

B3 

°A> B 

~A=B 

°A<B 

--► A> B 

—►A=B 

—►A<B 

7279996.1 

Fig. 4 Example of cascading comparators. 
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HEF4720B 
HEF4720V 

\ LSI 

256-BIT, 1-BIT PER WORD RANDOM ACCESS MEMORIES 

The HEF472OB 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 HEF472OB 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 directly 
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) allows 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 0 is the complement of the signal at 0. The write control W must be HIGH for writing into 
the memory. 

5 

1 
2 
3 
6 

7 
9 

10 
11 

15 

12 

VDD 

X 
INPUT 

BUFFERS 

X 
DECODER 

16 x 16 
MATRIX 

Ai 

2 
43 

44
A 5 Y Y 

6 INPUT 
BUFFERS 

DECODER 
READ/ 
WRITE 

0 
7 

CIRCUIT 
OUTPUT 
BUFFER 

W 
INPUT CHIP 0 

D BUFFER SELECT 

CS W 0 0 D A7 A 6 4 5

HEF4720B 
HEF4720V 

A 2 n.c. VDD 43 44 Vss 
3 4 5 6 7 8 

7Z74260.2 

Fig. 2 Pinning diagram. 

Fig. 1 Functional diagram. 

0 
CS 
16 

Vss
I8 

13 

14 

7Z64889.3 

HEF4720BP; HEF4720VP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF4720BD; HEF4720VD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF4720BT; HEF4720VT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

FAMILY DATA: see Family Specifications. 

'DD LIMITS: see next page. 
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HEF4720B 
HEF4720V 

LS I 

FUNCTION TABLE 

CS W O p mode 

L 

L 

H 

H 

L 

X 

data written 
into memory 

data written 
into memory 

Z 

complement of data 
written into memory 

complement of data 
written into memory 

Z 

write 

read 

inhibit 

H = HIGH state (the more positive voltage) X = state is immaterial 
L = LOW state (the less positive voltage) Z = high impedance OFF-state 

PINNING 

CS chip select input (active LOW) 
W write enable input 
D data input 
A0 to A7 address inputs 
O 3-state output (active HIGH) 
p 3-state output (active LOW) 

SUPPLY VOLTAGE 

rating recommended 
operating 

stand-by 
min. 

HEF4720B -0,5 to 18 3,0 to 15,0 3 V 
HEF4720V —0,5 to 18 4,5 to 12,5 3 V 

The values given at VDD = 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=0V 

VDD 
v 

VOL 
v 

symbol —40 
min. max. 

Tamb (°C) 

+25 
min. max. 

+85 
min. max. 

Output current 4,75 0,4 2,4 2 1,6 mA 
LOW 10 0,5 IOL 4,8 4 3,2 mA 

15 1,5 10,0 10 7,5 mA 

Quiescent device 5 25 25 200 µA 
current 10 IDD 50 50 400 µA 

15 100 100 800 µA 

Input leakage current 
HEF4720V 10 0,3 0,3 1 µA 
HEF4720B 15 IIN 0,3 0,3 1 µA 
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256-bit, 1-bit per word random access memories 

J~ 

A.C. CHARACTERISTICS 

HEF4720B 
HEF4720V 

LSI 

VDD
V v symbol min. typ. max. 

Output capacitance 
5 

10 
15 

CG 
5 
5 
5 

pF 
pF 
pF 

A.C. CHARACTERISTICS 

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

VDD 
v symbol min. typ. max. 

typical extrapolation 
formula 

Read cycle 

5 320 580 ns 292 ns+ (0,55 ns/pF) CL 
Read access time 10 tACC 130 220 ns 118 ns+ (0,23 ns/pF) CL 

15 100 160 ns 92 ns+ (0,16 ns/pF) CL 

Chip select to 5 180 ns 
output time 10 tCO 70 ns 

15 50 ns 

5 0 ns 

Address hold time 10 tOA 0 ns 
15 0 ns 

Output hold time 5 60 170 ns 142 ns+ (0,55 ns/pF) CL 
with respect to 10 tVAL1 20 50 ns 38 ns+ (0,23 ns/pF) CL 
address input 15 15 40 ns 32 ns+ (0,16 ns/pF) CL 

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

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

5 40 80 ns 14 ns + (0,52 ns/pF) CL 
HIGH to LOW 10 tTHL 22 40 ns 11 ns+ (0,22 ns/pF) CL 

15 15 30 ns 7 ns+ (0,16 ns/pF) CL 
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HEF4720B 
HEF4720V 

LSI 

A.C. CHARACTERISTICS 

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

VDDV symbol min. typ. max. 

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 10 000 ns 
Write pulse width 10 twp 130 10000 ns 

15 80 10 000 ns 

5 100 ns 
Write recovery time 10 tWR 40 ns 

15 30 ns 

5 250 ns 
Data set-up time 10 tDW 100 ns 

15 80 ns 

5 100 ns 
Data hold time 10 tDH 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 select 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 
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256-bit, 1-bit per word random access memories 

 J  

AO to A 7
INPUTS 

CS INPUT 

W INPUT 

HEF4720B 
HEF4720V 

LSI 

X 0%

O,O OUTPUTS 

tRC 

50% 

 tCO - ~ttOpi 

4-tCOF 

tACC 

- tCOH~ 

50% output valid 

Fig. 3 Read cycle timing diagram. 

7Z64891.1. 
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HEF4720B 
HEF4720V 

LSI 

A 0 to A 7

INPUTS 

CS INPUT 

W INPUT 

D INPUT 

I 

t— tAw —~ 

twc 

50% 

.4— tCSW _ 4 tCSHi 

.—  twP — tWR~ 

data stable 

ftpw—r-~tpH—>

information is written into cell 

Fig. 4 Write cycle timing diagram. 

~tCSLi

information is not 
written into cell 

7Z64eg0.3 
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256-bit, 1-bit per word random access memories 

Q H 

Y 0 
oz 
Q — 

U 
3 
0 

I 
O C-, 

O 

7  I 

3 

x 

U-
3 

Y 

O 
O 

da
ta

 s
ta

bl
e 

H I-

d d 
Z Z 

U-, 
3

3 
O 

r 

HEF4720B 
HEF4720V 

LSI 

U 
Q 

Y 

F
ig

. 5
 

R
ea

d-
m

o
d
ify

-w
rit

e 
cy

cl
e 

tim
in

g
 d

ia
gr

am
. 

1('anuaryi 655 



HEF4720B 
HEF4720V 

LSI 

APPLICATION INFORMATION 

Extension of memory capacity 

The memory capacity of the HEF4720B; V is 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 ICs. 

Extending the word length 

By connecting a number of HEF4720B; V ICs 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 HEF4720B; V ICs 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 (4x HEF4720B; V in 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. 
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256-bit, 1-bit per word random access memory 

J  

7za44o6 

Fig. 6 Using extra HEF4720B; V 
ICs to extend the word length. 
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256-bit, 1-bit per word random access memory 
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Fig. 8 Using extra HEF4720B; V ICs to obtain more words and greater word length. 
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HEF4720B 
HEF4720V 

LSI 
 J \ 

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 thestand-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 10µs. 

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. 
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256-bit, 1-bit per word random access memory 

OTHER 
CIRCUITS 

ADDRESS 
LATCH 

MEMORY 
RETENTION 

LOGIC 

HEF4011B 
(1) 

(1) 

HEF4720B 
HEF4720V 
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(2) 

A0 Al A 2 P 

MEMORY 
(1) USING 

CS 
HEF4720B 
HEF4720V 

ICs 
7zs44o4 

to other 
load 
circuits 

(1) These devices have a battery supply. 
(2) Alternative connection. 

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 HE F4011 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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HEF4720B 
HEF4720V 

LSI 

5 V TTL supply 1 Q 
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(1) Leads should be so arranged to prevent cross-talk; thyristor connections must be short. 
(2) Slope> 500 mV/µs in 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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256-bit, 1-bit per word random access memory 
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HEF4724B 
MSI 

8-BIT ADDRESSABLE LATCH 

The HEF4724B is an 8-bit addressable latch with three address inputs (A0 to A2), a data input (D), an 
active LOW enable input (E), an active HIGH clear input (CL), and eight parallel latch outputs (Op to O7). 

When E and CL are HIGH, all outputs (O0 to O7) are LOW. Eight-channel demultiplexing or active 
HIGH 1-of-8 decoding with output enable operation occurs when CL is HIGH and E is LOW. When CL 
and E are LOW, the selected output (O0 to O7; determined by A0 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 A0 to A2 could impose a transient wrong address. Therefore, this should 
only be done while in the memory mode (E = HIGH, CL = LOW). 

1 

2 

3 

14 
15 
13 

O0
A0

O1

Al 1-of -8 O2

DECODER O3
A2 8 

LATCHES 
O4

O5

E 1 
O6

CL O7
D 

7Z73721.2 

Fig. 1 Functional diagram. 

PINNING 

A0 to A2 address inputs 

D data input 

E enable input (active LOW) 

CL clear input (active HIGH) 

O0 to O7 parallel latch outputs 

FAMILY DATA 

4 

5 

6 

7 

9 

10 

11 

12 

7Z73720 

Fig. 2 Pinning diagram. 

HEF4724BP(N): 16-lead DIL; plastic 
(S O138-1) 

HEF4724BD(F): 16-lead OIL; ceramic (cerdip) 
(SOT74) 

HEF4724BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

see Family Specifications 

'DD LIMITS category MSI 
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8-bit addressable latch 

MODE SELECTION 

E CL mode 

L 
H 
L 
H 

L 
L 
H 
H 

addressable latch 
memory 
active HIGH 8-channel demultiplexer 
clear 

FUNCTION TABLE 

HEF4724B 
MSI 

CL E D A0 Al A2 O0 O1 O2 O3 Oq O5 O6 O7 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 

D1 
D1 
D1 
D1 
D1 
D1 
D1 
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 
L 

D1 
L 

L 
L 
L 
L 
L 
L 
L 

D1 

demultiplexer; 
unaddressed 
latch is 
cleared 

L H X X X X On-1 On-1 On-1 On-1 On-1 On-1 On-1 On-1 memory 

L 
L 
L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 
L 
L 

D1 
D1 
D1 
D1 
D1 
D1 
D1 
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 
On-1 
On-1 
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 

On-1 
On-1 
D1 

On-1 
On-1 
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 
On-1 
On-1 
D1 
On-1 
On-1 
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 
On-1 
On-1 
D1 
On-1 

On-1 
On-1 
On-1 
On-1 
On-1 
On-1 
On-1 
D1 

addressable 
latch; 
unaddressed 
latch holds 
previous 
state 

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.C. CHARACTERISTICS 

V8S = 0 V; Tamb = 25 °C; input transition times 20 ns 

VDD V typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(fOCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

700 fi + E(foCL) x VDDz
3700 fi + E(fOCL) x VDDz

10800 fi + E(foCL) x VDDz

I 
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HEF4724B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25°C; CL = 50 pF; input transition times 5 20 ns 

VDDv symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
E — ► On 5 115 230 ns 88 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 50 95 ns 39 ns+ (0,23 ns/pF) CL 
15 35 70 ns 27 ns+ (0,16 ns/pF) CL 

5 95 195 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 55 ns 22 ns+ (0,16 ns/pF) CL 

D —► On 5 95 190 ns 68 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 35 75 ns 24 ns+ (0,23 ns/pF) CL 
15 25 55 ns 17 ns + (0,16 ns/pF) CL 

5 85 170 ns 58 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 35 75 ns 24 ns+ (0,23 ns/pF) CL 

15 25 55 ns 17 ns+ (0,16 ns/pF) CL 

An--►On 5 110 225 ns 83 ns + (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 45 95 ns 34 ns+ (0,23 ns/pF) CL 

15 35 70 ns 27 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 55 ns 22 ns+ (0,16 ns/pF) CL 

CL~O n 5 85 165 ns 58 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 

Set-up times 5 40 20 ns 
D —► E 10 tsu 15 5 ns 

15 10 0 ns 

5 40 20 ns 
An— ►E 10 tsu 20 10 ns 

15 15 5 ns 

Hold times 5 20 0 ns 
D —► E 10 thold 15 5 ns 

15 15 5 ns see also waveforms 

5 50 25 ns Fig.5 

An~E 10 thold 20 10 ns 
15 15 5 ns 

Minimum E 5 75 35 ns 
pulse width; LOW 10 twEL 30 15 ns 

15 20 10 ns 

Minimum CL 5 70 35 ns 
pulse width; HIGH 10 tCLH 30 15 ns 

15 20 10 ns 
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8-bit addressable latch 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

HEF47246 
MSI 

VDD 
V 

symbol min. typ. max. typical extrapolation 
formula 

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 

E INPUT 

D INPUT 

An INPUT 

CL INPUT 

7Z72859.2 

50% 

. _ tWCLH — 

(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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HEF4731B 
HEF4731V 

LSI 

QUADRUPLE 64-BIT STATIC SHIFT REGISTER 

The HEF4731B and HEF4731V are quadruple 64-bit static shift registers each with separate serial data 
inputs (DA to DD), clock inputs (CPA to CPD) and data outputs (O63A to O63D) 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

10 CPA

12 DB

 O 

64-BIT 

STATIC SHIFT 
REGISTER 

O63A 

13 CPB

6 DC

 O 

64-BIT 
STATIC SHI FT 

REGISTER 

O636 

5 

4 

CPC
 O 

DD

64-BIT 
STATIC SHIFT 

REGISTER 

O 63C 

3 CPD
 O 

64-BIT 
STATIC SHIFT 

REGISTER 

O63D 

Fig. 1 Functional diagram. 

FAMILY DATA 

'DID LIMITS category LSI 

7Z74633.1 

11 

8 

1 

14 13 12 11 10 I' I 1 ° I 

2 

VDD CPB 

--~ 

DB O63A CPA 

HEF4731B 

DA O636 

HEF4731V 

O63C O63D CPD DD CPC DC VSS 

H W L3J W L5 I l 6 J W 
Fig. 2 Pinning diagram. 7Z74631 

HEF4731BP; HEF4731VP(N): 14-lead DIL; plastic (SOT27-1) 
HEF4731BD; HEF4731VD(F): 14-lead DIL; ceramic (cerdip) (SOT73) 
U: Package Designator North America 

see Family Specifications 
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HEF4731B 
HEF4731V 

LSI 

Fig. 3 Logic diagram (one of 64-bits shift register). 

The values given at VDD = 15 V in the following d.c. and a.c. characteristics, are not applicable to the 
HEF4731V, because of its reduced supply voltage range. 

D.C. CHARACTERISTICS 

VSS = 0 V; Vi = VSS or VDD 

VDD 
V 

VOL 
V 

VOH 
V 

symbol 
Tamb (° C) 

—40 +25 
min. max. mm. max. 

+85 
min. max. 

Output (source) 5 2,5 3 2,5 2,0 mA 

current 5 4,6 
-I OH 

1 0,85 0,65 mA 

HIGH 10 9,5 3 2,5 2,0 mA 
15 13,5 10 8,5 6,5 mA 

Output (sink) 4,75 0,4 2,3 2,0 1,6 mA 
current 10 0,5 IOL 6,0 5,0 4,0 mA 
LOW 15 1,5 20,0 18,0 14,0 mA 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times 20 ns 

VDD 
V 

typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL= load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

13 000 fi + E(foCL) x VDD2
55 000 fi + E(foCL) x VDD2

140 000 fi + E(foCL) x VDD2
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Quadruple 64-bit static shift register 

HEF4731B 
HEF4731V 

LS I 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 5 20 ns 

VDDV symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
CP O63 5 115 230 ns 132 ns+ (0,26 ns/pF) CL 

HIGH to LOW 10 tpHL 55 110 ns 47 ns+ (0,16 ns/pF) CL 
15 40 80 ns 34 ns+ (0,11 ns/pF) CL 

5 130 260 ns 138 ns+ (0,45 ns/pF) CL 
LOW to HIGH 10 tPLH 65 130 ns 56 ns+ (0,19 ns/pF) CL 

15 45 90 ns 39 ns + (0,13 ns/pF) CL 

Transition times O63 5 30 60 ns 10 ns+ (0,40 ns/pF) CL 
HIGH to LOW 10 tTHL 12 24 ns 3 ns+ (0,18 ns/pF) CL 

15 10 20 ns 3 ns+ (0,13 ns/pF) CL 

5 40 80 ns 8 ns+ (0,65 ns/pF) CL 
LOW to HIGH 10 tTLH 20 40 ns 5 ns+ (0,30 ns/pF) CL 

15 15 30 ns 5 ns+ (0,20 ns/pF) CL 

Minimum clock 5 200 80 ns 
pulse width; HIGH 10 tWCPH 75 30 ns 

15 50 20 ns 

Set-up time 5 25 -5 ns 
D CP 10 tsu 15 -5 ns see also waveforms 

15 15 -5 ns Fig.4 

Hold time 5 50 20 ns 
D — ► CP 10 thold 30 10 ns 

15 20 5 ns 

Maximum clock 5 2.25 6 MHz Note: the maximum 

pulse frequency 10 fmax 6 16 MHz power dissipation has 

15 9 25 MHz to be observed 

CP~ INPUT 

D~ INPUT 

\50% 

—tWCPH —

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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HEF4737B 
HEF4737V 

LSI 

QUADRUPLE STATIC DECADE COUNTERS 

The HEF4737B and HEF4737V are static quadruple decade counters for frequencies from 0 to 10 MHz. 
The counters are supplied with an extra overload flip-flop giving a total count capability of 19999. 
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, SB, SC) (which perform selection of the 
contents of the latches to the 3-state BCD outputs (O0 to O3)),and the carry outputs (CO2 to CO5) 
(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 
19999 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 HEF4737B is 3 to 15 V and for HEF4737V is 4,5 to 12,5 V. 

18 17 16 15 14 13 12 11 10 

O3 SB 

D 

Sc SA CP MR 

HEF4737B 
HEF4737V 

PL EO VDD 

VSS O1 O2 O0 CO2 CO3 CO4 CO5 T 

WWWWWLs1WL8JLgJ 
7Z69203,2 

Fig. 1 Pinning diagram. 

SUPPLY VOLTAGE 

rating recommended 
operating 

HEF4737B 
HEF4737V 

—0,5 to 18 
—0,5 to 18 

FAMILY DATA 

IDD LIMITS category LSI 

3,0 to 15,0 V 
4,5 to 12,5 V 

see Family Specifications 

PINNING 

CP count input 
MR asynchronous reset input 
PL asynchronous preset input 
T transfer input 
SA, SB, Sc digit select inputs 
EO output enable input 
O0 to O3 BCD outputs 
OO2 to OO5 carry outputs 

HEF4737BP; HEF4737VP(N); 18-lead Dl 
plastic (SOT102-1) 

HEF4737BD; HEF4737VD(Fl; 18-lead DIL 
ceramic (SOT133B 

( 1: Package Designator North America 

1 
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HEF4737B 
HEF4737V 

LSI 

Fig. 2 Block diagram. 

MULTIPLEXER 

FUNCTIONAL DESCRIPTION 

Input signals 

Count input (CP) 

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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Output enable input (EO) 

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, Sg, Sc) 

SA SB SC 

L 
H 
L 
H 
X 

L 
L 
H 
H 
X 

L 
L 
L 
L 
H 

selects D1 (LSD) 
selects D2 
selects D3 
selects D4 
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. 

When D5 is selected, the contents of D5 is available 
at O0 and O1, O2 and O3 are LOW. 

LSD = least significant divider 
MSD = most siginificant divider 

Carry output C02 

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, 00 199, 
00 299 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 00999, 01 999, 
02 999 etc. 

Carry output CO4 

When the contents of the first four decades of the counter 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 19999. 

The carry signals C02, C03 and C04 are suppressed while the preset is active. A HIGH to the preset 
input sets the counter to 19999 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 (Op to 03) 

The digit outputs give the contents of the selected latch. The output is in the form of BCD, positive 
logic. 
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The values given at VDD = 15 V in the following d.c. and a.c. characteristics, are not applicable to the 
HEF4737V, because of its reduced supply voltage range. 

D.C. CHARACTERISTICS VSS = 0 V 

VDD VOH VOL symbol 
Tamb (° C) 

—40 +25 +85 
min. max. min. max. min. max. 

Input leakage 
current at 10 II - - - 0,3 - 1 µA 
VI=0orVDD 15 — — — 0,3 - 1 µA 

Output (sink) 4,75 0,4 1,6 — 1,6 — 1,4 — mA 
current LOW 10 0,5 1OL 2,5 - 2,3 - 1,7 - mA 

15 1,5 7,0 - 6,0 - 4,0 — mA 

Output (source) 5 4,6 0,96 - 0,80 - 0,65 — mA 
current HIGH 10 9,5 -IOH 2,4 - 2,0 - 1,6 - mA 

15 13,5 7,0 - 6,0 — 4,5 — mA 

Output (source) 
current HIGH 5 2,5 —1OH 3,0 - 2,5 - 2,0 — mA 

3-state output 
leakage current 10 - 1,6 - 1,6 - 12 µA 
VO = 0 or VDD 15 IOZ - 1,6 - 1,6 - 12 µA 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; CL = 15 pF; input transition times 20 ns 

VDD 
V 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
CP --► On 5 320 640 ns 308 ns + (0,24 ns/pF) CL 
(D1 selected) 10 tpHL 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 tpLH 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 
(D5 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 tpLH 330 660 ns 320 ns+ (0,20 ns/pF) CL 

15 250 500 ns 242 ns+ (0,15 ns/pF) CL 

CP --► CO2 5 220 440 ns 208 ns+ (0,24 ns/pF) CL 
HIGH to LOW 10 tpHL 110 220 ns 105 ns+ (0,10 ns/pF) CL 

15 85 170 ns 81 ns + (0,07 ns/pF) CL 

5 220 440 ns 196 ns + (0,48 ns/pF) CL 
LOW to HIGH 10 tpLH 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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A.C. CHARACTERISTICS (continued) 

VSS = 0 V; Tamb = 25 °C; CL = 15 pF; input transition times S 20 ns 

VDD 
V 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
CP --► CO5 5 350 700 ns 338 ns + (0,24 ns/pF) CL 

HIGH to LOW 10 tPHL 160 320 ns 155 ns+ (0,10 ns/pF) CL 
15 120 240 ns 116 ns+ (0,07 ns/pF) CL 

5 350 700 ns 326 ns+ (0,48 ns/pF) CL 

LOW to HIGH 10 tPLH 160 320 ns 150 ns + (0,20 ns/pF) CL 

15 120 240 ns 112 ns+ (0,15 ns/pF) CL 

Sn —► On 5 200 400 ns 188 ns+(0,24 ns/pF) CL 

HIGH to LOW 10 tPHL 80 160 ns 75 ns + (0,10 ns/pF) CL 

15 55 110 ns 51 ns+ (0,07 ns/pF) CL 

5 200 400 ns 176 ns + (0,48 ns/pF) CL 

LOW to HIGH 10 tpLH 80 160 ns 70 ns+ (0,20 ns/pF) CL 
15 55 110 ns 47 ns+ (0,15 ns/pF) CL 

T —► On 5 220 440 ns 208 ns+ (0,24 ns/pF) CL 

HIGH to LOW 10 tPHL 90 180 ns 85 ns+ (0,10 ns/pF) CL 
15 60 120 ns 56 ns + (0,07 ns/pF) CL 

5 220 440 ns 196 ns + (0,48 ns/pF) CL 

LOW to HIGH 10 tPLH 90 180 ns 80 ns + (0,20 ns/pF) CL 

15 60 120 ns 52 ns+ (0,15 ns/pF) CL 

MR ► On 5 490 980 ns 478 ns + (0,24 ns/pF) CL 

HIGH to LOW 10 tPHL 200 400 ns 195 ns+ (0,10 ns/pF) CL 
15 60 120 ns 56 ns+ (0,07 ns/pF) CL 

PL On 5 260 520 ns 236 ns+ (0,48 ns/pF) CL 
LOW to HIGH 10 tpLH 110 220 ns 100 ns + (0,20 ns/pF) CL 

15 85 170 ns 77 ns+ (0,15 ns/pF) CL 

MR COn 5 350 700 ns 326 ns+ (0,48 ns/pF) CL 

LOW to HIGH 10 tPLH 160 320 ns 150 ns+ (0,20 ns/pF) CL 
15 120 240 ns 112 ns+ (0,15 ns/pF) CL 

PL —► CO n 5 350 700 ns 338 ns+ (0,24 ns/pF) CL 
HIGH to LOW 10 tPHL 160 320 ns 155 ns+ (0,10 ns/pF) CL 

15 120 240 ns 116 ns+ (0,07 ns/pF) CL 

Output transition 5 35 70 ns 15 ns + (0,40 ns/pF) CL 
times; any output 10 tTHL 18 36 ns 9 ns+ (0,18 ns/pF) CL 

HIGH to LOW 15 15 30 ns 8 ns+ (0,13 ns/pF) CL 

5 50 100 ns 15 ns+ (0,70 ns/pF) CL 
LOW to HIGH 10 tTLH 30 60 ns 13 ns+ (0,33 ns/pF) CL 

15 25 50 ns 13 ns + (0,23 ns/pF) CL 
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VDD 
V symbol min. typ. max. 

3-state propagation 
delays 

Output disable times 
EO - ► On 5 60 120 ns 

HIGH 10 tpHZ 35 70 ns 
15 25 50 ns 

5 60 120 ns 
LOW 10 tpLZ 35 70 ns 

15 25 50 ns 

Output enable times 
EO — . On 5 90 180 ns 

HIGH 10 tpZH 40 80 ns 
15 30 60 ns 

5 90 180 ns 
LOW 10 tPZL 40 80 ns 

15 30 60 ns 

Minimum CP pulse 5 160 80 ns 
width; LOW 10 tWCpL 60 30 ns 

15 50 25 ns 

Minimum MR pulse 5 100 50 ns 
width; HIGH 10 tWMRH 50 25 ns 

15 40 20 ns 

Minimum PL pulse 5 120 60 ns 
width; HIGH 10 tWPLH 60 30 ns 

15 50 25 ns 

Minimum T pulse 5 100 50 ns 
width; HIGH 10 twTH 40 20 ns 

15 36 18 ns 

Maximum clock 5 3 6 MHz 
pulse frequency 10 fmax 8 16 MHz 

15 10 20 MHz 

VDD 
V typical formula for P (µW) 

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load cap. (pF) 
E(fOCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

950 fi + E(foCL) x VDDZ
4200 fi + E(foCL) x VDDZ

11 200 fi + E(fOCL) x VDDZ 
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IEC/IEEE BUS INTERFACE 

The HEF4738V is an implementation of the IEC-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 IEC/IEEE interface bus. 
All inputs have standard HE4000B family levels. 
In the circuit the following standard interface functions are incorporated: 
• Complete source handshake (subset SH1) 
• Complete acceptor handshake (subset AH1) 
• Basic talker with serial poll and talk-only mode (when It = LOW, subset Ti; It = HIGH, subset T5) 
• Basic listener with listen-only mode (when It = LOW, subset L1; It = HIGH, subset L3) 
• Complete service request (subset SR1) 
• Complete remote local (subset R L1) 
• Remote parallel poll configuration (subset PP1) 
• Complete device clear (subset DC1) 
• Complete device trigger (subset DT1) 
• Some controller facilities 

DEVICE 

DEVICE 
LISTENER H.S. 

s 
DEVICE 

COMMANDS 

DEVICE TALKER 
H.S. 

C 

HEF4738V 

DATA BUS 

MANAGEMENT BUS x 

C THREE-LINE 
HANDSHAKE 

Fig. 1 Basic IEC/IEEE bus interface using the HEF4738V. 

SUPPLY VOLTAGE FAMILY DATA 

rating recommended 
operating IDD LIMITS category LSI 

IN
V

E
R

T
IN

G
 

I EC/ 
IEEE 
BUS 

T
R

A
N

S
C

E
IV

E
R

S
 

7Z7552: 

see Family Specifications 

—0,5 to 18 4,5 to 12,5 V 
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GENERAL DESCRIPTION 

The inputs IRFD, IDAC, IDAV, IIFC, IREN, IATN, TIDY and IDIOT to IDIO7 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 DIO1 to D1O7. 
The outputs ORFD, ODAC, ODAV and OSRQ can drive one standard TTL load and are suitable for 
driving NRFD, NDAC, DAV and SRQ 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 Irdy. 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 inba (not new byte available) and output Odcd (don't change data) are intended for a two-wire 
handshake procedure with the source function 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 Odcd and Inba. 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 isr and output Ored should be connected to an external parallel-in/serial-out (when Ored is 
HIGH 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 Isr into an internal shift register. The eleven 
serial input signals are in the order of shifting: A5, A4, A3, A2, A1, ton, Ion, It, rsv, rtl and ist. 
Signals A5, A4, A3, A2 and Al 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 IEC/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 DTAS (device 
trigger active state) respectively is active. 
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The output Oloc is HIGH when LOCS (local state) or LW LS (local with lock-out state) is active. 
Output OSRQ is HIGH when the rsv signal is read from the external shift register and the SRQS 
(request service state) is active. After this request has been answered by a serial poll, ORQS is HIGH in 
the APRS (affirmative poll response state). The inverted signal on ORQS must be multiplexed to bus-
line D1O7, together with the status byte of the other DIO 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 ORQS). 
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 Inba. 

Input Icats and output Otct are intended for use of this IC in a controller. When (cats is HIGH, the 
source handshake function will exit SIDS and SIWS and enter respectively SGNS and SWNS. When the 
controller function is not used, the input Icats must be connected to V5S. Output Otct is HIGH if the 
tct message is sent over the interface and the ACDS state is active. A HIGH on input Ipon 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 Ipon 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, Ipon must be set LOW. 
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1D1O5!(1 

ID1O6f 2 

IDIOT 

IIDYI 4 
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IIFC 11 
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IDAV  

I rdy 

3 

8 

9 

10 

12 

13 

14 

ORFD (15

ODAC 16 

Odvd L17 

IATN 

OSRQ 

18 

19 

VSS 20 

U 

HEF4738V 

40 VDD 

39  IDIO4 

38 

37 

36 

35 

ID1O3 

1O1O2 

ID1O1 

Otrg 

34  Otct 

  Ocl r 

Oloc 

33 

32 

31  CP 

30  Ota 

29 

28 

27 

26 

Osp 

IREN 

Icats 

IDAC 

25 I II rooa 

24 

23 

22 

21 

IRFD 

ODAV 

Odcd 

ORQS 

  7Z 75519 

Fig. 2 Pinning diagram; for abbreviations 
see the following list. 
HEF4738VP(N): 40-lead DIL; 

plastic (SOT129-1) 
( ): Package Designator North America 

Input pins 

1,2,3,36, 
37,38,39 
4= I IDY 

*9 = Isr 
11 = IIFC 
12 = Ipon 
13 = IDAV 
14 = Irdy 
18 = IATN 
24= IRFD 
25 = I nba 
26 = I DAC 
27 = Icats 
28 = IREN 
31 = CP 

= IDIO1 to 7: input DIO 

input IDY not 
input shift register 
input I FC not 
input pon 
input DAV not 
input rdy not 
input ATN not 
input RFD 
input nba not 
input DAC 
input cats 
input REN not 
clock pulse input 

Output pins 

5 = OPP 
8,7,6, = OP1 to OP3 
10 = Ored 
15 = ORFD 
16 = ODAC 
17 = Odvd 
19 = OSRQ 
21 = ORQS 
22 = Odcd 
23 = ODAV 
29 = Osp 
30 = Ota 
32 = Oloc 
33 = Oclr 
34 = Otct 
35 = Otrg 

output PP 
output P1 to P3 
output red 
output R F D 
output DAC 
output dvd 
output SRQ not 
output RQS not 
output dcd 
output DAV not 
output sp 
output to 
outputloc 
output clr 
output tct 
output trg 

Supply pins 

20 = VSS: more negative supply line 
40 = VDD: more positive supply line 

* Isr is serial input for signals A5, A4, A3, A2, Al, ton, 
Ion, It, rsv, rtl and ist. 

Note 
Because the circuit uses positive logic and the bus uses 
negative logic, all inputs and outputs to the bus must 
be inverted. For that reason, all terminals that are 
working with the bus have mnemonics which are the 
inverted ones of those on the bus. 
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LIST OF USED ABBREVIATIONS 

Al to A5 address 
ACDS acceptor data state 
APRS affirmative poll response state 
ATN 
AVD 
cats 
clr 
CVD 
DAC 
DAV 
DCAS 
dcd 
DCL 
DIO 
DTAS 
dvd 
EO1 
GTL 
IDY 
IFC 
1st 
LLO 
loc 
LOCS 
Ion 
It 

LW LS 
M LA 
MTA 
nba 
NRFD 
NDAC 
OTA 
P1 to P3 
PCA 
pon 
PP 
PPC 
PPD 
PPE 
PPU 
rd y 
red 
REN 
RFD 
RQS 
rsv 
rt I 
SDC 

attention 
address valid 
controller active or transfer state 
device clear 
command valid 
data accepted 
data valid 
device clear active state 
don't change data 
device clear 
data input output 
device trigger active state 
data valid device 
end of output/identify 
go to local 
identify 
interface clear 
individual status 
local lock-out 
local 
local state 
listen only 
decides whether the device can only be 
listener/talker or listener and talker 
simultaneously 
local with lock-out state 
my listen address 
my talk address 
new byte available 
not ready for data 
not data accepted 
other talk address 
parallel response messages 
parallel poll configure accepted 
power on 
parallel poll message enable 
parallel poll configure 
parallel poll disable 
parallel poll enable 
parallel poll unconfigure 
ready for next message 
ready for next shift cycle 
remote enable 
ready for data 
requested service 
request for service 
return to local 
selected device clear 

SGNS 
SIDS 
SIWS 
sp 
SPAS 
SPD 
SPE 
sr 
SRQ 
SRQS 
SWNS 
to 
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=0V 

 J \ 
HEF4738V 

LSI 

VDD VOL VOH symbol —40 
min. max. 

Tamb (° C) 
+25 

min. max. 
+85 

min. max. 

Output current 5 2,5 3 2,5 2,0 mA 
HIGH; see note 5 4,6 —IOH 1 0,85 0,65 mA 

10 9,5 3 2,5 2,0 mA 

Output current 4,75 0,4 
IO 

2,7 2,3 1,8 mA 
LOW; see note 10 0,5 L 9,5 8,0 6,3 mA 

Quiscent device 5 
IDD

50 50 375 µA 
current 10 100 100 750 µA 

Note 

Output currents for pins: 5 = OPP, 6 = OP3, 7 = OP2, 8 = OP1, 15 = ORFD, 16 = ODAC, 19 = OSRQ, 
23 = ODAV. These pins can drive one standard TTL load. 

DATA 

Odcd 

Inba 
7Z82275 

Fig. 4 Waveforms showing data exchange in talker function. 

7182278 

Fig. 5 Waveforms showing data exchange in listener function. 
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APPLICATION INFORMATION 

ODD 

O FJ6ekn 

BAW6] ~ 1/405540938 

3.3 IF T 

VSS

V0D 

O 
BAW82 

D• 

68k❑ 

1/4 HEF4OTOB 

c 1/4 /4 SF 40938 

~T 

220 RF 

ass —HI 

000 VSS 
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FREQUENCY SYNTHESIZER 

The HEF4750V frequency 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 high 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'/2 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 HE F4751 V 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 recommended 
operating 

—0,5 to + 15 9,5 to 10,5 V 
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V 1 

STB 1 2

TCB 

OL 

TCA I 

TRA 

TCC 

PC1 
r g

3 

4 

6 

7 

PC 2 9 

AO 10 

Al 11 

A 2 12 

A3 13 

VSS 14 

U 

HEF4750V 

7Z84472 

PINNING 

R 
28 VDD V 

STB 
27 MOD TCA 

TCB 

26 OUT TCC 

R 

T R A 
PC1 
PC2 
MOD 

25 

24 NS1 DL 
OSC 

23 NS0 XTAL 
A0 to A9 

22 OSC 
NS0, NS1 

21 XTAL OUT 

A920 

A8 19 

A 718 

A617 

A5 16 

A4 15 

Fig. 1 Pinning diagram. 

HEF4750VD(F): 28-lead DIL; ceramic (cerdip) 
(SOT135) 

U: Package Designator North America 

phase comparator input, reference 
phase comparator input 
strobe input 
timing capacitor CA pin 
timing capacitor CB 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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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) 

FOR 

determined by the 
phase modulator 

hold 
—► 

analogue ON 
sampling 
switch 'S' ON 

TCC 
(analogue) 

reset ramp 

I 
i 

~~ — VDD 

OFF 

OFF 

voltage 
transferred to TCC 

hold 

r 

ON 

ON 

Fig. 3 Waveforms associated with PC1. 

VSS 

VDD 

7zs4474 VSS 
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(negative going) 

(negative going) 

Frequency synthesizer 

The resultant phase characteristic is shown in Fig. 4. 

PC1
output 
voltage 

7zs4476 

4 

2 it 

0' 1 
i P 

t 4 

Fig. 4 Phase characteristic of PC1. 

HEF4750V 
LSI 

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) 

active V- edge active V - edge 
(negative going) 7294477 

Fig. 5 State diagram of PC2. 

Output PC2 produces positive or negative-going pulses with variable width; they depend on the phase 
relationship of R and 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) 

PC 2

average 
output 
voltage 

7Z84478 

Fig. 6 Phase characteristic of PC2. 

Strobe function 

The strobe function is intended for applications requiring extremely fast lock times. In normal 
operation the additional strobe input (STB) 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 PC1. 
2. When R leads V'. 
3. When an R-pulse is missing. 
4. When a V-pulse is missing. 
5. When two successive STB-commands occur, the first without corresponding V-signal. 

Phase modulator 

The phase modulator only uses one external capacitor, CB at pin TCB. A negative-going transition at 
the V-input causes CB 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, CB 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 VDD. 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 TCB ramp duration, there is a requirement for the minimum 
value of this ramp duration. 
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Reference oscillator 

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: 

S Binary divider • Prescaler 

N (A0 to A9) division ratio 

0 1024 
0 N 5 1023 N 

programming word 
(NS0, NS1) 

division ratio 

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 VDD, 
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 VDD, as shown in Fig. 7. The value of CD has to be chosen such that the IRA input is 
'clean', e.g. 10 nF at RA = 68 kSZ. 

'C D

TRA 

DD 

HEF4750V 

VSS 
7z8447s 

Fig. 7 Decoupling of input TRA. 
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RATINGS 

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

Supply voltage VDD —0,5 to + 15 V 

Voltage on any input V1 —0,5 to VDD + 0,5 V 

D.C. current into any input or output ± I max. 10 mA 

Power dissipation per package 
for Tamb = 0 to + 85 °C 

Power dissipation per output 
for Tamb = 0 to 85 °C 

Storage temperature 

Operating ambient temperature 

Ptot 

P 

Tstg 

Tamb 

max. 500 mW 

max. 100 mW 

—65 to + 150°C 

-40 to +85 °C 

D.C. CHARACTERISTICS at VDD = 10 V ± 5%; voltages are referenced to VSS = 0 V, unless 
otherwise specified; for definitions see note 1. 

parameter symbol 

Tamb (° C 

unit notes —40 
min. typ. max. 

+ 25 
min. typ. max. 

+ 85 
min. typ. max. 

Quiescent device 
current 1DD — — 100 - - 100 - - 750 µA 2 

Input current; logic 
inputs, MOD ± IIN — — 300 - - 300 - - 1000 nA 3 

Output leakage current 
at1/2VDD 3,4 

TCA, hold-state ± IZ — — 20 - 0,05 20 - - 60 nA 

TCC, analogue 
switch OFF ± IZ — — 20 - 0,05 20 - - 60 nA 

PC2, high impedance 
OFF-state ± IZ — — 50 - - 50 - - 500 nA 

Logic input voltage 
LOW V I L 0,3 V V max. D D 

HIGH VIH 0,7 VDD V min. 

Logic output voltage 
LOW; at IlO I <1 µA VOL - - 50 - - 50 - - 50 mV 3 
HIGH VOH min. VDD-50 mV mV 3 

Logic output current 
LOW; at VOL = 0,5 V 

outputs OL, PC2, 
OUT IOL 5,5 — — 4,6 — — 3,6 — — mA 

3 

output XTAL IOL 2,8 — — 2,4 — — 1,9 — — mA 
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parameter symbol 

Tamb (° C) 

unit notes —40 
min. typ. max. 

+ 25 
min. typ. max. 

+ 85 
min. typ. max. 

Logic output current 
HIGH; 
at VOH = VDD-0,5 V 3 

outputs OL,PC2,OUT -1OH 1,5 - - 1,3 - - 1,0 — — mA 

output XTAL —1OH 1,4 - - 1,2 - - 0,9 — — mA 

Output TCC sink 
current 1O — — — — 2,1 — — — — mA 3,4,5 

Output TCC source 
current —1O — — — — 1,9 — — — — mA 3,4,6 

Internal resistance 
of TCC 
output swing 200 mV 

specified output range: 
0,3VDDto0,7VDD R1 - - - - 0,7 — — — — kS2 3,4 

Output TCC voltage 
with respect to 
TCA input voltage OV - 0 - - 0 - - 0 — V 3,4,7 

Output PC1 sink 
current 1O — — — — 1,1 — — — — mA 3,4,8 

Output PC1 source 
current —1O - - - - 1,0 — — — — mA 3,4,9 

Internal resistance 
of PC1 
output swing I 200 mV 

specified output range: 
0,3 VDD to 0,7 VDD R1 — — — — 1,4 — — — — kSt 3,4 

Output PC1 voltage 
with respect to 
TCC input voltage DV — 0 - - 0 - - 0 - V 3,4,10 

FOR generation 

VEOR = VDD- VTCA VEOR - 0,9 - - 0,7 - - 0,6 - V 3,4,11 

Source current; HIGH 
at VOUT ='/2  VDD% 
output in ramp mode 3,4 

TCA 1O - - - - 13 - - - - mA 

TCB lO — — — — 2,5 — — — — mA 
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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; 
VDD = 10 V ± 5%; Tamb = 25 °C; input transition times 5 20 ns; RA = 68 kS2 ± 30% (see also note 4); 

CA = 270 pF; CB = 150 pF; CC = 1 nF; CD = 10 nF; unless otherwise specified. 

symbol min. typ. max. unit conditions notes 

Slew rate 
TCA STCA - 52 - V/µs RA = minimum 12 
TCA STCA — 28 — V/µs RA = maximum 12 
TCB STCB - 20 - V/µs RA = minimum 12 
TCB STCB - 10 - V/µs RA = maximum 12 

Ramp linearity 
TCA ITCA — 2 — % 13 
TCB ITCB — 2 — % 13 

Start of TCA-ramp delay tCBCA — 200 — ns 

Delay of TCA-hold tRCA — 40 — ns 

Delay of TCA-discharge tVCA — 60 — ns 

Start of TCB-ramp delay tVCB — 60 — ns 

TCB-ramp duration trCB — 250 — ns VMOD = 4 V 
trCB - 350 — ns VMOD = 6 V 
trCB - 450 — ns VMOD = 8 V 

Required TCB min. 
ramp duration trCB — 150 — ns 14 

Pulse width 
V : LOW tPWV L — 20 — ns 
V: HIGH tPWVH — 20 — ns 

R : LOW tPW R L — 20 — ns 
R : HIGH tPWRH — 20 — ns 

STB : LOW tpWSL — 20 — ns 
STB : HIGH tP~VSH - 20 — ns 

Fall time 
TCA tfCA — 50 — ns 
TCB tfCB — 50 — ns 

Prescaler input frequency fPR — 30 — MHz all division ratios 

Binary divider frequency fDIV — 30 — MHz all division ratios 

Crystal oscillator frequency 

Average power supply current 
fOSC - 10 — MHz 

locked state 
with speed-up 1 : 10 Ip — 3,6 — mA 15 
without speed-up Ip — 3,2 — mA 16 
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Fig. 8 Test circuit for measuring a.c. characteristics. 
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NOTES 

1. Definitions: 
RA = external biasing resistor between pins TRA and VSS; 68 kSt ± 30%. 
CA = external timing capacitor for time/voltage converter, between pins TCA and VSS• 
CB = external timing capacitor for phase modulator, between pins TCB and VSS• 
CC = external hold capacitor between pins TCC and VSS• 
CD = decoupling capacitor between pins TRA and VDD. 
Logic inputs: V. R, SIB, A0 to Ag, NS0, NS1, OSC. 
Logic outputs: OL, PC2, XTAL, OUT. 
Analogue signals: TCA, TCB, TCC, IRA, PC1, MOD. 

2. IRA at VDD; TCA, TCB, TCC and MOD at VSS; logic inputs at VSS or VDD. 
3. All logic inputs at VSS or VDD. 
4. RA connected; its value chosen such that ITRA = 100 µA. 
5. The analogue switch is in the ON position (see Fig. 9). 

VDD 

TCC 

analogue 
switch 

7ze4481 

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). 

• VDD 

TCA O 

analogue 
switch 

7Z84482 

TCC 

' VSS Fig. 10 Equivalent circuit for note 6. 

7. This guarantees the d.c. voltage gain, combined with d.c.-offset. 
Input condition: 0,3 VDD VTCA 0,7 VDD. 
DV = VTCC-VTCA• 

TCA analogue 
switch 

TCC 

7Z84483 

8. 

PC1
- p --

TCCO 

1O PC1

VSS 
9. 

VDD 
TCC O 

-1x 

7Z84485 

VDD 

kSt 

10 
kS2 

VSS 

VDD 

7Z84484 

  VSS source current. 

Fig. 11 Circuit for note 7. 

Fig. 12 Equivalent circuit for PC1 
sink current. 

Fig. 13 Equivalent circuit for PC1 

10. This guarantees the d.c. voltage gain, combined with d.c.-offset. 
Input condition: 0,3 VDD VTCC 0,7 VDD. 
OV = VpC1-VTCC• 

TCC 

7284486 

PC1

VDD 

20 
kc2 

20 
kSl 

VSS 

Fig. 14 Circuit for note 10. 
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11. Switching level at TCA, generating an EOR-signal, during increasing input voltage. 
12. 

specified 
range 

t 
7284487 

Fig. 15 Waveform at the output. 

13. Definition of the ramp linearity at full swing. 

DV 

30% VDD 

70% VDD 

ramp waveform 
7Z84488 

Fig. 16 DV is the maximum deviation of the ramp waveform to the straight line, which joins the 
30% VDD and 70% VDD points. 

Linearity —
'~z 

W x 100%. 
DD 

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. 

1 
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NOTES (continued) 

15. Circuit connections for power supply current specification, with speed-up 1 : 10. V and R are 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 = 125 kHz 

Fig. 17 Circuit for note 15. 

16. Circuit connections for power supply current specification, without speed-up. V and R are 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 

Fig. 18 Circuit for note 16. 

NS0 NS1 A 0 Ag 

VOO OUT 
division ratio=400 
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tPWRL 

tPWSL 

50ns —100ns 

TCA  
(analogue) +90% 

tfCA —

tVCA 

tVCB —► 
— 

10% 

~t RCA 

0,5V 

~tCBCA 

TCB 
(analogue) 

10% 

VDD 

VSS 

VDD 

VSS 

tfCB 7Z84475 

(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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APPLICATION INFORMATION 

+12 V 

horizontal sync input 
(54 kHz) 

10 nF 
+-1) 

680 nF 

220 pF 

 II 
CB

33 pF 

- II-
CA 

STB 

TCB 

OL 

TCA 

TRA 
~- i 

68 kL≥ 

-) 
1 nF 

TCC 

2.2 6O 

phase comparator . 
output 

PC1

2 

3 

7 

HEF4750V 

programmable 
+32 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

VDD 106O 4.7kO 

horizontal shift 
MOD 

OUT 

R 

' ' 1 C1f 

NS1

NS 

OSC 

 ► 54 kHz output 

1.7 MHz 

XTAL 

A9

L1 T (A3a98) 

100 µH 

100 pF 

7Z28024 

Fig. 20 Application of HEF4750V as horizontal sync circuit with 
Phase-Locked Loop (PLL) and LC oscillator with vani-cap control. 

100 pF 
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The HEF4751 V is a universal divider (U.D.) intended for use in high performance phase lock loop 
frequency synthesizer systems. It consists of a chain of counters operating in a programmable feedback 
mode. Programmable feedback signals are generated for up to three external (fast)=10/11 prescaler. 

The system comprising one HEF4751 V U.D. together with prescalers is a fully programmable divider 
with a maximum configuration of: 5 decimal stages, a programmable mode M stage (1 M 6 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 frequency locking. The slow output signal FS at output OFS, which is 
jitter-free, is used for fine phase control at a lower speed. 

VDD OFF RI 

A3 A 2 A l

25 24 23 22 21 20 19 18 17 16 15 

OFS OT- OSY IN 63 B2 B1 B O SI 
OFB OFB3 1 

HEF4751V 

A0 OD6 OD5 OD4 OD3 OD2 OD1 OD0 PE PC VSS 
I 1 I ~ 2 ~ L_J L_J I-1 1-1 L'J U LJ 10 11 12 I13~ 14 

SUPPLY VOLTAGE 

rating recommended 
operating 

—0,5 to +18 4,5 to 12,5 V 

7zs4464 

Fig. 1 Pinning diagram. 

HEF4751VP(N): 28-lead DIL; plastic (SOT117) 
HEF4751VD(F): 28-lead DIL; ceramic (cerdip) (SOT135V) 
HEF4751VT(D): 28-lead SO; plastic (SOT136A) 
U: Package Designator North America 

FAMILY DATA 
see Family Specifications 

'DD LIMITS category LSI 
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Fig. 2 Block diagram. 
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HEF4751V 
LSI 

PC 

PE 

0D0

OD1

OD2

OD3

OD4

OD5

OD6

data valid  
(shaded) 

fetch period 0 5 6 

Fig. 4 Timing diagram showing programme data inputs. 

Allocation of data input 

fetch 
period 

inputs 
A3 A2 Al AO B3 B2 61 BO SI 

0 
1 
2 
3 
4 
5 

6 

n0A 
n1A 
n2A 
n3A 
n4A 
n5A 

M 

n0B 
n1B 
n2B 
n3B 
n4B 
n5B 

COb 
control 

'Y2 channel 
control 

bin 
X 
X 
X 
X 
X 

X 

Allocation of data input B3 to BO during fetch period 6 

B3 B2 C0b division ratio 

L L 1 
L H 2 
H L 5 
H H 10/11 

B1 BO '/2 channel configuration 

L 
L 
H 
H 

L 
H 
H 
L 

H=1 
H=2;nh=0 
H=2;nh=1 
test state 

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

6 6 
7Z84467 
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Universal divider HEF4751V 
LSI 

PROGRAMME DATA INPUT (see also Figs 3 and 4) 

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 (0D0 to 0D6). These data address 
signals may be used to address the external programme source. The data fetched from the programme 
source is applied to inputs A0 to A3 and B0 to B3. When PC is LOW in a fetch period an internal load 
pulse is generated, the data is valid during 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 Cl) are programmed with number P. consisting of six internal digits n0 to n5. 

P= (n5 • 104 +n4 • 103 +n3. 102 +n2 • 10+n1) • M+n0 

These digits are formed by a substractor from two external numbers A and B and a borrow-in (bin)• 

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 n0A to n5A and nOB to n5B, are applied in 
fetch period 0 to 5 to the inputs A0 to A3 (data A) and B0 to B3 (data B) in binary coded negative 
logic. 

A= (n5A 104 + n4A • 103 + n3A . 102 + n2A 10 + n 1 A) M + n0A. 

B=(n5B• 104 +n4B• 103 +n3B• 102 +n2B• 10+n1B) .M+n06. 

Borrow-in (bin) is applied via input SI in fetch period 0 (SI = HIGH: borrow, SI = LOW: no borrow)• 

Counter Cl is automatically programmed with the most significant non-zero digit (nms) from the 
internal digits n5 to n2 of number P. The counter chain C — 2 to Cl (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 n0 and nh respectively. In fetch period 6 the fractional counter C3, half channel counter 
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 60 = HIGH and disabled with B0 = LOW. With C4 
enabled, a half channel offset can be programmed with input B1 = HIGH, and no offset with B1 = LOW. 

1 
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HEF4751V 
LSI 

FEEDBACK TO PRESCALERS (see also Figs 5 and 6) 

The counters Cl, 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 ASH output during 
one period of C3. Rate selector ASH is timed by C4 and programmed with nh. In one of the two states 
of C4, if enabled, or always, if C4 is disabled, ASH transfers the LOW active signal at input Al to ASO. 
If Al is not used it must be connected to HIGH. The  feedback output signals of AS1, RS2 and RS3 are 
externally available as active LOW signals at outputs OFB1, OFB2 and OFB3. 

Output OF61 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 OR-
function of the sync. input and sync. output of the following prescaler (all sync. signals active LOW). 

O--

C-1 
=10/11 

IN" OUT" 

S', PE" 

" I-

SY' 

--,--

00a

IN' 
-5/6 

OUT' 

PE' 

IN C0b

=2 

OS",

OFB 3

Cl 
-n4/ 
n4 +1 

RS 
switch 

OFB 2

OFB1

C2 

=10 

RS4 
n4

RS 3 
n3

RS2 

n2

UNIVERSAL DIVIDER 

RS1 
n1

7za4466 

Fig. 5 Block diagram showing feedback to prescalers. 
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b.t.p. (n-1) basic timing period (n) 

HEF4751V 
LSI 

b.t.p. (n+1) 

IN' 

C0a f--- 5 H ---
i 

IN, OUT' I I 

PE' 

OFB2

OSY 

S' 

SY' 

OFB1

PE" 

C-1 (1) 

O 

  : 11  

i 
6 : 5 -+► 

: 10 

~- : 5 5 ►. 

i
~— :5 

:10 

(1) scaling factor 

: 10 

Fig. 6 Timing diagram showing signals occurring in Fig. 5. 
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HEF4751V 
LSI 

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 — n38 — n48 - 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 subtractor, 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 RI and output OFS must be connected to rate output OFB1 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 of 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 
rate selectors following OFF. 

OFS  I 
OFF 

(M•H) pulses 7zs44s5 

Fig. 7 Timing diagram showing output pulses. 
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HEF4751V 
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D.C. CHARACTERISTICS VSS = 0 V 

VDD 
V 

VOH 
V 

VOL 
V 

symbol —40 
min. max. 

Tamb (° C) 
+25 

min. max. 
+85 

min. max. 

Output (sink) 4,75 0,4 1,6 1,4 1,1 mA 
current LOW 5 0,4 IOL 1,7 1,5 1,2 mA 

10 0,5 2,9 2,7 2,2 mA 

Output (source) 5 4,6 1,0 0,85 0,55 mA 
current HIGH 5 2,5 —IOH 3,0 2,5 1,7 mA 

10 9,5 3,0 2,5 1,7 mA 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times 6 20 ns 

parameter VV symbol min. typ. max. unit 

Propagation delay 5 
10 

5 
10

10 
5 

10 

5 
10 

5 
10 

tPHL 

tTH L 

tTLH 

fmax 

max 

fmax 

4 
12 

2 
6 

0,15 
0,5 

135 
45 

30 
12 

45 
20 

8 
24 

4 
12 

0,3 
1,0 

270 
90 

60 
25 

90 
40 

ns 
ns 

ns 
ns 

ns 
ns 

MHz 
MHz 

MHz 
MHz 

MHz 
MHz 

CL = 10 pF 

CL = 50 pF 

CL = 50 pF 

! 6 = 50% 
l C0b ratio > 1 

( S = 50% 
I C0b ratio = 1 

IN — OSY 
HIGH to LOW 

Output transition 
times 

HIGH to LOW 

LOW to HIGH 

Maximum input 
frequency; IN 

Maximum input 
frequency; IN 

Maximum input 
frequency; PC 

VDD 
V typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P1 

5 
10 

1 200 fi + E(foCL) x VDD2
5400 f1+ E(foCL) x VDDZ 

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 
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HEF4752V 
LSI 

A.C. MOTOR CONTROL CIRCUIT 

The HEF4752V is a circuit for a.c. motor speed control utilizing LOCMOS technology. The circuit 
synthesizes three 1200 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 accuracy 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. 

OBC1 

OBM2 

OBM1 

RCT 

CW 

OCT 

K 

ORM1 

ORM2 

ORC1 

ORC2 

FCT 

A 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

VSS 14 

U 

HEF4752V 

7275992 

Fig. 1 Pinning diagram. 

VDD 

OBC2 

PINNING 

Inputs; group I 

24 = L 
25 = I 
7 = K 
5 = CW 

Inputs; group II 

data 12 = FCT frequency clock 
data 17 = VCT voltage clock 
data 4 = RCT reference clock 
data 6 = OCT output delay 

28 

27 

26 VAV 13=A 
15=6 

data clock 
data 

25 I 16=C data 

L Outputs; group I 24 

23 = RSYN R-phase synchronization 
23 RSYN 26 = VAV 

18=CSP 
average voltage 
current sampling pulses 

22 OYM1 
Outputs; group II 

21 OYM2 8 = ORM1 R-phase main 
9 = ORM2 R-phase main 

20 OYC1 10 = ORC1 R-phase commutation 
11 = ORC2 R-phase commutation 

19 OYC2 22 = OYM 1 Y-phase main 
21 = OYM2 Y-phase main 
20 = OYC1 Y-phase commutation 

18 CSP 19 = OYC2 Y-phase commutation 
3=OBM1 B-phase main 

17 VCT 2 = OBM2 B-phase main 
1 = OBC1 B-phase commutation 

16 27 = OBC2 B-phase commutation 

B SUPPLY VOLTAGE 15 

rating recommended 
operating 

HEF4752V —0,5 to 18 4,5 to 12,5 V 

HEF4752VP(N): 28-lead DIL; plastic (SOT117-2) 
HEF4752VD(F): 28-lead DIL; ceramic (cerdip) (SOT135) FAMILY DATA see Family Specifications 
H: Package Designator North America 
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A.C. motor control circuit HEF4752V 
LSI 

APPLICATION INFORMATION 

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 required for this special waveform generation, 
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 VCb during braking action. 

3-phase C _ 
mains 

FILTER 

N ref 

T 

1 
I m ref 

T

-4—. 

RECTIFIER 

IVCb 

♦  +15V 

+ SMPS  +12V

1VCb~ 

ANALOGUE 
CONTROL 

Im« 

—12 V 

M/G 
a 

SMOOTHING 
CAPACITOR 

Cb T 

OCT 

RTC 

FCT 

VCb 

INVERTER 

PULSE 
AMPLIFIER 

VCT 

CW/CCW 

PWM — IC 
HEF4752V 

3-phase 
ti

DCCT 

Fig. 2 PWM motor speed control system using HEF4752V. 

7Z82749 
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APPLICATION INFORMATION (continued) 
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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. 

9 118 

17 OP .

MULTIPLEXER 

14 IN 

13 LFC 

12 Y 

11 Z 

PREDIVIDERS 

4096: 1 

VSS VDD 

W 16 

SYNCHRONIZATION 
AND 

EDGE-DETECTION 

EVENT 
F LIP-

F LOPS 

t 
MODE SWITCH 

OUTPUT MULTIPLEXER 

OUT 

8-BIT 
PROGRAMMABLE 

COUNTER 

A B C D E F G H 

X 

FAMILY DATA 

IDD LIMITS category LSI } 

10 

Fig. 1 Functional diagram. 

see Family Specifications 

2 3 4 5 6 7 8 
7Z83573 
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18 17 16 15 14 13 12 11 10 

VDD CP W X IN LFC Y Z OUT 
HEF4753BP(N): 18-lead DIL; plastic 

D HEF4753B 
(SOT102-3) 

HEF4753BD(N): 18-lead DIL; ceramic (cerdip) 
(SOT133) 

A B C D E F G H VSS U: Package Designator North America 

uuuuuuuuu 

7Z83563 

Fig. 2 Pinning diagram. 

FUNCTION TABLES 

inputs 

LFC Y Z 
operating mode 

L 

L 

H 

H 

H 

L 

LFC 

L 

H 

H 

L 

H 

H 

L 

H 

L 

L 

H 

H 

H 

L 

counter 

divider 

delayed LOW to HIGH edge 

delayed HIGH to LOW edge 

transient pulse suppression 

frequency recognition 

digital pulse duration selector 

Programmable 8-bit counter * 

inputs 
active LOW 

value 

A 1 
B 2 
C 4 
D 8 
E 16 
F 32 
G 64 
H 128 

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

12-bit predivider 

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. 

FUNCTIONAL DESCRIPTION 

Clock divider and decoder 

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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Event flip-flops, synchronization and edge-detection 

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 function switches the chosen output to the output (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). 

A B C D E F G H W X LFC Y Z 

H H L H H H H H L L L L H 

CP 

IN J 

OUT 

CP 

IN 

—► +t2 
-► ~t 1

t3
7Z83568 

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). 

A BC D E F G H W X LFC Y Z CP 

L L H H H H H H L L L H L IN 

CP 

IN 

OUT 

a— t3 ► 
tt2 

y 

f -t2 
-t 1

t3 _______. 7Z83570 

Fig. 4 Timing diagram for divider mode; t1 = delay until set of 8-bit counter; t2, t3 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 

H L H H H H H H L L H H L IN 

CP 

IN 

OUT 

f t5 

tt4 

7Z83566 

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; t5 = delay until next positive clock edge. 
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LSI 

4. Delayed HIGH to LOW edge mode; see note 2 (LFC = HIGH; Y = LOW; Z = HIGH) 

A B C D E F G H W X LFC Y 

H L H H H H H H L L H L 

CP 

IN 

OUT 

Z CP 

H IN 

►  17 

14 
HEF4753B 10 OUT 

  7Z83564 

It t5 
ft 4

t 3 —► 

ft2 
~t 1 

7Z83569 

Fig. 6 Timing diagram for delayed HIGH to LOW edge mode; for t1 to t5 
see Fig. 5. 

5. Transient pulse suppression and pulse delaying mode; see note 2 ( LFC = Y = Z = HIGH) 

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 CP 

L L H H H H H H 

CP 

IN 

OUT 

L L H H H IN 

~— t3

rt2 
t 1

7Z83567 

Fig. 7 Timing diagram for transient pulse suppression and pulse delaying mode; 
for t1, t2 and t3 see Fig. 5. 
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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 W X LFC Y Z CP 

L H L H H HH H 

Minimum dividing number is 3. 

CP 

IN I I 

OUT 

L L L H H IN 

7Z83571 

r t2 
~ t1 
  ty

t3

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 H H H H H H 

Minimum dividing number is 3. 

CP 

IN 

17 
HEF4753B 10 

14 ICI 

LFC 1

L L 

L L 

17 13 

HEF4753B 10 OUT 
14 IC2 
  7283565 

L H 

OUT L 
(IC1) 

H 

L 

ICI 

IC2 
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CP 

IN 

OUT 
LOW 

IN 

OUT 

IN 

OUT 
LOW 

Ni <t2I 

HEF4753B 
LSI 

t2<tIN2<tt 

t2
t i

r 

tIN3> t 1 

7Z83572 

Fig. 9 Timing diagram for digital pulse duration selector mode; tiN1, tlN2 and tlN3 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 

VSS=0V 

Tamb (° C) 
VDD VOH VOL symbol —40 +25 +85 

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

Output (sink) 4,75 0,4 2,7 — 2,3 — 1,8 — mA 
current LOW 10 0,5 IOL 9,5 - 8,0 — 6,3 — mA 
(pin 10) 15 1,5 24,0 - 20,0 - 16,0 — mA 

Output (source) 5 4,6 0,6 - 0,5 - 0,4 — mA 
current HIGH 10 9,5 -IOH 1,8 — 1,5 — 1,2 — mA 
(pin 10) 15 13,5 6,0 - 5,0 - 4,0 - mA 

A.C. CHARACTERISTICS 

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

V V symbol min. typ. max. typical extrapolation 
formua 

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 
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; S = 50% 15 8 17 MHz 

Dynamic power 
dissipation per 
package (P) 

VDD 
V 

typical formula for P (µW) 

5 
10 
15 

1 8001j + E (foCL) x VDDz 
8000 fi + E (foCL) x VDD2

19000f1 + E (foCL) x VDDz

where 
fi = input freq. (MHz) 
f°  = output freq. (MHz) 
CL = load capacitance (pF) 
E (foCL) = sum of outputs 
VDD = supply voltage (V) 
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18-ELEMENT BAR GRAPH LCD DRIVER 

HEF4754V 
LSI 

The HEF4754V drives an 18-element bar graph LCD in l inear relation to the control voltage (Vc) in a 
pointer or thermometer mode. 

27 ref max 

26 

25 

1
T 

VSS 
4

3 

2 

R1 
O1

O2

R1 O3 

O4 

O5 
I 
I 6 

O7

R1 LATCH 
O8

ref min D T AND O9 
DIVIDER 

CIRCUITRY O10 

O11 

O12 

O13 
osc 

OSCI LLATOR CP O14 

15 

O16 

O17 

2 MODE O18 

3 SE LECTOR OR 

Fig. 1 Functional diagram. 

7285217 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

FAMILY DATA see Family Specifications 

January 1995 729 



HEF4754V 
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Vosc 1 

I3 C 

I1C 

O1

O3 

6 

8 

° 41T

O5 10 

O6 11 

O7 12 

O8 13 

O9 14 

 J 
U 

HEF4754V 

28  VDD 

27 Vref max 

26 Vref min 

25 Vc

24 OR 

23 O18 

22 O17 

E O16 

20 O15 

19  O14 

18  O13 

O12 17 

16 O11 

15 O10 

7Z85215 

Fig. 2 Pinning diagram. 

FUNCTION TABLE 

PINNING 

Vosc 
Vc

Vref min 
Vref max 
11 

12 

13 

O1 to O18 
OR 

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(N): 28-lead DIL; plastic 
(SOT117-2) 

HEF4754VD(F): 28-lead DIL; ceramic (cerdip) 
(SOT135) 

HEF4754VT(D): 28-lead SO; plastic 
(SOT136-1) 

U: Package Designator North America 

11 12 13 mode 

L 
L 
H 
H 
H 

L 
H 
L 
H 
H 

X 
X 
X 
L 
H 

pointer; 18 bars 
pointer; 9 bars 
thermometer; no peak value 
thermometer; peak value, repetitively reset 
thermometer; peak value, manually reset 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
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18-element bar graph LCD driver HEF4754V 
LS I 

GENERAL DESCRIPTION 

The HEF4754V drives an 18-element bar graph LCD in linear relation to the control voltage (Vc) in a 
pointer or thermometer mode. The first bar lights up when Vc 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. 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 (O1 to O18) 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 
11 to 13 are provided with an on-chip pull-up element, and they may therefore be left floating (equals 
HIGH state). 

LINEARITY 

VDD = 10 V; Vref max = 9,5 V; Vref min = 0,5 V; Tamb = 25 °C 

OV1 = 250 mV (this is the tolerance of the step voltage). 

Vstep = Vstep' + DV 1 

Vstep' is the (internal) voltage drop across the resistor-ladder network. 

_ (Vref max ± ~V2) — (Vref min ± ~V2) 
Vstep 18 

OV2 is the maximum offset voltage spread of the on-chip voltage follower. 

OV2 = 250 mV. 

The linearity is guaranteed for VDD > 10 V. 
The monotony between VDD = 5 V and 10 V is guaranteed. During ramping-up of the input voltage 
a maximum of two bars might be activated simultaneously. 

[1] 

[2] 

ABSOLUTE VOLTAGE TRIGGER LEVEL 

The absolute voltage trigger level at the Vc pin is VT(bar)n; 

VT(bar)n = (Vref min ± iV2*) + { (n-1) Vstep' ± aV1 ), in which [31 

n = number of bars; 2 n 18. 

For n = 1 (first bar) see text above. 

* For V2 the same sign (+ or —) should be used as in equation [21. 
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HEF4754V 
LSI 

RATINGS 

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

Supply voltage VDD —0,5 to + 18 V 

Voltage on any input VI —0,5 to VDD + 0,5 V 

D.C. current into any input or output ± II max. 10 mA 

Storage temperature Tstg —25 to + 125 °C 

Operating ambient temperature Tamb —20 to + 85 °C 

NOTES (to D.C. CHARACTERISTICS) 

1. Vref min = 0,5 V; Vref max = 9,5 V; Vosc = Vc = 0 V; I1, 12 and 13 at VDD. 

2. Pin under test at VSS or VDD, all other inputs simultaneously at VSS or VDD. 

3. lO = 0; all inputs at VS5 or VDD. 

4. At VDD = 5 V: VOH = 4,5V. 
At VDD = 10 V: VOH = 9,5V. 
At VDD =15 V: VOH=13,5 V. 

5. At VDD = 5 V: VOL = 0,4 V; inputs at VSS or VDD. 
At VDD = 10 V: VOL = 0,5 V; inputs at VSS or VDD. 
At VDD = 15 V: VOL = 1,5 V; inputs at VSS or VDD. 

6. Vref min +4 V < Vref max• 
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18-element bar graph LCD driver 

D.C. CHARACTERISTICS 

Vgs=0V 

HEF4754V 
\ LSI 

,D symbol 
Tamb (° C) 

notes —40 +25 

min. max. min. typ. max. 

+85 

min. max. 

Quiescent device 5 — — — — — — — µA 
current 10 'DD - - - - 1000 - - µA 1 

15 - - - - 1600 - - µA 

Input leakage 5 — — — — 100 — — nA 
current (except) 10 ± IIN - - - - 100 — — nA 2 
select inputs) 15 — — — — 100 — — nA 

Input voltage HIGH 5 3,5 — 3,5 — — 3,5 — V 
select inputs 10 VIH 7,0 - 7,0 - - 7,0 - V 

15 11,0 - 11,0 - - 11,0 — V 

Input voltage LOW 5 — 1,5 — — 1,5 — 1,5 V 
select inputs 10 VIL - 3,0 - - 3,0 - 3,0 V 

15 - 4,0 - - 4,0 - 4,0 V 

Output voltage 5 4,99 — 4,99 — — 4,95 — V 
HIGH 10 VOH 9,99 — 9,99 — — 9,95 — V 3 

15 — — 14,99— — — — V 

Output voltage 5 — 0,01 - - 0,01 - 0,05 V 
LOW 10 VOL - 0,01 - - 0,01 - 0,05 V 3 

15 - 0,01 - - 0,01 - 0,05 V 

Output current 5 0,36 - 0,3 - - 0,24 - mA 
HIGH 10 -IOH 0,80 - 0,7 - - 0,56 - mA 4 

15 3,0 - 2,8 - - 2,60 — mA 

Output current 5 0,34 - 0,3 - - 0,24 - mA 
LOW 10 IOL 1,00 - 0,9 - - 0,72 - mA 5 

15 4,40 - 4,0 - - 3,20 — mA 

Input voltage 5 — — 0 — 5 — — V 
control input Vc 10 VIC - - 0 - 10 - - V 6 

15 - - 0 — 15 — — V 

Max. input voltage 5 - — 4,5 — 4,5 — — V 

Vrefmax input 10 ViRmax — — 4,5 — 9,5 — — V 6 
15 — — 4,5 — 14,5 — — V 

Min. input voltage 5 — — 0,5 - 0,5 — — V 

Vref min input 10 V I Rmin — — 0,5 - 5,5 - - V 6 
15 - - 0,5 - 10,5 — — V 

Operating supply current 10 'DD - - - 750 - - - µA Fig. 3 

For notes see opposite page. 
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DEVELOPMENT DATA 
This data sheet contains advance information and HEF4755V 
specifications are subject to change without notice. 

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: VDD synchronous asynchronous 

5V 
7V 

10V 

0,8 Mbaud 
1,6 Mbaud 
3,2 Mbaud 

31 kbaud 
62 kbaud 

125 kbaud 

• Inputs: standard LOCMOS 
• Outputs: TTL compatible (1 TTL load) 
• 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 

rating recommended 
operating 

VDD —0,5 to + 15 

ISS 30 

FAMILY DATA 
see Family Specification 

IDD LIMITS catagory LSI 

4,75 to 12,6 V 

— mA 
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TST 1 

ML0 2 

ML1 3 

01O0 4 

01O1 5 

D1O2 6 

DIO3 7 

D1O4 8 

DIO5 9 

D1O6 10 

D1O7 11 

RX 12 

TX 13 

VSS 14 

U 

HEF4755V 

7Z84751 

28 

27 

VDD 

TT0 

26 TT1 

25 cP 

24 ERR 

23 DP 

22 MI 

MO 

MOS 

HD 

BUSY 

START 

16 R 

21 

20 

19 

18 

17 

15 

Fig. 1 Pinning diagram. 

AS 

HEF4755VP(N): 28-lead DIL; plastic 
(SOT117-2) 

HEF4755VD(F): 28-lead Dl L; ceramic (cerdip) 
(SOT1351 

HEF4755VT(D): 28-lead SO; plastic 
(SOT136-1) 

U: Package Designator North America 

PINNING 

1 

2 
3 

TST 

M LO 
ML1 1 

Test pin; during normal use 
connected to VSS. When TST is 
HIGH (VDD), internal check points 
are connected to the data bus. 

Input code for message length 
(see Table 1). 

4 01O0 
to 
11 

to 
D1O7 1 

Bidirectional data bus. 

12 RX Mode input: receive see 
13 TX Mode input: transmit Table 
15 AS Mode input: asynchronous 1 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 = 7 bit (HD = 4) 
HIGH = 15 bit (HD = 6) 

20 MOS Output message synchronization 
used in synchronous mode. 

21 MO Message output. 

22 MI 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 l Programming of the permissible 
27 TT0 ( 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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Table 1 Input code for message length 

M LO ML1 message length 

H 

L 

H 

L 

H 

H 

L 

L 

6 data bytes 

4 data bytes 

2 data bytes 

r variable length 
depends on 
format byte 

Table 2 Input code for input mode 

HEF4755V 
LSI 

RX TX AS 

L L L status register connected to the data bus for error recognition 

H L L receiving in synchronous mode 

L H L transmitting in synchronous mode 

H H L receiving messages (without redundancy bit); data parallel out; 
calculating of redundancy byte; transmitting data with redundancy 
byte in synchronous mode 

L L H only bit check in asynchronous mode; no data output on data bus 

H L H receiving in asynchronous mode 

L H H transmitting in asynchronous mode 

H H H receiving and transmitting of a regenerated message in the 
asynchronous mode 

Table 3 Permissible time tolerance in bit distortion 

TT1 TT0 permitted distortion (dt/T) 

L L 6/32 19% 

L H 8/32 = 25% 

H L 10/32 31% 

H H 12/32 37% 

H = HIGH state (the most positive voltage) 
L = LOW state (the least positive voltage) 
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TTO, TT1 

RX, TX, AS 

START, l 
CP, R f 
BUSY, 
DP, ERR 

HD 

MLO, ML1 

DIOO 
to 

/l 
to 

c~lD1O7 

UDD -

VSS -

TST - 

CONTROL 

& 
STATUS 

REGISTER 

(1) 

BIT CHECK 3I 
p. 

► 

3/ ► 

2/ 
2 

SHIFT 
REGISTER 

FOR 

FORMAT 

PROTECTION 

& 

CHECKING 

► 

8 8 

(1) START 
CODE 

GENERATOR 

I 
(1) 

START 

CODE 
RECOGNITION 

REDUNDANCY 

BYTE 
CALCULATOR 

& 
CHECKER 

(1) Only used in the asynchronous mode. 

7Z84756 

Fig. 2 Block diagram. 
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Fig. 3 Functional diagram. 
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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 S D RCB 

start 
code 

size 
byte 

0 to 7 data bytes 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 256 x 1077. 
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: 

DIO0=C l 
DIO1=B ` n=C 22 +B 2'+A 2°
D1O2=A J 
D1O3=P =C®B®A 

The information is transmitted as follows: 

St C B A P P A B C data 

With this, a hamming distance of 4 is obtained. 

7Z84752 
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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 (MI). 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. 
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D.C. CHARACTERISTICS 

VSS = 0 V; Tamb = —40 to + 85 °C; unless otherwise specified 

 J  

HEF4755V 
LS I 

parameter VDD 
V 

symbol min. typ. max. unit conditions 

Outputs 

Output voltage LOW 
4,75 to 
12,6 VOL - - 0,4 V IOL = 1,8 mA 

4,75 V O L — 04 — , V IOL = 2,3 mA 
Tamb = 25 °C 

Output voltage HIGH 12, 6 to 
12,6 VOH VDD-1 - - V -IOH = 1,1 mA 

4,75 VOH VDD-1 - - V IOH = 1,4 mA 
Tomb = 25 °C C 

Inputs/outputs 

As outputs 

Output voltage LOW 
4,75 to 
12,6 VOL - - 0,4 V IOL = 1,8 mA 

4,75 OL VOL - 0,4 V IO L = 2,3 mA 
Tamb = 25 °C 

Output voltage HIGH 
4,75 to 
12,6 VOH VDD-1 - - V -IOH = 1,1 mA 

4,75 VOH VDD-1 - - V IOH = 1,4 mA 

Tamb = 25 °C C 
Output leakage current 

HIGH 12,6 IOZH - - 20 µA VOH = 12,6 V 

12,6 IOZH - - 5 µA { VOH = 12,6° V 
l Tamb = 25 C 

LOW —IOZL - - 20 µA VOL=0V 

As inputs 

-IOZL - - 5 µA { T~ b = 25 °C 

l

Input voltage LOW 
4,75 to 
12,6 VIL 0 - 0,3Vpp V 

Input voltage HIGH 
4,75 to 
12,6 VIH 0,7 VDD — VDD V 

1 
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HEF4755V 
LSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = —40 to + 85 OC; unless otherwise specified 

parameter VDD symbol min. typ. max, unit conditions 

Asynchronous mode AS at VDD 

Clock pulse width 5 500 ns 
LOW 10 tWCPL 125 ns 

HIGH 5 
10 tWCPH 

500 
125 

ns 
ns 

START pulse 5 0,9 µs 
width HIGH 10 t\VSH 0,22 µs 

Set-up time 5 1,4 µs 
Dn --► CP 10 tsu 0,35 µs 

Hold time 5 0 µs 
CP— Dn 10 thold 0 µs 

Reset (R) pulse 5 1 µs 
width HIGH 10 tWRH 0,25 µs 

Synchronous mode AS at VSS 

Clock pulse width 5 625 ns 
LOW 10 tWCPL 150 ns 

5 625 ns 
HIGH 

10 tWCPH 150 ns 

Set-up time 5 0,6 µs 
START — CP 10 tsu 0,15 µs 

Hold time 5 300 ns 
CP --► START 10 thold 75 ns 

Set-up time 5 600 ns 
Dn — - CP 10 tsu 150 ns 

Hold time 5 0 ns 
C7 — Dn 10 thold 0 ns 

Reset (R) pulse 5 1 µs 
width HIGH 10 tWRH 0,25 µs 

Note 

Measured between output voltage levels of 0,8 V and 2 V. 
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Transceiver for serial data communication HEF4755V 
LSI 
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Fig. 4 Waveforms showing the clock, data and start timing. 
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Philips Semiconductors Product specification 

8-stage shift-and-store register LED driver HEF4794B 

APPLICATIONS ORDERING AND PACKAGE INFORMATION 

• Automotive 
• Industrial 

GENERAL DESCRIPTION 

The HEF4794B is an 8 stage serial 
shift register having a storage latch 
associated with each stage for 
strobing data from the serial input to 
parallel LED driver outputs Oo to O7. 
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 OS') are 
available for cascading a number of 
HEF4794B devices. Data is 
available at OS 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 OS' on the next negative-going 
clock edge and provides cascading 
HEF4794B devices when the clock 
rise time is slow. 

TYPE NUMBER 
PACKAGES 

PINS PIN POSITION MATERIAL CODE 

HEF4794BT 16 SO plastic SOT109A 

HEF4794BP 16 DIL plastic SOT38Z 

PINNING 

PIN SYMBOL NAME AND FUNCTION 

1 STR strobe input 

2 D data input 

3 CP clock input 

4 to 7, 
14 toll 

Oo to O7 parallel outputs (open drain) 

8 V5 ground 

9, 10 Os, Os' serial outputs 

15 EO output-enable input 

16 VDD positive supply voltage 

FAMILY DATA: see Family Specifications except for: 
Rating for DC current into any open-drain output: 40 mA. 
'OD LIMITS category MSI: see Family Specifications. 

STR U VDD 1 16 

D EO 2 15 

CP O43 14 

O0
4794 

O54 13 

O1 5 12 O6 

O2 O76 11 

O3 OS. 7 10 

VSS OS 8 9 

Fig.1 Pinning diagram. 

2 D 

CP 

STR 

EO

8-STAGE SHIFT 

REGISTER 

Os.

OS 

8-BIT STORAGE 

REGISTER 

OPEN-DRAIN OUTPUTS 

100101102106 73 104103 1 °2 1 ° 7

Fig.2 Functional diagram. 

10 

S 
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Philips Semiconductors Product specification 

8-stage shift-and-store register LED driver HEF4794B 

--- I - ----- i 
STAGE 0 11 I STAGES 1 TO 6 

D -t, -1-- D O ---H D 

I 
FFi 

I cP I I 

cP_I1 'I    _j_J 

STR 

EO 

I 

DO I I 
Latch 

CP I I 

I STAGE 7 

o f-- D O I 
FF6 

cP 

L DO 
Latch 

cP 

I I I L

J 
Lt-I-T1~-r 

L---
O1 O2 O3O4O5O6 

Fig.3 Logic diagram. 

DO 
Latch 

cP 

FUNCTION TABLE 

INPUTS PARALLEL 
OUTPUTS 

SERIAL 
OUTPUTS 

CP OE STR D Oo O Os Os' 

T 
l 
T 
T 
T 
~ 

L 
L 
H 
H 
H 
H 

X 
X 
L 
H 
H 
H 

X 
X 
X 
L 
H 
H 

Z 
Z 
nc 
Z 
L 
nc 

Z 
Z 
nc 

On — 1 
On -1 
no 

Os 
nc 
Ofi 
Og 
Ofi 
no 

C
 
O
 
c
 

c 

c 

0
 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
T = positive-going transition 
.1. = negative-going transition 
Z = high impedance OFF state 
nc = no change 
OB = the information in the 7th shift register stage 

DC CHARACTERISTICS 
V5s = 0 V. 

PARAMETER ~V°)° SYMBOL 
Tame (`C) 

UNIT CONDITIONS —40 +25 +85 

MIN. MAX. MIN. MAX. MIN. MAX. 

output voltage 5 VOL - 0.75 - 0.75 - 1.5 V VI = V5S or VDD; 
LOW; O 10 - 0.75 - 0.75 - 1.5 I lj <20 mA 

15 - 0.75 - 0.75 - 1.5 

output leakage 5 IDZH - 2 - 2 - 15 µA Vo = 15 V 
current; HIGH; On 10 - 2 - 2 - 15 

15 - 2 - 2 - 15 

At the positive clock edge the information in the 7th

register stage is transferred to the 8th register stage 
and the Os output. 
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Philips Semiconductors Product specification 

8-stage shift-and-store register LED driver 

AC CHARACTERISTICS 
Vss = 0 V; Tamb = 25 °C; input transition times ≤ 20 ns. 

where: 
PARAMETER typical formula for P (NW) Rl°ed =

f; = input frequency (MHz), 
f = output frequency (MHz), 
CL = load capacitance (pF), Dynamic power 5 1200 f + E(f°CL) X VDDZ 

dissipation per package 10 5550 f + (f°CL) X VDDZ E(f°CL) = sum of outputs 
(P) 15 15000 f + E(f°CL) X VDD VDD = supply voltage (V) 

H E F4794B 

AC CHARACTERISTICS 
Vss = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times ≤ 20 ns. 

PARAMETER VD° (V) SYMBOL TYP. MAX. UNIT TYPICAL EXTRAPOLATION 
FORMULA 

Propagation delay 
CP to Os
HIGH to LOW 

5 
10 
15 

tpHL
160 
65 
45 

320 
130 
90 

ns 
132 ns + (0.55 ns/pF) CL
53 ns + (0.23 ns/pF) CL
37 ns + (0.16 ns/pF) CL

Propagation delay 
CP to Os
LOW to HIGH 

5 
10 
15 

tPLH
130 
55 
40 

260 
110 
80 

ns 
102 ns + (0.55 ns/pF) CL
44 ns + (0.23 ns/pF) CL
32 ns + (0.16 ns/pF) CL

Propagation delay 
CP to Os' 
HIGH to LOW 

5 
10 
15 

tpHL
120 
50 
40 

240 
100 
80 

ns 
92 ns + (0.55 ns/pF) CL
39 ns + (0.23 ns/pF) CL
32 ns + (0.16 ns/pF) CL

Propagation delay 
CP to Os
LOW to HIGH 

5 
10 
15 

tPLH
130 
60 
45 

260 
120 
90 

ns 
102 ns + (0.55 ns/pF) CL
49 ns + (0.23 ns/pF) CL
37 ns + (0.16 ns/pF) CL

Propagation delay 
CP to On
OFF to LOW 

5 
10 
15 

tPZL
240 
80 
55 

480 
160 
110 

ns see note 1 

Propagation delay 
CP to On
LOW to OFF 

5 
10 
15 

tPLZ
170 
75 
60 

340 
150 
120 

ns see note 1 

Propagation delay 
STR to O 
OFF to LOW 

5 
10 
15 

tpZL
140 
70 
55 

280 
140 
110 

ns see note 1 

Propagation delay 
STR to O,, 
LOW to OFF 

5 
10 
15 

tpLZ
100 
40 
35 

200 
100 
70 

ns see note 1 

Output transition 
time; Os, OS' 
HIGH to LOW 

5 
10 
15 

tTHL 
85 
40 
30 

170 
80 
60 

ns 
35 ns + (1.0 ns/pF) CL
19 ns + (0.42 ns/pF) CL
16 ns + (0.28 ns/pF) CL

Output transition 
time; Os, Os' 
LOW to HIGH 

5 
10 
15 

tTLH 
85 
40 
30 

170 
80 
60 

ns 
35 ns + (1.0 ns/pF) CL
19 ns + (0.42 ns/pF) CL
16 ns + (0.28 ns/pF) CL

Note 
1. Definition of symbol equivalent to 3-state outputs. 
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Philips Semiconductors Product specification 

8-stage shift-and-store register LED driver H E F4794B 

AC CHARACTERISTICS 
VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times ≤ 20 ns. 

PARAMETER 
~V) 

SYMBOL MIN. TYP. MAX. UNIT 

output enable time 5 tPZL - 100 200 ns 
EO to O 10 - 55 110 
OFF to LOW 15 - 50 100 

output disable time 5 - 80 160 ns 
EO to O~ 10 - 40 80 
LOW to OFF 15 - 30 60 

minimum clock pulse width 5 tWCPL 60 30 — ns 
LOW 10 30 15 —

15 24 12 —

minimum strobe pulse width 5 tWSTRH 80 40 — ns 
HIGH 10 60 30 —

15 24 12 —

set-up time 5 tb~ 60 30 — ns 
D to CP 10 20 10 -

15 15 5 -

hold time 5 th°,d 5 -15 - ns 
D to CP 10 20 5 -

15 20 5 —

Maximum clock pulse frequency 5 f 5 10 - MHz 
10 11 22 —
15 14 28 — 
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Philips Semiconductors Product specification 

8-stage shift-and-store register LED driver HEF4794B 

APPLICATION INFORMATION 

An example of applications for the HEF4794B is: 
• Serial-to-parallel converting LED driver. 

PWM dimmer input 

ADD 

DD

— UDD HEF4794B 

 D 
EO STR CP 

I~ l~ 

11
Os,

vSS - I 

vcC 

00
VDD 
D HEF4794B 

EO STR CP 

07
OS 

vss 

CONTROL AND 
SYNC CIRCUITRY 

DATA CLOCKI
\/ 

from remote 
processor 

Fig.6 LED driver register. 
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Philips Semiconductors Objective specification 

12-stage shift-and-store register LED driver HEF4894B 

APPLICATIONS 

• Automotive 
• Industrial 

GENERAL DESCRIPTION 

The HEF4894B is an 12 stage serial 
shift register having a storage latch 
associated with each stage for 
strobing data from the serial input to 
parallel LED driver outputs 
Oo to O. 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 Os') are 
available for cascading a number of 
HEF4894B devices. Data is 
available at Os 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 OS on the next negative-going 
clock edge and provides cascading 
HEF4894B devices when the clock 
rise time is slow. 

ORDERING AND PACKAGE INFORMATION 

TYPE 
NUMBER 

PACKAGES 

PINS PIN POSITION MATERIAL CODE 

HEF48946T 20 SO plastic SO20/SOT163A 

HEF4894BP 20 DIL plastic DIL20/SOT146 

PINNING 

PIN SYMBOL NAME AND FUNCTION 

1 STR strobe input 

2 D data input 

3 CP clock input 

4, 5, 6, 
17, 16, 

7, 8, 9, 
15, 14, 

18, 
13 

Oo to O„ parallel outputs (open drain) 

10 V55 ground 

11, 12 Os, OS serial outputs 

19 EO output enable input 

20 VDD positive supply voltage 

FAMILY DATA 
See Family Specifications except for: 
Rating for DC current into any open-drain output: 40 mA. 

loo LIMITS category MSI: see Family Specifications 

STRI 1 

D  

CP 

OO 
01

02

03

04 

2 

3 

4 

5 

6 

7 

8 

05 1 9

ASS 110

U 

4894 

Preliminary pin assignment. 

20 

19 

ADD 

EO 

u106 

17  07

16 

15 

14 

Og 

Og 

Oto 

12 IOg' 

11 

Fig.1 Pinning diagram. 

OS 

2 

3 

19 

D OS' 12-STAGE SHIFT 
CF 

REGISTER 

OS

STR 12 BIT STORAGE 

REGISTER 

EO OPEN DRAIN OUTPUTS 

DO 01 02 03 04 05 6 07 0e 09 010 011 
4 1 5 1 6 1 7 1 8 19 118 117 116 115 114 113 

Fig.2 Functional diagram. 

12 
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Philips Semiconductors Objective specification 

12-stage shift-and-store register LED driver HEF4894B 

D

STAGE 

_ 
1 

0 

r -------I 
STAGES 1 TO 10 I 

i-----1 
STAGE 11 

O 
FF0

-0 - I- D 

I -CP IrCP11 I - D Q- '- OS 

CP 
I 1 Latch 

CP  i I 

I I I 

I

I 
I I L DD O O

Latch I I I Latch 

CP I I i I r CP 

STR  I I 

EO 

J Ll---~TTn 

rJ 
O1  O10 

Fig.3 Logic diagram. 
O11 

FUNCTION TABLE 

INPUTS 
PARALLEL 
OUTPUTS 

SERIAL 
OUTPUTS 

CP EO STR D Oa On OS OS' 

T 
J 
T 
T 
T 
.l- 

L 
L 
H 
H 
H 
H 

X 
X 
L 
H 
H 
H 

X 
X 
X 
L 
H 
H 

Z 
Z 
nc 
Z 
L 
nc 

Z 
Z 
nc 

On-1 
On — 1 

nc 

O10 
nc 
O10' 
O10' 
O,o' 
nc 

nc 
O„ 
nc 
nc 
nc 
O„ 

H = HIGH state (the more positive vol age) 
L = LOW state (the less positive voltage) 
X = state is immaterial 
T = positive-going transition 
J = negative-going transition 

Z = high impedance OFF state 
nc = no change 
O„'= the information in the twelfth shift 

register stage. 

At the positive clock edge the information in the 10t0 register stage is transferred to the 11 th register stage and 
the OS output. 

DC CHARACTERISTICS 
V00 = 0 V. 

PARAMETER 
~V) 

SYMBOL 
Ta=b (°C) 

UNIT CONDITIONS -40 +25 +85 

MIN. MAX. MIN. MAX. MIN. MAX. 

output voltage 5 VOL - 0.75 - 0.75 — 1.5 V V, = V00 or Vpp; 
LOW; On 10 - 0.75 - 0.75 — 1.5 I to <20 mA 

15 - 0.75 - 0.75 - 1.5 

output leakage 5 IOZH - 2 - 2 - 15 µA Vo = 15 V 
current; HIGH; O 10 - 2 - 2 - 15 

15 - 2 - 2 - 15 
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Philips Semiconductors Objective specification 

12-stage shift-and-store register LED driver HEF4894B 

AC CHARACTERISTICS 
VSS = 0 V; T O,nb = 25 °C; input transition times ≤ 20 ns. 

PARAMETER VDD typical formula for P 
where: 
R oad = °O(V) (pW) f, = input frequency (MHz), 
f° = output frequency (MHz), 
CL = load capacitance (pF), 
E(f°CL) = sum of outputs 

Dynamic power 
dissipation per package 

5 
10 

1200 f + (f°CL) X VDD2
5550 f; + (f°CL) x VDD2

(P) 15 15000 f; + E(f°CL) X VDD2 VDD = supply voltage (V) 

AC CHARACTERISTICS 
VSS = 0 V; Ta b = 25 °C; CL = 50 pF; input transition times ≤ 20 ns. 

PARAMETER VDD 
(V) 

SYMBOL TYP. MAX. UNIT TYPICAL EXTRAPOLATIONFORMULA 

Propagation delay 5 160 320 132 ns + (0.55 ns/pF) CL
CP to Os 10 tpHL 65 130 ns 53 ns + (0.23 ns/pF) CL
HIGH to LOW 15 45 90 37 ns + (0.16 ns/pF) CL

Propagation delay 5 130 260 102 ns + (0.55 ns/pF) CL
CP to OS 10 tpLH 55 110 ns 44 ns + (0.23 ns/pF) CL
LOW to HIGH 15 40 80 32 ns + (0.16 ns/pF) CL

Propagation delay 5 120 240 92 ns + (0.55 ns/pF) CL
CP to OS 10 tPHL 50 100 ns 39 ns + (0.23 ns/pF) CL
HIGH to LOW 15 40 80 32 ns + (0.16 ns/pF) CL

Propagation delay 5 130 260 102 ns + (0.55 ns/pF) CL
CP to OS' 10 tPLH 60 120 ns 49 ns + (0.23 ns/pF) CL
LOW to HIGH 15 45 90 37 ns + (0.16 ns/pF) CL

Propagation delay 5 240 480 
CP to O, 10 tpZL 80 160 ns see note 1 
OFF to LOW 15 55 110 

Propagation delay 5 170 340 
CP to O 10 tPLZ 75 150 ns see note 1 
LOW to OFF 15 60 120 

Propagation delay 5 140 280 
STR to O, 10 tpZL 70 140 ns see note 1 
OFF to LOW 15 55 110 

Propagation delay 5 100 200 
STIR to O° 10 tp Z 40 100 ns see note 1 
LOW to OFF 15 35 70 

Output transition 5 85 170 35 ns + (1.0 ns/pF) CL
time; Os, Oa' 10 tTHL 40 80 ns 19 ns + (0.42 ns/pF) CL
HIGH to LOW 15 30 60 16 ns + (0.28 ns/pF) CL

Output transition 5 85 170 35 ns + (1.0 ns/pF) CL
time; Oa, Os' 10 tTLH 40 80 ns 19 ns + (0.42 ns/pF) CL
LOW to HIGH 15 30 60 16 ns + (0.28 ns/pF) CL

Note 
1. Definition of symbol equivalent to 3-state outputs. 

January 1995 753 



Philips Semiconductors Objective specification 

12-stage shift-and-store register LED driver 

AC CHARACTERISTICS 

Vss = 0 V; T8Ob = 25 °C; input transition times ≤ 20 ns. 

PARAMETER VDD typical formula for P 
where: 

Ri°ad = °° (V) (NW) f = input frequency (MHz), 
f° = output frequency (MHz), 
CL = load capacitance (pF), 
F(f°CL) = sum of outputs 

Dynamic power 
dissipation per package 

5 
10 

1200 f; + E(f°CL) x V DD2

5550 f + F(f°CL) x V DD2

(P) 15 15000 f; + E(f°CL) x VDD2 VDD = supply voltage (V) 

H EF4894B 

AC CHARACTERISTICS 
Vss = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times ≤ 20 ns. 

PARAMETER VDD 
(V) 

SYMBOL TYP. MAX. UNIT 
TYPICAL EXTRAPOLATION 

FORMULA 

Propagation delay 
CP to Os
HIGH to LOW 

5 
10 
15 

tPHL 

160 
65 
45 

320 
130 
90 

ns 
132 ns + (0.55 ns/pF) CL
53 ns + (0.23 ns/pF) CL
37 ns + (0.16 ns/pF) CL

Propagation delay 
CP to Os
LOW to HIGH 

5 
10 
15 

tPLH 
130 
55 
40 

260 
110 
80 

ns 
102 ns + (0.55 ns/pF) CL
44 ns + (0.23 ns/pF) CL
32 ns + (0.16 ns/pF) CL

Propagation delay 
CP to Os
HIGH to LOW 

5 
10 
15 

tPHL 
120 
50 
40 

240 
100 
80 

ns 
92 ns + (0.55 ns/pF) CL
39 ns + (0.23 ns/pF) CL
32 ns + (0.16 ns/pF) CL

Propagation delay 
CP to Os' 
LOW to HIGH 

5 
10 
15 

tpLH

130 
60 
45 

260 
120 
90 

ns 
102 ns + (0.55 ns/pF) CL
49 ns + (0.23 ns/pF) CL
37 ns + (0.16 ns/pF) CL

Propagation delay 
CP to O~ 
OFF to LOW 

5 
10 
15 

tPZL 

240 
80 
55 

480 
160 
110 

ns see note 1 

Propagation delay 
CP to O°
LOW to OFF 

5 
10 
15 

tPLz
170 
75 
60 

340 
150 
120 

ns see note 1 

Propagation delay 
STR to O°
OFF to LOW 

5 
10 
15 

tpZL

140 
70 
55 

280 
140 
110 

ns see note 1 

Propagation delay 
STR to O°
LOW to OFF 

5 
10 
15 

tp 2

100 
40 
35 

200 
100 
70 

ns see note 1 

Output transition 
time; OS, OS 
HIGH to LOW 

5 
10 
15 

t THL 

85 
40 
30 

170 
80 
60 

ns 
35 ns + (1.0 ns/pF) CL
19 ns + (0.42 ns/pF) CL
16 ns + (0.28 ns/pF) CL

Output transition 
time; Os, Os 
LOW to HIGH 

5 
10 
15 

tTLH 

85 
40 
30 

170 
80 
60 

ns 
35 ns + (1.0 ns/pF) CL
19 ns + (0.42 ns/pF) CL
16 ns + (0.28 ns/pF) CL

Note 
1. Definition of symbol equivalent to 3-state outputs. 
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Philips Semiconductors Objective specification 

12-stage shift-and-store register LED driver 

AC CHARACTERISTICS 
VSS = 0 V; Te b = 25 °C; CL = 50 pF; input transition times ≤ 20 ns. 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

output enable time 5 tpZL - 100 200 ns 
EO to O° 10 - 55 110 
OFF to LOW 15 - 50 100 

output disable time 5 tp2 — 80 160 ns 
EO to O 10 - 40 80 
LOW to OFF 15 - 30 60 

minimum clock pulse width 5 t, Cps 60 30 — ns 
LOW 10 30 15 -

15 24 12 -

minimum strobe pulse width 5 tWSTRH 80 40 — ns 
HIGH 10 60 30 - 

15 24 12 -

set-up time 5 tsu 60 30 - ns 
D to CP 10 20 10 -

15 15 5 - 

hold time 5 th0„ 5 -15 - ns 
D to CP 10 20 5 -

15 20 5 -

Maximum clock pulse frequency 5 f, 5 10 - MHz 
10 11 22 -
15 14 28 - 

HEF4894B 
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Philips Semiconductors Objective specification 

12-stage shift-and-store register LED driver HEF4894B 

clock input 

data input 

strobe input 

output enable input 

internal Op' (FF1) 

OD output 

internal O10' (FFt1) 

O10 output 

serial OS output 

serial OS output 

1 

U LJ -  __ __l  ~J 

Fig.5 Timing diagram. 

l
----

LI --- I  I 

n P 

APPLICATION INFORMATION 

An example of applications for the HEF4894B is: 
• Serial-to-parallel converting LED driver 

PWM dimmer input 

ADD 

I 

OQ O11 Oo
ADD 
D VDD HEF4894B Og' HEF4e94R 

 D 
EO SIR 
1

CF 

CONTROL AND 
SYNC CIRCUITRY 

EO SIR CP 

ADD 

O11 

O5' 

VSS I 

DATA CLOCK 

from remote 
processor 

Fig.6 LED driver register. 
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Philips Semiconductors Preliminary specification 

Dual precision monostable multivibrator HEF4938B 

FEATURES ORDERING AND PACKAGE INFORMATION 

• Separate reset inputs 
• Triggering from leading or 

trailing edge 
ICC category: MSI 

DESCRIPTION 

The HEF4938B is a dual 
retriggerable-resetable monostable 
multivibrator. Each multivibrator has 
an active LOW trigger/retrigger input 
(lo), an active HIGH trigger/retrigger 
input (11), an overriding active LOW 
direct reset input (C0), an output (O) 
and its complement (O), and two 
pins (CTC and RCTC) for connecting 
the external timing components C, 
and R,. Typical pulse width variation 
over temperature range is ±0.2%. 
The HEF4938B 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 
C, and R,. The output pulse width (T) 
is equal to R, x C. The linear design 
techniques in LOCMOS guarantee 
precise control of the output pulse 
width. A LOW level at C0 terminates 
the output pulse immediately. 
Schmitt-trigger action in the inputs 
makes the circuit highly tolerant for 
slower rise and fall times. 

FUNCTION TABLE 

INPUTS OUTPUTS 

0 11 Z`p O ZS 

T L H 
H T H . 
X X L L H 

H = H GH voltage level 
L = LOW voltage level 
X = state is immaterial 
T = positive-going transition 
l = negative-going transition 

r = positive output pulse 
= negative output pulse 

TYPE NUMBER 
PACKAGES 

PINS PIN POSITION MATERIAL CODE 
HEF4938B 16 DIL plastic SOT38Z 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 15 CTC A' CTC B external capacitor connections 

2, 14 RCTC A, RCTC B external capacitor/resistor connections 

3, 13 CDA, CD6 direct reset input (active LOW) 

4, 12 11A, 116 input (LOW-to-HIGH triggered) 

IoA, I6B input (HIGH-to-LOW triggered) 

6, 10 OA, O6 output 

7, 9 OA, O6 complementary output (active LOW) 

8 V6s ground (0 V) 

16 VD0 positive supply voltage 

2 RCTC A 

1 

5 

4 

3 

CTC A 

'0A 

1IA 

CD A 
14 RCTC B 

15 

11 

12 

13 

CTC B 

X16 

CD B q 

OA 6 

0 

OB 10 

OB 9 

Fig.2 Functional diagram. 
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Dual precision monostable multivibrator 

FUNCTION TABLE 

inputs outputs 

I0 11 Cp O O 

\ L H f U 
H f H f U 
X X L L H 

CTC 

C
tt
t

HEF 4938B 
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 
fl.= positive output pulse 
Lf = negative output pulse 

Rt

 I F— VDD 

RCTC 

° ~L
T= R t xCt

O Fig. 4 Connection of the external timing 
components Rt and C. 

7Z82337.1 

D.C. CHARACTERISTICS 

VSS=0V 

VDD 
V 

symbol —40 
typ. max. 

Tamb (° C) 

+25 
typ. max. 

+85 
typ. max. 

Supply current 
active state 
(see note) 

Input leakage 
current 
(pins 2 and 14) 

5 
10 
15 

15 

I p 

± I I N 

55 
150 
220 

300 1000 

µA 
µA 
µA 

nA 

Note 
Only one monostable is switching: current present during output pulse (output O is HIGH). 
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Philips Semiconductors Preliminary specification 

Dual precision monostable multivibrator H E F4938B 

AC CHARACTERISTICS 
VSS = 0 V; Temb = 25 °C; CL = 50 pF; input transition times ≤ 20 ns. 

TYPICAL 
PARAMETER O 

SYMBOL MIN. TYP. MAX. UNIT EXTRAPOLATION 
FORMULA 

Propagation delay 5 _ 200 460 173 ns + (0.55 ns/pF) CL
lo, I to O 10 tp L - 90 180 ns 79 ns + (0.23 ns/pF) CL
HIGH to LOW 15 — 60 120 52 ns + (0.16 ns/pF) CL

Propagation delay 5 _ 220 440 193 ns + (0.55 ns/pF) CL
I , l, to O 10 tPLH - 85 190 ns 74 ns + (0.23 ns/pF) CL
LOW to HIGH 15 — 60 120 52 ns + (0.16 ns/pF) CL

Propagation delay 5 _ 125 250 98 ns + (0.55 ns/pF) CL
CD to O 10 tpHL - 55 110 ns 44 ns + (0.23 ns/pF) CL
HIGH to LOW 15 — 40 80 32 ns + (0.16 ns/pF) CL

Propagation delay 5 _ 125 250 98 ns + (0.55 ns/pF) CL
CD to O 10 tpLH - 55 110 ns 44 ns + (0.23 ns/pF) CL
LOW to HIGH 15 — 40 80 32 ns + (0.16 ns/pF) CL

Recovery times 5 _ 20 40 

Co to lo, I, 10 tRCD - 10 20 ns 
15 — 5 10 

Retrigger times 5 0 _ _ 
O, O to lo, I 10 tRo 0 - - ns 
LOW to OFF 15 0 - -

Minimum output 5 90 45 - 
pulse width LOW 10 tW,OL 30 15 — ns 
l0 15 24 12 -

Minimum output 5 50 25 _ 
pulse width LOW 10 tw„H 24 12 — ns 
I, 15 20 10 - 

Output pulse width 5 9.3 10.0 10.6 

O, O 10 
15 

two 9.2 
9.1 

9.9 
9.8 

10.5 
10.4 

ms R = 100 kO; C = 100 nF 
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Philips Semiconductors Preliminary specification 

Dual precision monostabie multivibrator HEF4938B 

A.C. CHARACTERISTICS 

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

V~ 
v V symbol min. typ. max. 

Change in output O 5 ± 0,2 % 
pulse width over 10 ztWO ± 0,2 % 
temperature (Tamb) 15 ± 0,2 % 

Change in output O 
pulse width over tWO ± 1,5 % 
VD0 range 5 to 15 V 

Pulse width variation 5 ± 1 % r 
between circuits 10 ~tWO ± 1 % 1 Rt = 100 kSZ 

in same package 15 ± 1 % 1 Ct = 2 nF to 10µF 

External timing 
resistor Rt 5 — kSZ 

External timing 
capacitor Ct 2000 — no limits pF 

Input capacitance 
(pin 2 or 14) CIN 15 pF 

* 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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Philips Semiconductors Preliminary specification 

Dual precision monostable multivibrator HEF4938B 

1 INPUT 

( 10 =HIGH) 
/ 

50% 

J 

O INPUT 

1 11 = LOW) 

CO INPUT 

0 OUTPUT 

0 OUTPUT 

7Z82339.2 

f tWI1H y 

\50 % 

tWIOL 

r tPLH 

/50% 

50% 

tWOH -~ 

/ 

--t WOL 

tPLH 

tRO 

1 
 / 

tPHL 

tRCD 

50 % 

~ tWCDL' 
1 

1

tWOH 

1 
 / J 

tPLH tPHL 

tPLH 

Fig. 5 Waveforms showing minimum Ip, I1, 0 and CD pulse widths, recovery times and propagation delays. 
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Philips Semiconductors Preliminary specification 

Dual precision monostable multivibrator HEF4938B 
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 J  

3-STATE HEX NON-INVERTING BUFFER 

HEF40097B 
buffers 

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. 

16 15 14 13 12 11 10 1' I 
VDD E02 15 O5 16 O6 14 O4

HEF40097B 

E04 11 O1 12 O2 13 O3 VSS 

UWUHL51L6iWW 

7Z75394.1 

7Z69520.2 

Fig. 2 Pinning diagram. 

HEF40097BP(N): 16-lead DI L; plastic 
(SOT38-1) 

HEF40097BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF40097BT(D): 16-lead SO; plastic 
(SOT109-1) 

U: Package Designator North America 

PINNING 

11 to 16 

E04, E02 

O1 to Og 

Fig. 1 Functional diagram. 

FAMILY DATA 
see Family Specifications 

'DID LIMITS category BUFFERS 

buffer inputs 

enable inputs (active LOW) 

buffer outputs (active HIGH) 
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HEF40097B 
buffers 

D.C. CHARACTERISTICS 

VSS=0V 

15  O_- O 5

Fig. 3 Logic diagram. 

HEF VDD 
V 

VOH 
V 

VOL 
V symbol 

Tomb (° C) 

—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 -1OH 3,8 3,2 2,5 mA 

15 13,5 12,0 10,0 8,0 mA 

HIGH 5 2,5 -iOH 3,8 3,2 2,5 mA 

Output current 4,75 0,4 3,5 2,9 2,3 mA 
LOW 10 0,5 IOL 12,0 10,0 8,0 mA 

15 1,5 24,0 20,0 16,0 mA 

HEC VDD VOH VOL symbol —55

min. max. 

Tomb (° C) 
+25

min. max. 

+125

min. max. 
r 

Output current 5 4,6 1,25 1,0 0,6 mA 
HIGH 10 9,5 -1 O H 4,0 3,2 2,1 mA 

15 13,5 12,5 10,0 6,7 mA 

HIGH 5 2,5 - IOH 4,0 3,2 2,1 mA 

Output current 4,75 0,4 3,6 2,9 1,9 mA 
LOW 10 0,5 1OL 12,5 10,0 6,7 mA 

15 1,5 25,0 20,0 13,0 mA 
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3-state hex non-inverting buffer HEF40097B 
buffers 

J \ 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 0C; CL = 50 pF; input transition times S 20 ns 

VDD 
v 

symbol ym t yp' max. 
typical extrapolation 

formula 

Propagation delays 
In 1 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 19 ns+ (0,13 ns/pF) CL 

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 
EO2, EO4 1  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 
EO2, EO4 —+ 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 

VDD 
V 

typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

5400 fi + E(foCL) x VDD2
25200 fi + E(foCL) X VDD2
96 500 fi + E(foCL) x VDD2

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load cap. (pF) 
EIfoCL1 =sum of outputs 
VDD = supply voltage (V) 
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HEF40098B 
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 (EO4 and EO2). A HIGH on EO4 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 EO2 causes the 
outputs of the remaining two buffer elements to assume a high impedance or OFF-state regardless of 

the other input conditions. 

13

10 4 

T

O1
O 

O2 5 

  O3 
O- 

1 

E 

14 

12 

15 

6 

D~ 

O4

7Z84403 

7 
7Z69521.2 

16 15 14 13 12 11 10 I' 1 
VDp EO 2 15 O5 16 O6 14 O4

HEF40098B 

EO4 11 O1 12 O2 13 O3 VSS 

uuuuuuuu 

9 Fig. 2 Pinning diagram. 

HEF40098BP(N): 16-lead OIL; plastic 
(SOT38-1) 

HEF40098BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF40098BT(D): 16-lead SO; plastic 
13 (SOT109-1) 

U: Package Designator North America 

11 PINNING 

11 to 16 buffer inputs 

EO4, EO2 enable inputs (active LOW) 

O1 to O6 buffer outputs (active LOW) 

Fig. 1 Functional diagram. 

FAMILY DATA 

IDD LIMITS category BUFFERS J
see Family Specifications 

1 
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HEF40098B 
buffers 

I.
__i  > 

O1

2 

3 

EO4 -)

Fig. 3 Logic diagram. 

D.C. CHARACTERISTICS 

VSS = 0 V 

HEF VDD VOH VOL symbol 
Tamb (° C) 

—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 -IOH 3,8 3,2 2,5 mA 

15 13,5 12,0 10,0 8,0 mA 

HIGH 5 2,5 -IOH 3,8 3,2 2,5 mA 

Output current 4,75 0,4 3,5 2,9 2,3 mA 
LOW 10 0,5 IOL 12,0 10,0 8,0 mA 

15 1,5 24,0 20,0 16,0 mA 

HEC VDD VOH VOL symbol —55

min. max. 

Tamb (° C) 
+25

min. max. 

+125 

min. max. 

Output current 5 4,6 1,25 1,0 0,6 mA 
HIGH 10 9,5 -IOH 4,0 3,2 2,1 mA 

15 12,5 12,5 10,0 6,7 mA 

HIGH 5 2,5 -IOH 4,0 3,2 2,1 mA 

Output current 4,75 0,4 3,6 2,9 1,9 mA 
LOW 10 0,5 IOL 12,5 10,0 6,7 mA 

15 1,5 25,0 20,0 13,0 mA 
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3-state hex inverting buffer 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

VDD 
v 

symbol 
y

t yp' 
max. 

typical extrapolation 
formula 

Propagation delays 
In —►On 5 80 160 ns 70 ns + (0,20 ns/pF) CL 

HIGH to LOW 10 tPHL 35 70 ns 31 ns+(0,08 ns/pF) CL 
15 25 50 ns 22 ns + (0,06 ns/pF) CL 

5 65 130 ns 50 ns+ (0,30 ns/pF) CL 
LOW to HIGH 10 tPLH 30 60 ns 24 ns+ (0,13 ns/pF) CL 

15 25 50 ns 23 ns+ (0.05 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 
EO2, EO4 On 5 45 85 ns 

HIGH 10 tPHZ 35 65 ns 
15 30 60 ns 

5 65 135 ns 
LOW 10 tPLZ 40 80 ns 

15 35 70 ns 

Output enable times 
EO2, EO4 —► On 5 70 140 ns 

HIGH 10 tpZH 35 75 ns 
15 30 65 ns 

5 90 185 ns 
LOW 10 tpZL 40 85 ns 

15 35 70 ns 

Dynamic power 
dissipation per 
package (P) 

VDD 
V 

5 
10 
15 

typical formula for P (µW) 

5000 fi + E(foCL) x VDDZ
22800 f1+ E(foCL) X VDDZ
81 000 fi + E(foCL) x VDDZ

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load cap. (pF) 
E(fOCL) =sum of outputs 
VDD = supply voltage (V) 
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HEF40106B 
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. 

3 2 

5 3 

9 

11 '5 

13 6 

O1

O2

O3

4 

b 5 10 

O6 12 

7Z74608.1 

14 13 12 11 10 I' I I ° I 

VDD 16 O6 15 O5 14 O4 

_) HEF40106B 

11 O1 12 O2 13 O3 VSS

Uuuuuuu 
7Z 74609 

Fig. 2 Pinning diagram. 

HEF40106BP(N): 14-lead DIL; plastic 
(SOT27-1) 

HEF40106BD(F): 14-lead DIL; ceramic (cerdip) 
(SOT73) 

HEF40106BT(D): 14-lead SO; plastic 
(SOT108-1) 

( I: Package Designator North America 

In — 
V V ~ On 

7Z84164 

Fig. 1 Functional diagram. Fig. 3 Logic diagram (one inverter). 

FAMILY DATA 

'DID LIMITS category GATES 1 see Family Specifications 

(Janua 1995 773 



HEE40106B 
gates 

D.C. CHARACTERISTICS 

VS5 = 0 V; Tamb = 25 oC 

VDDV symbol min. typ. max. 

Hysteresis 5 0,5 0,8 V 
voltage 10 VH 0,7 1,3 V 

15 0,9 1,8 V 

Switching levels 5 2 3,0 3,5 V 
positive-going 10 Vp 3,7 5,8 7 V 
input voltage 15 4,9 8,3 11 V 

negative-going 5 1,5 2,2 3 V 
input voltage 10 VN 3 4,5 6,3 V 

15 4 6,5 10,1 V 

V0

VH
VN

V1

VP 7269995 2 

Fig. 4 Transfer characteristic. 

VI

7Z84130.1 

VD

Fig. 5 Waveforms showing definition of Vp, VN and VH, where VN and Vp are between limits of 
30% and 70%. 
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Hex inverting Schmitt trigger HEF40106B 
/ gates 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

VDD 
V symbol typ. max. 

typical extrapolation 
formula 

Propagation delays 
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 

VDD V typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

2 300 fi + E(foCL) x VDDZ
9000 fi + E(foCL) x VDDZ

20000 fi + E(foCL) x VDDZ

1 
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HEF40106B 
gates 

J  

50 

7Z84167 

0 
0 25 Vi (V) 5 

1000 

Ip 

(µA) 

500 

7284168 

00 
5 V 1 (V) 10 

Fig. 6 Typical drain current as a function of Fig. 7 Typical drain current as a function of 
input voltage; Vpp = 5 V; Tamb = 25 °C. input voltage; Vpp = 10 V; Tamb = 25 °C• 

2000 

Ip 
(µA) 

1000 

7Z84169 

0 
0 10 V 1 (V) 20 

Fig. 8 Typical drain current as a function of 
input voltage; Vpp = 15 V; Tamb = 25 °C. 
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Hex inverting Schmitt trigger 

10 

VI

1V► 

5 

0 
2,5 

 J  
HEF40106B 

gates 

7Z84163 

Vp 

75 

VN 

12,5 VDD (V) 

Fig. 9 Typical switching levels as a function of supply voltage VDD; Tamb = 25 °C. 

R 

7Z84165 

Fig. 10 Schmitt trigger driven via a high impedance ( R > 1 k&2). 

7,5 

If a Schmitt trigger is driven via a high impedance 1 R > 1 kS2) then it is necessary to incorporate a 
C VDD—VSS

capacitor C of such value that: C > 
V 

, otherwise oscillation can occur on the edges of a pulse. 
p H 

Cp is the external parasitic capacitance between input and output; the value depends on the circuit 
board layout. 
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HEF40106B 
gates 

APPLICATION INFORMATION 

Some examples of applications for the HEF40106B are: 

• Wave and pulse shapers 
• Astable multivibrators 
• Monostable multivibrators. 

Fig. 11 The HEF40106B used as an astable multivibrator. 
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HEF40160B 
MSI 

4-BIT SYNCHRONOUS DECADE COUNTER 

WITH ASYNCHRONOUS RESET 

The HEF401608 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 (P0 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 (O0 to O3) 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 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 (O0 = O3 = HIGH, O1 = O2 = LOW) and when CET is HIGH. A LOW 
on MR sets all outputs (O0 to O3 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. 

9 

3 4 5 6 

PE 

10 CET 

P 2 P3

  PARALLEL LOAD CIRCUITRY 

7 CEP 

2 CP 

1 MR 
 O 

INH D
CP DECADE COUNTER 
CD

O0 O1

FAMILY DATA 

14 13 

O2

12 

O 

TC 15 

11 7Z75109.2 

Fig. 1 Functional diagram. 

see Family Specifications 
IDD LIMITS category MSI 
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4-bit synchronous decade counter with asynchronous reset 

16 15 14 13 12 11 10 I'  I 
VDD TC O0 O1 O2 O3 CET PE 

HEF40160B 

MR CP PO P1 P2 P3 CEP VSS 

uuuuuuuu 

7Z75112.1 

Fig. 3 Pinning diagram. 

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 

PINNING 

PE 
PO to P3 
CEP 
CET 
CP 

MR 
O0 to O3 
TC 

HEF40160B 
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 

HEF40160BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF40160BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF40160BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

TERMINAL COUNT GENERATION 

CET (O0 O1.O2 O3) TC 

L L L 
L H L 
H L L 
H H H 

TC = CET OR O1 O2O3 

Fig. 4 State diagram. 

7Z75086 
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HEF40160B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times 20 ns 

VDD V typical formula for P (µW) 
where 
fi = input freq. (MHz) 
f°  = output freq. (MHz) 
CL = load capacitance (pF) 
E(fOCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1 200 fi + E(fOCL) x VDDZ
5600 fi + E(foCL) x VDDZ

16000 fi + E(foCL) x VDDZ

A.C. CHARACTERISTICS 

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

VDD 
v 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
CP On 5 110 220 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 

5 115 230 ns 88 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 45 95 ns 34 ns+ (0,23 ns/pF) CL 

15 35 65 ns 27 ns+ (0,16 ns/pF) CL 

CP 1  TC 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 35 75 ns 27 ns+ (0,16 ns/pF) CL 

5 140 280 ns 113 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 55 115 ns 44 ns+ (0,23 ns/pF) CL 

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

CET — TC 5 105 210 ns 78 ns+ (0,55 ns/pF) CL 
HIGH to LOW 10 tpHL 50 100 ns 39 ns+ (0,23 ns/pF) CL 

15 35 75 ns 27 ns+ (0,16 ns/pF) CL 

5 90 185 ns 63 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 

MR — ► On 5 120 245 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 

MR --► TC 5 145 295 ns 118 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 

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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4-bit synchronous decade counter with asynchronous reset 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25°C; CL = 50 pF; input transition times 5 20 ns 

HEF40160B 
MSI 

VDD 
V symbol min. typ. max. 

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 see also waveforms 
PE ► CP 10 tsu 40 20 ns Figs 5, 6, 7 and 8 

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 —i CP 10 thold 10 -10 ns 

15 5 —10 ns 

5 15 —45 ns _ 
PE --► CP 10 thold 5 —15 ns 

15 5 —10 ns 

5 25 —105 ns 
CEP, CET —' CP 10 thold 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 

1 
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HEF40160B 
MSI 

CP INPUT 

 J \ 

MR INPUT 50% 

1 

O0 OUTPUT 

~ t WMRL~ 

ftWCPL_.. 

\50% 

J 

- t RMR 

7275097,1 

Conditions 

PE = LOW 

PO to P3 = HIGH 

Fig. 5 Waveforms showing minimum CP and MR pulse widths and MR to CP recovery time. 

CP INPUT 

CEP INPUT 

CET INPUT 

On OUTPUT 

tsu 

t hold thold 

Fig. 6 Waveforms showing set-up times and hold times for CEP and CET inputs. 
7Z75093.1 

f tsu 

Conditions: PE = MR = HIGH. 
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4-bit synchronous decade counter with asynchronous reset 

r t su 

CP INPUT 

 l 

Pn INPUT 

On OUTPUT 

VA 

50% 

50% 

- thold 

r t su 

.. t hold 

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. 

HEF40160B 
MSI 

Conditions 

PE = LOW 

MR = HIGH 

Condition 

MR = HIGH 

Note 

Set-up and hold times are shown as positive values but may be specified as negative values. 
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HEF40160B 
MS I 

MR U (asynchronous) 

PE 

PO _J 
P1 J 
P2

P3

CP 

CEP 

CET 

L 

I 
L 

L 

r 

TC 

reset preset 

9 0 1 2 3 

count 

Fig. 9 Timing diagram. 

inhibit 
7Z85112 
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4-bit synchronous decade counter with asynchronous reset 

APPLICATION INFORMATION 

An example of an application for the HEF40160B is: 
• Programmable decade counter. 
clock 

CEP 
CET 
CP 
MR 

PE PO P1 P2 P3 

HEF40160B TC 

O0 O1 O2 O3

HEF40160B 

O 

HEF40160B 

HEF40160B 

HEF40160B 
MSI 

NOTE 

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. 

7Z851 t4 
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HEF40161B 
MSI 

4-BIT SYNCHRONOUS BINARY COUNTER 

WITH ASYNCHRONOUS RESET 

The HEF40161B is a fully synchronous edge-triggered 4-bit binary counter with a clock input (CP), an 
overriding asynchronous master reset (MR), four parallel data inputs (P0 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 (O0 to O3) 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 PD 
to P3 regardless of the levels of CEP and CET 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 CET are HIGH; otherwise, no change occurs in the state of the counter. TC is HIGH 
when the state of the counter is 15 (O1 to O3 = HIGH) and when CET is HIGH. A LOW on MR sets 
all outputs (Op to O3 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. 

9 PE 

10 

2 

1 

CET

t 
CEP 

CP 

MR 

3 I4 5 6 

JI 
P1 P2 P3 

PO

 O PARALLEL LOAD CIRCUITRY 

 O 

INH D
CP BINARY COUNTER 
CD

O0 O1 2 3 

15 

14 13 12 111 

Fig. 1 Functional diagram. 

FAMILY DATA 
see Family Specifications 

7Z85115 

IDD LIMITS category MSI 
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HEF40161B 
MSI 
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4-bit synchronous binary counter with asynchronous reset 

16 15 14 13 12 11 10 I' I 

VDD TC O0 O1 O2 O3 CET PE 

HEF40161B 

MR CP PO P1 P2 P3 CEP VSS 

WWWHL6JLJWL81 
7Z74566 

Fig. 3 Pinning diagram. 

HEF40161BP(N): 16-lead DIL; plastic (SOT38-1) 
HEF40161 BD(F): 16-lead DIL; ceramic (cerdip) (SOT74) 
HEF40161BT(D): 16-lead SO; plastic (SOT109-1) 
( ): Package Designator North America 

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 

0 

 J \ 

HEF40161B 
MSI 

PINNING 

PE parallel enable input 
PD to P3 parallel data inputs 
CEP count enable parallel input 
CET count enable trickle input 
CP clock input (LOW to HIGH, 
_ edge-triggered) 
MR master reset input (active LOW) 
O0 to O3 parallel outputs 
TC terminal count output 

TERMINAL COUNT GENERATION 

CET (O0 O1O2 O3) TC 

L L L 
L H L 
H L L 
H H H 

TC = CET O0 O1 O2 O3 

Fig. 4 State diagram. 

7Z75087 
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HEF40161B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; input transition times ( 20 ns 

VDD V typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1 200 fi + E(foCL) x VDDZ
5600 fi + E(foCL) x VDDZ

16000 fi + E(foCL) x VDDZ

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

VDD 
v 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
CP —+► On 5 110 220 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 

5 115 230 ns 88 ns+ (0,55 ns/pF) CL 

LOW to HIGH 10 tPLH 45 95 ns 34 ns + (0,23 ns/pF) CL 
15 35 65 ns 27 ns + (0,16 ns/pF) CL 

CP — TC 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 35 75 ns 27 ns+ (0,16 ns/pF) CL 

5 140 280 ns 113 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 55 115 ns 44 ns + (0,23 ns/pF) CL 

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

CET --+ TC 5 105 210 ns 78 ns+ (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 50 100 ns 39 ns+ (0,23 ns/pF) CL 

15 35 75 ns 27 ns + (0,16 ns/pF) CL 

5 90 185 ns 63 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 

MR On 5 120 245 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 

MR — TC 5 145 295 ns 118 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 

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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4-bit synchronous binary counter with asynchronous reset 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 5 20 ns 

HEF40161B 
MSI 

Vv 
symbol min. typ. max. 

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 —0- CP 10 tsu 40 20 ns 

15 30 15 ns 

5 120 60 ns see also waveforms 
PE —► CP 10 ts~ 40 20 ns Figs 5, 6, 7 and 8 

15 25 10 ns 

5 260 130 ns 
CEP,CET 0-CP 10 tsu 100 50 ns 

15 70 35 ns 

Hold times 5 20 —35 ns 
Pn 1 CP 10 thold 10 -10 ns 

15 5 —10 ns 

5 15 —45 ns 
PE CP 10 thold 5 —15 ns 

15 5 —10 ns 

5 25 —105 ns 
CEP, CET --► CP 10 thold 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 
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HEF40161B 
MSI 

-tWCPL-

CP INPUT 

MR INPUT 50% 

1 

O0 OUTPUT 

. tWMRL~ 

i 50% 

tRMR 

7275097.1 

Conditions 

PE = LOW 

PO to P3 = HIGH 

Fig. 5 Waveforms showing minimum CP and MR pulse widths and MR to CP recovery time. 

CP INPUT 

CEP INPUT 

CET INPUT 

On OUTPUT 

i 

f tsu 

r thold 

tsu 

/50% 

t thold 

7Z75093.1 

tsu 

Fig. 6 Waveforms showing set-up times and hold times for CEP and CET inputs. 

Condition: PE = MR = HIGH. 
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4-bit synchronous binary counter with asynchronous reset 

CP INPUT 

P~ INPUT 

On OUTPUT 

y r tsu 

50% 

^~— thold 

y 

50% 

i 

f tsu 

—thold 

7Z75096.1 

Fig. 7 Waveforms showing set-up times and hold times for Pn inputs. 

t su 

CPINPUT 50% 

-~ _ thold thold 

PE INPUT 50% 

O~ OUTPUT 

7Z75094.1 

Fig. 8 Waveforms showing set-up times and hold times for PE input. 

HEF40161B 
MS I 

Conditions 

PE = LOW 

MR = HIGH 

Condition 

MR = HIGH 

Note 
Set-up and hold times are shown as positive values but may be specified as negative values. 
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HEF40161B 
MSI 

 J~ 

MR 

PE 

PO

P1

U (asynchronous) 

U 

r 

2J 

P3 J 

CP 

CEP 

CET 

IL  

O0 

O1

O2

O3 — 

TC 

12 1
I
3 14 15 0 1 2 

count 
reset preset 

Fig. 9 Timing diagram. 

inhibit 
7Z85113 
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4-bit synchronous binary counter with asynchronous reset 

APPLICATION INFORMATION 

An example of an application for the HEF40161 B is: 

• Programmable binary counter. 
clock 

CEP PE 
'0 P1 P2 P3 

CET 
CP 

HEF40161B IC 1 
-a MR O0 O1 O2 O3

b 

HEF40161B 

b 

HEF40161B 

HEF40161B 

HEF40161B 

HEF40161B 
MSI 

NOTE 

On the TC outputs, glitches can occur 
during counting. In totally synchronous 
mode they will not have any adverse affect. 
However the IC output in asynchronous 
mode can cause problems. 

Fig. 10 Synchronous multi-stage 
♦ counting scheme. 

7Z85119 
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HEF40162B 
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 (P0 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 (O0 to O3) 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 (O0 = O3 = HIGH, O1 = O2 = LOW) and when CET is HIGH. A LOW on SR sets all out-
puts (O0 to O3 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. 

9 

1 

10 

7 

2 

3 4 5 6 

P P2 3 
PE O PARALLEL LOAD CIRCUITRY O 
SR 
CET 

CEP 

CP 
INK 

D 

CP DECADE COUNTER 
TC 

IO0 1O1 N2 IO3 
1 14 13 12 11 

Fig. 1 Functional diagram. 

FAMILY DATA 
see Family Specifications 

IDD LIMITS category MSI 
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4-bit synchronous decade counter with synchronous reset 

16 15 14 13 12 11 10 I' I 
PINNING 

PE 
VDD TC O0 O1 O2 O3 CET PE PO to P3 

CEP 
HEF40162B CET 

CP 
SR CP PO P1 P2 P3 CEP VSS _ 

SR HWL JLJuu 
7275111. O0 to O3 

TC 
Fig. 3 Pinning diagram. 

HEF40162BP(N): 16-lead DIL; plastic (SOT38-1) 
HEF40162BD(F): 16-lead Dl L; ceramic (cerdip) (SOT74) 
HEF40162BT(D): 16-lead SO; plastic (SOT109-1) 
( ): Package Designator North America 

SYNCHRONOUS MODE SELECTION 

SR PE CEP CET mode 

H 
H 
H 
H 
L 

L 
H 
H 
H 
X 

X 
L 
X 
H 
X 

X 
X 
L 
H 
X 

preset 
no change 
no change 
count 
reset 

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

 J  HEF40162B 
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 (O0 O1 O2 O3) TC 

L L L 
L H L 
H L L 
H H H 

TC = CET O0 O1 O2O3 

Fig. 4 State diagram. 

7Z75096 
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HEF40162B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times S 20 ns 

VD D typical formula for P (µW) 
where 

ut freq. (MHz) n— P q• 
i 

fo = output freq. (MHz) 
Dynamic power 5 1 200 fi + E(foCL) x VDDZ CL = load capacitance (pF) 

dissipation per 10 5600 fi + E(f0CL) x VDDZ E(foCL) = sum of outputs 
package (P) 15 16000 fi + E(foCL) x VDDZ VDD = supply voltage (V) 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25°C; CL = 50 pF; input transition times 5 20 ns 

VDD V symbol min. typ. max. 
typical extrapolation 

formula 

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

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

5 115 230 ns 88 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 45 95 ns 34 ns + (0,23 ns/pF) CL 

15 35 65 ns 27 ns+ (0,16 ns/pF) CL 

CP —i TC 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 35 75 ns 27 ns+ (0,16 ns/pF) CL 

5 140 280 ns 113 ns + (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 55 115 ns 44 ns+ (0,23 ns/pF) CL 

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

CET —► TC 5 105 210 ns 78 ns+ (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 50 100 ns 39 ns+ (0,23 ns/pF) CL 

15 35 75 ns 27 ns+ (0,16 ns/pF) CL 

5 90 185 ns 63 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 

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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4-bit synchronous decade counter with synchronous reset 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

HEF40162B 
MS I 

VDD 
V 

symbol min. typ. max. 

Minimum clock 5 100 50 ns 
pulse width; LOW 10 tWCPL 40 20 ns 

15 30 15 ns 

Set-up times 5 110 55 ns 
Pn -s 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 see also waveforms 
SR CP 10 tsu 20 10 ns Figs 5, 6, 7 and 8 

15 15 10 ns 

Hold times 5 20 —35 ns 
Pn --. CP 10 thold 10 -10 ns 

15 5 —10 ns 

5 15 —45 ns 
PE —+ CP 10 thold 5 —15 ns 

15 5 —10 ns 

5 25 —105 ns 
CEP, CET —CP 10 thold 15 —35 ns 

15 10 —25 ns 

5 15 —10 ns 
SR CP 10 thold 5 —5 ns 

15 5 0 ns 

Maximum clock 5 2,5 5 MHz 
pulse frequency 10 fmax 7 14 MHz 

15 9 18 MHz 

1 
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HEF40162B 
MSI 

 J  

f t WCPL~ 

CP INPUT 

SR INPUT 

O0 OUTPUT 

f tsu 

/50% 

hold 

t su 

f t hold 

7775095.1 

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. 

t su — — 'su 

CP INPUT 

CEP INPUT 

su 

CET INPUT 

On OUTPUT 

7275093.1 
Fig. 6 Waveforms showing set-up times and hold times for CEP and CET inputs. 

Condition: PE = SR = HIGH. 
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Obit synchronous decade counter with synchronous reset 

J  

CP INPUT 

Pn INPUT 

On OUTPUT 

su 

/50% 

► ~thold 

tsu 

..._ thold 

7Z75096.1 

Fig. 7 Waveforms showing set-up times and hold times for Pn inputs. 

tsu 0 - t su 

CP INPUT /50% 

thold thold 

PE INPUT 50% 

On OUTPUT 

 I' 
7Z75094.1 

Fig. 8 Waveforms showing set-up times and hold times for PE input. 

HEF40162B 
MSI 

Conditions 

PE = LOW 

SR = HIGH 

Condition 

SR= HIGH 

Note 

Set-up and hold times are shown as positive values but may be specified as negative values. 

1 January 1995 805 



HEF40162B 
MSI 

SR ~J  (synchronous) 

PE II
PO J 

P1

P2 J 
P3

CP 

CEP 

CET 

i 
L 

1 
L 

 i 
L  —

r 
 I  

TC 

reset preset 

9 

i 

0 1 2 3 

count 

Fig. 9 Timing diagram. 

inhibit 
7Z85117 
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4-bit synchronous decade counter with synchronous reset 

APPLICATION INFORMATION 

An example of an application for the HEF40162B is: 

• Programmable decade counter. 
clock 

I I I I 
CEP PE PO P1 P2 P3 

CET 
OP 
SR 

HEF40162B TO 

O0 O1 O2 O3

I I 

HEF40162B 

-c 
I I I 

-c 
HEF40162B 

I I I I 

I I I I 

HEF40162B 

I I I I 

I I I I 

-c 
HEF40162B 

1 I 1 1 

HEF40162B 
MSI 

NOTE 

On the IC outputs, glitches can occur 
during counting. In totally synchronous 
mode they will not have any adverse 
affect. However the TO output in 
asynchronous mode can cause problems. 

Fig. 10 Synchronous multi-stage 
counting scheme. 

7285120 
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HEF40163B 
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 (P0 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 (O0 to O3) 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 (O0 to O3 = HIGH) and when CET is HIGH. A LOW on SR sets all outputs (O0 to 
O3 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. 

9 

1 
10 

7 

2 

3 4 5 6 

1 P0 P1 P2 I P3 

a 

PARALLEL LOAD CIRCUITRY 

INH 
D 

CP BINARY COUNTER 

FAMILY DATA 

IDD LIMITS category MSI } 

O2 O3

TC

14 13 12 11 

Fig. 1 Functional diagram. 

see Family Specifications 

7Z85116 

15 

1 
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HEF40163B 
MSI 
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4-bit synchronous binary counter with synchronous reset 

VDD TC O0 O1 O2 O3 CET PE 

D HEF40163B 

SR CP PO P1 P2 P3 CEP VSS 

7274572 

Fig. 3 Pinning diagram. 

HEF40163BP(N): 16-lead DIL; plastic (SOT38-1) 
HEF40163BD(F): 16-lead DIL; ceramic (cerdip) (SOT74) 
HEF40163BT(D): 16-lead SO; plastic (SOT109-1) 
( ): Package Designator North America 

HEF40163B 
MSI 

PINNING 

PE parallel enable input 
PO to P3 parallel data inputs 
CEP count enable parallel input 
CET count enable trickle input 
CP clock input (LOW to HIGH, 
_ edge-triggered) 
SR synchronous reset input (active 

LOW) 
O0 to O3 parallel outputs 
TC terminal count output 

SYNCHRONOUS MODE SELECTION 

SR PE CEP CET mode 

H 
H 
H 
H 
L 

L 
H 
H 
H 
X 

X 
L 
X 
H 
X 

X 
X 
L 
H 
X 

preset 
no change 
no change 
count 
reset 

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

10 

TERMINAL COUNT GENERATION 

CET (O0 O1 O2 O3) TC 

L L L 
L H L 
H L L 
H H H 

6 

0 

TC = CET O0 O1 O2O3 

Fig. 4 State diagram. 

7275087 
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HEF40163B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 0C; input transition times < 20 ns 

VDD V typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1 200 fi + E(foCL) x VDD2
5 600 fi + E(fOCL) x VDD2

16000 fi + E(foCL) x VDD2

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

VDD 
v 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
CP --► On 5 110 220 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 

5 115 230 ns 88 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 45 95 ns 34 ns+ (0,23 ns/pF) CL 

15 35 65 ns 27 ns+ (0,16 ns/pF) CL 

CP ---► TC 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 35 75 ns 27 ns+ (0,16 ns/pF) CL 

5 140 280 ns 113 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tpLH 55 115 ns 44 ns+ (0,23 ns/pF) CL 

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

CET —+ TC 5 105 210 ns 78 ns+ (0,55 ns/pF) CL 
HIGH to LOW 10 tPHL 50 100 ns 39 ns+ (0,23 ns/pF) CL 

15 35 75 ns 27 ns+ (0,16 ns/pF) CL 

5 90 185 ns 63 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 

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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Obit synchronous binary counter with synchronous reset J L HEF40163B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 0C; CL = 50 pF; input transition times 6 20 ns 

VDD 
V symbol min. typ. max. 

Minimum clock 5 100 50 ns 
pulse width; 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 
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 thold 10 —10 ns 
15 5 —10 ns 

5 15 —45 ns 
PE ---. CP 10 thold 5 —15 ns 

15 5 —10 ns 

5 25 —105 ns 
CEP, CET—►CP 10 thold 15 —35 ns 

15 10 —25 ns 

5 15 —10 ns 
SR --► CP 10 thold 5 —5 ns 

15 5 0 ns 

Maximum clock 5 2,5 5 MHz 
pulse frequency 10 fmax 7 14 MHz 

15 9 18 MHz 

' ) 
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HEF40163B 
MSI 

f t WCPL —~ 

CP INPUT 

SR INPUT 

f t su 

150%

O0 OUTPUT 

f t hold 

su 

t hold 

7275095.1 

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 

r -  t su 

50% 

thold 

f tsu 

f tsu 

/ \ / 
f thold 

O 

4
Fig. 6 Waveforms showing set-up times and hold times for CEP and CET inputs. 

Condition: PE = SR = HIGH. 

7Z75093.1 
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Obit synchronous binary counter with synchronous reset 

CP INPUT 

f tsu. 

/50% 

.. thold 

Pn INPUT 

f t  su 

. thold 

On OUTPUT 

7275096.1 

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 input. 

HEF40163B 
MSI 

Conditions 

PE = LOW 

~R= HIGH 

Condition 

SR= HIGH 

Note 

Set-up and hold times are shown as positive values but may be specified as negative values. 

1 
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HEF40163B 
MSI 

SR 

PE 

PO

P1

(synchronous) 

Li 

P2 

]11 
P3 J 

CP 

CEP 

CET 

O0

O1

O2

O3

IC 

r ---
J 

r — 

L 

L 

reset 

12 13 14 15 0 1 2 

F count 
preset 

Fig. 9 Timing diagram. 

inhibit 
7285118 

816 January 1995 I 



4-bit synchronous binary counter with synchronous reset 

 1 

APPLICATION INFORMATION 

An example of an application for the HEF40163B is: 

• Programmable binary counter. 
clock 

—O 

CEP PE PO P1 1 2 P3 

CET 
CP 
SR 

HEF40163B TC 

O0 O1 O2 O3

I I I I 

-a 
HEF40163B 

I I I ► 

—a 
HEF40163B 

I I I 

cL I I

HEF40163B 

-o 

HEF40163B 

I I I • 

HEF40163B 
MSI 

NOTE 

On the TC outputs, gl itches 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. 

7285121 
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HEF40174B 
MSI 

HEX D-TYPE FLIP-FLOP 

The HEF40174B is a hex edge-triggered 0-type flip-flop with six data inputs (DO to 05), a clock input 
(CP), an overriding asynchronous master reset input (MR), and six buffered outputs (00 to 05). 
Information on DO to 05 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 (00 to 05 = LOW) independent of CP and DO to 05. 

9 

3 4 6 1 14 

CP 

DO

D 0 

CP FF 
1 

C 

O 

1 MR 0O

FF 
2 

FF 
3 

~ p

D3

FF 
4 

O4

FF 
5 

Dry

FF 
6 

0 1 2 03 04 05

7273706.2 2 

7273705 

Fig. 2 Pinning diagram. 

5 7 

Fig. 1 Functional diagram. 

HEF40174BP(N): 16-I3ad DIL; plastic 
(SOT38-1) 

HEF40174BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF40174BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

FAMILY DATA l see Family 

IDD LIMITS category MSI 
Specifications 

10 12 15 

PINNING 

DO to 05 data inp .its 

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

MR master reset input (active LOW) 

OO to 05 buffered outputs 

FUNCTION TABLE 

inputs output 

0 CP D MR 

I H H H 
I 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 

Janua,y 1995 R19 
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MSI 
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Hex D-type flip-flop 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

HEF40174B 
MSI 

VDD 
v 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
CP — ► 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 20 45 ns 12 ns+ (0,16 ns/pF) CL 

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) CL 

MR — On 5 85 175 ns 58 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 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 20 10 ns 
Dn — CP 10 tsu 10 5 ns 

15 10 5 ns 

Hold time 5 10 0 ns 
Dn —► CP 10 thold 5 0 ns 

15 5 0 ns 

Minimum clock 5 70 35 ns 
pulse width; LOW 10 tWCPL 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 10 fmax 15 30 MHz 

15 20 45 MHz 

VDD 
V typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

3500 fi + E(foCL) x VDDZ
16000 f1+ E(foCL) x VDDZ
42 000 fi + E(fOCL) x VDDZ

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

1 
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HEF40174B 
MSI 

CP INPUT 

D INPUT 

MR INPUT \50O/O 

4--

50°% 

7273793.7 

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 
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HEF40175B 
MSI 

QUADRUPLE D-TYPE FLIP-FLOP 

The HEF40175B is a quadruple edge-triggered D-type flip-flop with four data inputs (D0 to D3), a 
clock input (CP), an overriding asynchronous master reset input (MR), four buffered outputs (O0 to 
O3), and four complementary buffered outputs (O0 to O31. Information on D0 to D3 is transferred to 
O0 to O3 on the LOW to HIGH transition of CP if MR is HIGH. When LOW, MR resets all flip-flops 
(O0 to O3 = LOW, O0 to O3 = HIGH), independent of CP and D0 to D3. 

9 

4 5 12 13 

CP 

D0

D O 

CP FF 
1 
O 

CD

FF 
2 

D2

FF 
3 

1 AI

7273708.2 3 

D3

FF 
4 

O O O O2 O3

2 6 7 

Fig. 1 Functional diagram. 

Fig. 2 Pinning diagram. 

HEF40175BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF40175BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF40175BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

FAMILY DATA I see Family 

'DID LIMITS category MSI 1 Specifications 

11 10 14 

O3 

15 

PINNING 

D0 to D3 data inputs 

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

MR master reset input (active LOW) 

O0 to O3 buffered outputs 

O0 to O3 complementary buffered outputs 

FUNCTION TABLE 

inputs outputs 

CP D MR U O 

I 
f 
\. 
X 

H 
L 
X 
X 

H 
H 
H 
L 

H 
L 

no change 
L 

L 
H 

no change 
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 
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Quadruple D-type flip-flop 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

HEF40175B 
MSI 

VDD
v symbol min. typ. max. 

typical extrapolation 
formula 

Propagation delays 
CP ' 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 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 

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 thold 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 tWM R L 30 15 ns 

15 20 10 ns 

Recovery time 5 0 -30 ns 
for MR 10 tRMR 0 -20 ns 

15 0 —15 ns 

Maximum clock 5 5 11 MHz 
pulse frequency 10 fmax 15 30 MHz 

15 20 45 MHz 
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HEF40175B 
MSI  J  

A.C. CHARACTERISTICS 

V33 = 0 V; Tamb = 25 OC; input transition times 20 ns 

VDD typical = typical formula for P (µW) 
where 

input freq. (MHz) 
fo = output freq. (MHz) 

Dynamic power 5 2000 fi + E(fOCL) x VDDz CL = load capacitance (pF) 
dissipation per 10 8400 fi + E(foCL) x VDDz E(foCL) = sum of outputs 
package (P) 15 22 500 fi + E(foCL) x VDDz VDD = supply voltage (V) 

CP INPUT 

Dn INPUT 

MR INPUT 

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 
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HEF40192B 
MSI 

4-BIT UP/DOWN DECADE COUNTER 

The HEF40192B is a 4-bit synchronous up/down decade counter. The counter has a count-up clock 
input (CPU), a count-down clock input (CPD), an asynchronous parallel load input (PL), four parallel 
data inputs (P0 to P3), an asynchronous master reset input (MR), four counter outputs (O0 to O3), an 
active LOW terminal count-up (carry) output (TCU) and an active LOW terminal count-down (borrow) 
output (TCD). 

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 TCD 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 TCD will go LOW when the circuit is in the zero state and CPD 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 

11 PL 
o 

PO P1 P2 P3

PARALLEL LOAD 
CIRCUITRY 

I I I I 
5 CPU CD/SD

TCU 12 

4 CPD UP/DOWN 

14 MR 
COUNTER 

CD
TCD 13 

O0 O1 O2 O3

3 2 6 7 
7269546.3 

Fig. 1 Functional diagram. 

72695211 

Fig. 2 Pinning diagram. 

HEF40192BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF40192BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF40192BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

PINNING 

PL parallel load input (active LOW) 

PO to P3 parallel data inputs 

CPU count-up clock pulse input (LOW to HIGH, edge-triggered) 

CPD count-down clock pulse input (LOW to HIGH, edge-triggered) 

MR master reset input (asynchronous) 

TCU buffered terminal count-up (carry) output (active LOW) 

TCD buffered terminal count-down (borrow) output (active LOW) 

O0 to O3 buffered counter outputs 

FAMILY DATA 

'DD LIMITS category MSI 

l 

J see Family Specifications 
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4-bit up/down decade counter 

a 
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C 
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Fig. 3 Logic diagram (continued). 
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HEF40192B 
M51

FUNCTION TABLE 

MR PL CPU CPD mode 

H 
L 
L 
L 

X 
L 
H 
H 

X 
X 
I 
H 

X 
X 
H 
r 

reset (asyn.) 
parallel load 
count-up 
count-down 

  count up ---- count down 

Fig, 4 State diagram. 

A.C. CHARACTERISTICS 

~Z69s75 

V55 = 0 V; Tamh = 25 °C; input transition times c  20 ns 

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

= positive-going transition 

Logic equations for terminal count: 

TCU = O0.O3 CPU 

TCD = O0 01 O2 O3 CPD 

VDD 
V 

typical formula for P (µW1 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 

Dynamic power 5 550 fi +  (fOCL) x VDD2 CL = load capacitance (pF) 
dissipation per 10 2400 fi + E(foCL) x VDD2 (foCL) = sum of outputs 
package (P1 15 6500 fi + E(f° CL) x VDD2 VDD = supply voltage (V) 

830 January 1995 
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4-bit up/down decade counter 

J \ 
A.C. CHARACTERISTICS 

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

HEF40192B 
MS I 

Vpp 
V symbol min. typ. max. 

typical extrapolation 
formula 

Propagation delays 
CPO On 5 210 415 ns 183 ns+ (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 85 165 ns 74 ns+ (0,23 ns/pF) CL 
15 60 120 ns 52 ns + (0,16 ns/p F) 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 

CPp — ► 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 

CPO —► 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 

CPp TCp 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 —► TC0 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 1  TCp 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 ns+ (0,16 ns/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 

1 
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HEF40192B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

VDD 
V 

symbol min. typ. max. 
typical extrapolation 

formula 

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 5 160 80 ns 
P PL 10 tsu 60 30 ns 

15 50 25 ns 

Hold time 5 10 -70 ns 
Pn 1 PL 10 thold 5 —25 ns 

15 5 —20 ns 

Minimum CPU or CPp 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 tWMRH 70 35 ns 

15 60 30 ns see also waveforms 

Minimum PL 5 120 60 ns Fig. 5 

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 
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4-bit up/down decade counter HEF40192B 
MSI 

CPU or CPp 
INPUT 

PL INPUT 

P~ INPUT 

MR INPUT 

f -  tWCPL'~ 

50

- tWPLL tRPL~

+ 50O/O 150O/O

50 ° /a 50% 

tWMRH~~tRMRi

/50O/O 50°% 

7Z69717.1 

Fig. 5 Waveforms showing recovery times for PL and MR, minimum pulse widths for CPU, CPp, PL 
and MR, and set-up and hold times for P to ft . Set-up times and hold times are shown as positive 
values but may be specified as negative values. 
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HEF40192B 
MSI 

I 

MR I 
PL 

P0] 

P1 J 
P2 J 
P3 1 
CPU

CP0

O0

O1

O2

O3

TCU

TC0

I 

COUNT 0 7 8 9 0 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. 

1 

clock PO P1 P2 P3 

up —CPU HEF40192B clock _ Cp 
down 0O0 O1 O2 O3 MR 

MR 

PL 

2 1 9 8 7 
7Z84173 

f t I 

TC U 
0 P1 P2 P3

CPU TCU --CARRY 

TC 0 CP 
HEF40192B 

0O0
TC0 — BORROW 

PL O1 O2 O3 MR PL 

7Z84171 

834 January 1995 

Fig. 7 Example of cascaded HEF40192B ICs. 



HEF40193B 
MSI 

 J  

4-BIT UP/DOWN BU'IARY COUNTER 

The HEF40193B is a 4-bit synchronous up/down binary counter. The counter has a count-up clock 
input (CPU), a count-down clock input (CPD), an asynchronous parallel load input (PL), four parallel 
data inputs (P0 to P3), an asynchronous master reset input (MR), four counter outputs (O0 to O3), an 
active LOW terminal count-up (carry) output (TCU) and an active LOW terminal count-down (borrow) 
output (TCD). 

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 outputsl'U and TCD 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 TCD will go LOW when the circuit is in the zero state and CPD 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 

11 PL 
O 

PO P1 P2 P3

PARALLEL LOAD 
CIRCUITRY 

I I I 
5 CPU CD/SD TC U 12 

4 CPD UP/DOWN 

14 MR 
COUNTER 

CD
TCD 13 

O0 O1 O2 O3

3 2 6 7 

Fig. 1 Functional diagram. 

PINNING 

PL 

PO to P3 

CPU 

CPD 

MR 

TCU 

TCD 

O0 to O3 

7Z69546.3 

72635231 

Fig. 2 Pinning diagram. 

HEF40193BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF40193BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF40193BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

parallel load input (active LOW) 

parallel 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 
see Family Specifications 

'DO LIMITS category MSI 

1 
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Fig. 3 Logic diagram (continued on next page). 
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4-bit up/down binary counter 

J  
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PZ P3 CPp CPS

HEF40193B 
MSI 

flY 
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Fig. 3 Logic diagram (continued). 
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FUNCTION TABLE 

MR PL CPU CPD mode 

H 
L 
L 
L 

X 
L 
H 
H 

X 
X 
1 
H 

X 
X 
H 
S 

reset (asyn.) 
parallel load 
count-up 
count-down 

count up ----count down 7Z69576 

Fig. 4 State diagram. 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times < 20 ns 

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

Logic equations for terminal count: 

TCU = Op O1 O2 O3 CPU 

TCD = O0 O1 • O2 O3 CPD 

VDD 
V typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

600 ₹i + E(foCL) x VDD2
2700 fi + E(foCL) x VDD2
7500 fi + E(foCL) x VDD 2

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 
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4-bit up/down binary counter 

A.C. CHARACTERISTICS 

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

HEF40193B 
MS I 

Vpp 
V symbol min. typ. max. 

typical extrapolation 
formula 

Propagation delays 
CPU — ► On 5 210 415 ns 183 ns+ (0,55 ns/pF) CL 

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 

CPp --. On 5 210 425 ns 183 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 85 170 ns 74 ns+ (0,23 ns/pF) CL 

15 60 125 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 

CPp TCp 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 --► TCp 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 ns+ (0,16 ns/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 

1 
( " JanuarY  1995 839 



HEF40193B 
MSI 

A.C. CHARACTERISTICS 

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

VDT 
V symbol min. typ. max. 

typical extrapolation 
formula 

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 5 160 80 ns 
Pn —~ PL 10 tsu 60 30 ns 

15 50 25 ns 

Hold time 5 10 -70 ns 
Pn PL 10 thold 5 —25 ns 

15 5 —20 ns 

Minimum CPU or CPp 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 tWMRH 70 35 ns 

15 60 30 ns see also waveforms 

Minimum PL 5 120 60 ns Fig. 5 

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 
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4-bit up/down binary counter 

 J  

CPU or CPp
INPUT 

PL INPUT 

P INPUT 

i MR INPUT 

~— tWCPL 

/50O/O 50°% 

HEF40193B 
MSI 

7Z69711.1 

Fig. 5 Waveforms showing recovery times for PL and MR, minimum pulse widths for CPU, CPp, 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 

PO J 
P1 I 
P2 J 
P3 ] 

CPU

CPD

O0

O1

O2

O3

TCU

TCD

COUNT 0

L 

I 
L 

13 14 15 0 1 2 

Fig. 6 Timing diagram. 

APPLICATION INFORMATION 

Some examples of applications for the HEF40193B are: 

• Up/down difference counting 
• Multistage ripple counting 
• Multistage synchronous counting 

clock 
up 

clock _ 
down 

MR 

PL 

CP 
PO 

P1 P2 P3 TC 

CPU 
HEF40193B TCU

D D 
O0 O1 O2 O3 MR PL 

1 1 1 1 

1 

U 
0 15 

CPU P1 P2 P3 TCU

CPU 
HEF40193B TC

D D 
O0 O1 O9 O MR PL 

1 1 1 

7Z84172 

14 13 
7Z84174 

—CARRY 

— BORROW 
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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 (S0 and S1), a 
clock input (CP), a serial data shift left input (DSL), a serial data shift right input (DSR), four parallel 
data inputs (P0 to P3), an overriding asynchronous master reset input (MR), and four buffered parallel 
outputs (O0 to O3). When LOW, MR resets all stages and forces O0 to O3 LOW, overriding all other 
input conditions. When MR is HIGH, the operation mode is controlled by S0 and S1 as shown in the 
function table. 

Serial and parallel operation are edge-triggered on the LOW to HIGH transition of CP. The inputs at 
which the data are to be entered and S0. S1 must be stable for 

a set-up time before the LOW to HIGH 
transition of CP. 

9 

2 3 4 5 6 7 

S0
DSR PO P1 P2 P3 DSL 

10 Si

11 CP 

CONTROL LOGIC 

1 MR
 o 

D0 O0

FF1 to FF4 

O0 O1 O 2 O 3

7274252.2 

Fig. 1 Functional diagram. 

PINNING 

S0, S1 

PD to P3 

DSR 

DSL 
CP 
MR 

O0 to O3 

15 14 13 12 

Fig. 2 Piiming diagram. 

HEF40194BP(N): 16-!ead DIL; plastic 
(SOT38-1) 

HEF40194BD(F): 16-lead DI L; ceramic (cerdip) 
(SOT74) 

HEF40194BT(D): 16-lead SO; plastic 
(SOT109-1) 

( ): Package Designator North America 

mode control inputs 

parallel data inputs 

serial data shift right input 

serial data shift left input 

clock input (LOW to HIGH edge-triggered) 

master reset input (active LOW) 

buffered parallel outputs 

FAMILY DATA 
see Family Specifications 

'DID LIMITS category MSI 

(Janua 1995 843 



n 

HEF40194B 
MSI 

J 
N 

D 

 D° 

r 
0 10 

LL a ❑ 

d 0 
❑ 0 

D 

O 10 ❑ 
a O 

00 

Do 

O 
LL 

10 

LL ❑ 
a O 

❑ 0 

D 

0 ❑ 
N V) (I) 

a 

O LL 10 
LL ❑ 

a O 
❑ 0 

4 
0 

 p~o 
F

ig
. 3

 
L

o
g

ic
 d

ia
gr

am
. 

844 January 1995 I I 



4-bit bidirectional universal shift register 

 J  
FUNCTION TABLE 

HEF40194B 
MSI 

operating mode 

inputs (MR = HIGH) outputs at to + 1 

S1 S0 DSR DSL PO to P3 O0 O1 O2 O3 

hold L L X X X O0 O1 O2 O3 

shift left 
H 
H 

L 
L 

X 
X 

L 
H 

X 
X 

O1 
O1 

O2 
O2 

O3 
O3 

L 
H 

shift right 
L 
L 

H 
H 

L 
H 

X 
X 

X 
X 

L 
H 

O0 
O0 

O1 
O1 

O2 
O2 

parallel load 
H 
H 

H 
H 

X 
X 

X 
X 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

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

to + 1 = state after next LOW to HIGH transition of CP 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times 5 20 ns 

VDD V typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load cap. (pF) 
E(fOCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1 500 fi + E(foCL) x VDD2
6900 fi + E(fOCL) x VDD2

18900 fi + E(foCL) x VDD2

1 
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HEF40194B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

VDD 
v 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
CP — On 5 100 205 ns 73 ns + (0,55 ns/pF) CL 

HIGH to LOW 10 tPHL 40 85 ns 29 ns+(0,23 ns/pF) CL 
15 30 60 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 25 55 ns 17 ns+ (0,16 ns/pF) CL 

MR On 5 85 175 ns 58 ns+ (0,55 ns/pF) CL 
HIGH to LOW 10 tpHL 40 80 ns 29 ns-F (0,23 ns/pF) CL 

15 30 60 ns 22 'is +(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 'is +(0,42 ns/pF) CL 

15 20 40 ns 6 'is +(0,28 ns/pH CL 

Set-up times 5 80 40 ns 

Pm OSR, OSL ► CP 10 tsu 30 15 ns 
15 20 10 ns 

5 140 70 ns 
Sn —► CP 10 tsu 60 30 ns 

15 40 20 ns 

Hold times 5 10 -30 ns 
Pn, OSR• OSL -► CP 10 thold 5 —10 ns 

15 5 —5 ns 

5 25 —45 ns 
Sn --► CP 10 thold 15 —15 ns 

15 10 -10 ns see also waveforms 

Minimum clock 5 50 25 ns Figs 4 and 5 

pulse width; LOW 10 tWCPL 20 10 ns 
15 20 10 ns 

Minimum MR pulse 5 80 40 ns 
width; LOW 10 tWMRL 40 20 ns 

15 30 15 ns 

Recovery time 5 30 10 ns 
for MR 10 tRMR 15 5 ns 

15 15 5 ns 

Maximum clock 5 6 12 MHz 
pulse frequency 10 fmax 15 30 MHz 

15 20 40 MHz 
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4-bit bidirectional universal shift register 
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HEF40194B 
MSI s~ 

SO,S1 INPUT 

CP INPUT 

?Z74254I 

Fig. 5 Waveforms showing set-up times and hold times for S0 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. 

848 January 1995 I I 



HEF40195B 
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 (P0 to P3), two synchronous serial data inputs (J, K), a synchronous 
parallel enable input (PE), buffered parallel_ outputs from all 4-bit positions (O0 to O3), a buffered 
inverted output from the last bit position (O3) and an overriding asynchronous master reset input 
(MR). Each register 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 K and all 
the data in the register are 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 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 (O0 to O3 = LOW, O3 = HIGH) independent of all other 
input conditions. 

9 

4 5 6 7 

PE 

2 J 

3 K 

10 CP 

2 3 

PARALLEL ENABLE CIRCUITRY 

1 MR 
 3 

CP 0 D1 D2 D3
C SHIFT REGISTER 4 -BITS 

D 

7269827 

Fig. 2 Pinning diagram. 

FAMILY DATA 

O0 O1 O2 O 3 O 3

15 14 13 12 11 
7Z69826.3 

Fig. 1 Functional diagram. 

HEF40195BP(N): 16-lead DIL; plastic 
(SOT38-1) 

HEF40195BD(F): 16-lead DIL; ceramic (cerdip) 
(SOT74) 

HEF40195BT(D): 16-lead SO; plastic 
(SOT109-1) 

I I: Package Designator North America 

see Family Specifications 

'OD LIMITS category MSI 
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MSI 
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Obit universal shift register 

PINNING 

PE parallel enable input (active LOW) 

Pp to P3 parallel data inputs 

J first stage J-input (active HIGH) 

K first stage K-input (active LOW) 

CP clock input (LOW to HIGH edge triggered) 

MR master reset input (active LOW) 

Op to O3 buffered parallel outputs 

O3 buffered inverted output from last stage 

FUNCTION TABLE 

HEF40195B 
MSI 

operating mode 
inputs (MR = HIGH) outputs at to + 1 

PE J K Pp P1 P2 P3 Op O1 O2 O3 O3 

shift mode 

H 
H 
H 
H 

L 
L 
H 
H 

L 
H 
L 
H 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

L 
Op 
Op 
H 

Op 
Op 
Op 
Op 

O1 
O1 
O1 
O1 

O2 
O2 
O2 
O2 

O2 
O2 
O2 
O2 

parallel entry mode L 
L 

X 
X 

X 
X 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

H 
L 

H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X =state is immaterial 
to + 1 =state after next LOW to HIGH transition of CP 

1 
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HEF40195B 
MSI 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times < 20 ns 

VDT 
v symbol min. typ. max. 

typical extrapolation 
formula 

Propagation delays 
CP -b.  On 5 105 215 ns 78 ns+ (0,55 ns/pF) CL 

HIGH to LOW 10 tpHL 50 95 ns 39 ns+ (0,23 ns/pF) CL 

15 35 65 ns 27 ns+(0,16 ns/pF) CL 

5 90 180 ns 63 ns+ (0,55 ns/pF) CL 

LOW to HIGH 10 tpLH 45 85 ns 34 ns+ (0,23 ns/pF) CL 

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

CP O3 5 125 255 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 

5 120 240 ns 93 ns + (0,55 ns/pF) CL 

LOW to HIGH 10 tPLH 50 105 ns 39 ns+ (0,23 ns/pF) CL 

15 35 75 ns 27 ns+ (0,16 ns/pF) CL 

MR --► On 5 100 205 ns 73 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 

5 125 235 ns 98 ns+ (0,55 ns/pF) CL 
LOW to HIGH 10 tPLH 55 115 ns 44 ns+ (0,23 ns/pF) CL 

15 40 85 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 tTLH 30 60 ns 9 ns+ (0,42 ns/pF) CL 

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

852 January 1995 



4-bit universal shift register 

A.C. CHARACTERISTICS 

V5S = 0 V; Tamb = 25 °C; CL = 50 pF; input transition times 20 ns 

HEF40195B 
MS I 

VDDV symbol min. typ. max. 

Set-up times 5 70 35 ns 
J, K —► CP 10 tsu 20 10 ns 

15 10 5 ns 

5 85 40 ns 
Pn --r CP 10 tsu 25 10 ns 

15 10 5 ns 

5 115 55 ns 
PE —'CP 10 tsu 45 20 ns 

15 30 15 ns 

Hold times 5 15 —20 ns 
J, K — CP 10 thold 5 —5 ns 

15 0 —5 ns 

5 20 —25 ns 
Pn — ► CP 10 thold 10 —5 ns 

15 0 —5 ns see also waveforms 

5 10 -50 ns Figs 4 and 5 

PE ---► CP 10 thold 5 —20 ns 
15 5 —10 ns 

Minimum clock 5 60 30 ns 
pulse width; LOW 10 tWCPL 25 10 ns 

15 20 10 ns 

Minimum MR 5 100 50 ns 
pulse width; HIGH 10 tWMRL 40 20 ns 

15 30 15 ns 

Recovery time 5 30 10 ns 
for MR 10 tRMR 15 5 ns 

15 15 5 ns 

Maximum clock 5 5 10 MHz 
pulse frequency 10 fmax 14 28 MHz 

15 19 39 MHz 

VDD 
V typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

1900 fi + E(foCL) x Vpp2
8300 f1 + E(f° CL) x VDDZ

22800 fi + E(fOCL) x Vpp2

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance(pF) 
E (foCL) = sum of outputs 
Vpp=supplyvoltage (V) 
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Obit universal shift register 

J \ 

PE INPUT 

CP INPUT 

7Z69830.2 

HEF40195B 
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 
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HEF40240B 
buffers 

 J  

OCTAL INVERTING BUFFERS WITH 
3-STATE OUTPUTS 

The HEF40240B 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 EOq and EOB.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 HEF40240B is pin and functionally compatible with the TTL'240' device. 

7Z86699 

Fig. 1 Functional diagram. 

EOA I 1 

Al  2 

OB4 13 

A2 1 4 

°B3 IT
A3  6 

OB2  7 

A4 1 8 

O81 

f
1 9 

us5 f 10 

HEF40240B 

7Z86700 

201 ADD 

19 EOB

18 OA1 

17  164 

6 °A2 

15 183 

14  OA3 

13 82 

121 OA4 

11  1B1 

Fig. 2 Pinning diagram. 

HEF40240BP(N): 20-lead DIL; plastic (SOT146-1) 
HEF40240BD(F): 20-lead DIL; ceramic (cerdip) (SOT152) 
HEF40240BT(D): 20-lead SO; plastic (SOT163-1) 
U: Package Designator North America 

PINNING 

IA1 to IA4 1 inputs 
IB1 to 1B4 
OA1 to OA4 1 bus outputs 
OB1 to OBq 
EOA, EOB output enable inputs (active LOW) 

FAMILY DATA 
`see Family Specifications 

'DI) LIMITS category buffers i 

1 
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HEF40240B 
buffers 

TRUTH TABLE 

I — 

EO 

7Zes701 

Fig. 3 Logic diagram (one buffer). 

inputs output 

In EO On

H L L 
L L H 
X H Z 

H = HIGH state (the more 
positive voltage) 

L = LOW state (the less 
positive voltage) 

X = state is immaterial 
Z = high impedance off 

state 

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=0V 

± 1I max. 10 mA 

± IO max. 25 mA 

± I max. 100 mA 

parameter 
VDD 

V 

VOH 

V 

VOL 

V 
symbol —40 

min. typ. 

Tamb (°C) 
+25 

min. typ. 
+85 

min. typ. 
unit 

Output current 5 3,6 — —IOH 9,3 - 10,0 24,0 10,7 - mA 
HIGH 10 8,4 - -1OH 14,4 - 15,0 46,0 15,0 - mA 

15 13,2 - -IOH 19,5 - 20,0 62,0 19,8 — mA 

Output current 5 4,6 — —IOH 0,75 - 0,6 1,2 0,45 - mA 
HIGH 10 9,5 - -1OH 1,85 - 1,5 3,0 1,1 - mA 

15 13,5 - -1OH 14,5 - 15,0 50,0 15,5 — mA 

Output current 5 — 0,4 IOL 2,9 - 2,3 5,4 1,75 - mA 
LOW 10 - 0,5 IOL 9,5 - 7,6 17,0 5,50 - mA 

15 - 1,5 IOL 30,0 - 25,0 45,0 19,0 — mA 

Hysteresis 5 — — VH — — — 220,0 — — mV 
voltage 10 - - VH - - - 250,0 — — mV 
(any input) 15 — — VH — — — 320,0 — — mV 

858 January 1995 



Octal inverting buffers with 3-state outputs 

(VDD - V0H) (V) 
-2 -I 

HEF40240B 
buffers 

 J  

(1) P-channel MOS transistor conducting. 
0 0 (2) P-channel MOS transistor and bipolar 

n-p-n transistor conducting. 
1I 
- VD D -5V 

2) 

7Z85536 

25 

50 

75 

SOH 
(mA) 

100 

J N 

7Z85534 

V00 

0 

VSS 

Fig. 4 Typical output source current characteristic. Fig. 5 Schematic diagram of output stage. 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times < 20 ns 

all buffers switching VDD 
V typical formula for P (µW) 

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E (foCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

4 250 fi + r (foCL) x VDD2
17 000 fi + E (foCL) x VDD2
46 000 fi + (fOCL) x VDD2

1 (Janua 1995 



HEF40240B 
buffers / \ 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 5 20 ns 

parameter Vv 0 symbol min. typ. max. unit 
typical extrapolation 

formula 

Propagation delays 
~An/Bn °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 9  °An/en 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 

Output transition 5 40 80 ns 
times 10 tTHL 20 40 ns 

HIGH to LOW 15 15 30 ns 
see Fig. 6 

5 30 60 ns 
LOW to HIGH 10 tTLH 20 40 ns 

15 15 30 ns 

3-state propagation 
delays 

Output disable times 
EO —> OAn/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 —> OAn/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 

January 1995 



Octal inverting buffers with 3-state outputs 

104

tTHL 

tTLH 
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7Z85537.1 
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10 102 03 CL (PF) 104

HEF40240B 
buffers 

Fig. 6 Output transition times as a function of the load capacitance. 

-- tTLH%  tTHL• 
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HEF40244B 
buffers 

OCTAL BUFFERS WITH 3-STATE OUTPUTS 

The HEF40244B 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 EOg. 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. 

Al N OA1 

A 

6 1A3 

8 A4 

11 

EO 

B 

0 A2 

18 

16 

CN...  OA3

 t 

C OA4 

13 B 

t 

 N.  OB2

15 B 

17 164 

19 EOg

7Z83579.1 

Fig. 1 Functional diagram. 

FAMILY DATA 

'DID LIMITS category buffers 

14 

12 

9 

7 

5 

3 

EOA

'Al 

OB4 

IA2 

0 B3 

IA3 

Ogg 

IA4 

O61 

vSS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

HEF40244B 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

VDD 

EOg

OA1 

1B4 

0A2 

1B3 

0 A3 

IB2 

0A4 

1B1 

7Z83578.1 

Fig. 2 Pinning diagram. 

HEF40244BP(N): 20-lead DIL; plastic (SOT146-1) 
HEF40244BD(F): 20-lead DIL; ceramic (cerdip) (SOT152) 
HEF40244BT(D): 20-lead SO; plastic (SOT163-1) 
( ): Package Designator North America 

see Family 
Specifications 

PINNING 

IA1 to IA4 
IB1 to 164 1 
OA1 to OA4 
OB1 to OB4 J 
EDA,EOB 

inputs 

bus outputs 

output enable inputs (active LOW) 

January 1995 863 



HEF40244B 
buffers 

J \ 

7Z85535 

Fig. 3 Logic diagram (one buffer). 

TRUTH TABLE 

inputs output 

In EO On

H L H 
L L L 
X H Z 

H = HIGH state (the more 
positive voltage) 

L = LOW state (the less 
positive voltage) 

X = state is immaterial 
Z = high impedance off state 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I 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 

V55=0V 

± II 

± 1O 
±1 

max. 10 mA 

max. 25 mA 

max. 100 mA 

VDD 
V 

VOH 
V 

VOL 
V 

symbol 
—40 

min. typ. 

Tamb (° C) 
+ 25 

min. typ. 
+ 85 

min. typ. 

Output current 5 4,6 0,75 0,6 1,2 0,45 mA 
HIGH 10 9,5 -'OH 1,85 1,5 3,0 1,1 mA 

15 13,5 14,5 15 50 15,5 mA 

Output current 5 3,6 9,3 10 24 10,7 mA 
HIGH 10 8,4 -'OH 14,4 15 46 15,0 mA 

15 13,2 19,5 20 62 19,8 mA 

Output current 5 0,4 2,9 2,3 5,4 1,75 mA 
LOW 10 0,5 IOL 9,5 7,6 17 5,50 mA 

15 1,5 30,0 25 45 19,0 mA 

Hysteresis 5 220 mV 
voltage 10 VH 250 mV 
(any input) 15 320 mV 
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Octal buffers with 3-sitate outputs 

(VDD—VOH) (VI 
-2 --1 

-Vpp=5V 1 

10V 

(2) 
15V 

7Z85536 

-25 

50 

75 

IOH 
(mA) 

100 

HEF40244B 
buffers 

(1) P-channel MOS transistor conducting. 
(2) P-channel MOS transistor and bipolar 

n-p-n transistor conducting. 

7Z85534 

Fig. 4 Typical output source current characteristic. Fig. 5 Schematic diagram of output stage. 

A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 2E; OC; input transition times 20 ns 

all buffers 
switchingswitching 

Vpp 
V 

typical formula for P (µW) 
where 

= input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(fOCL) = sum of outputs 
VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

4 250 fi + E(fOCL) x VDD2
17 000 fi + E(fOCL) x VDD2
46 000 fi + E(fOCL) x VDD2

1 
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HEF40244B 
buffers 

 J 
A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 OC; CL = 50 pF; input transition times 20 ns 

VDT 
V symbol mm. typ. max. 

typical extrapolation 
formula 

Propagation delays 
~An/Bn OAn/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 

~ANBn DAn/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 

Output transition 5 40 80 ns 
times 10 tTHL 20 40 ns 

HIGH to LOW 15 15 30 ns 

5 30 60 ns see Fig. 6 

LOW to HIGH 10 tTLH 20 40 ns 
15 15 30 ns 

3-state propagation 
delays 

Output disable times 
EO 4 OANBn 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 OAn/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 
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Octal buffers with 3-state outputs 

104
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buffers 

Fig. 6 Output transition times as a function of the load capacitance. 
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HEF40245B 
/ 

\  
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 EQ. 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. 

DR 

A0

Al

A2

A3

A4

A5

A6 

A7

VS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

HEF40245B 

20 

19 

18 80 

17 B1

16 B2 

15 B3 

14 

7Z83580 

Fig. 1 Pinning diagram. 

FAMILY DATA 

PINNING 

A0 to A7 data input/output 

B0 to B7 data input/output 

DR direction input 

VDD EO output enable input (active LOW) 

EO HEF40245BP(N): 20-lead OIL; plastic (SOT146-1) 
HEF40245BD(F): 20-lead DIL; ceramic (cerdip) (SOT152) 
HEF40245BT(D): 20-lead SO; plastic (SOT163-1) 
( ): Package Designator North America 

An

L_ 

~D 
 c~ 

7Z85532 

Fig. 2 Logic diagram; for functional diagram see Fig. 3. 

f see Family Specifications. 
'DD LIMITS category buffers 
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HEF40245B 
buffers 

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 

(VDD—VOH) (V) 

-2 -1 0 
0 

-VDD=5V (1) 

10V 

1
(2) 

15V 

7Z85536 

-25 

50 

75 

IOH 
(mA) 

(1) P-channel MOS transistor conducting. 
(2) P-channel MOS transistor and bipolar 

n-p-n transistor conducting. 

100 

Fig. 4 Typical output source current characteristic. 

VDD 

VSS 

7Z85534 

Fig. 5 Schematic diagram of 
output stage. 

Fig. 3 Functional diagram. 
7Z83581 

870 January 1995 



Octal bus transceiver with 3-state outputs 

J \ 
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=0V 

HEF40245B 
buffers 

± II max. 10 mA 
± IO max. 25 mA 

± I max. 100 mA 

VDD 
V 

VOH 
V 

VOL 
V 

symbol —40 
min. max. 

Tamb (° C) 
+ 25 

min. typ. max. 
+ 85 

min. max. 

Output current 
HIGH 

Output current 
HIGH 

Output current 
LOW 

Hysteresis 
voltage 
(any input) 

3-state 
input/output 
leakage current 
pins An or Bn

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

15 

4,6 
9,5 

13,5 

3,6 
8,4 

13,2 

0,4 
0,5 
1,5 

-IOH 

-'OH 

IOL 

VH 

Ioz* 

0,75 
1,85 

14,5 

9,3 
14,4 
19,5 

2,9 
9,5 

30,0 

— 1,6 

0,6 
1,5 

15 

10 
15 
20 

2,3 
7,6 

25 

— 

1,2 
3,0 

50 

24 
46 
62 

5,4 
17 
45 

220 
250 
320 

— 1,6 

0,45 
1,1 

15,5 

10,7 
15,0 
19,8 

1,75 
5,50 

19,0 

— 12 

mA 
mA 
mA 

mA 
mA 
mA 

mA 
mA 
mA 

mV 
mV 
mV 

µA 

* Relevant output in OFF-state; An at VSS or VDD; Bn at VSS or VDD. 
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HEF40245B 
buffers 

 J  
A.C. CHARACTERISTICS 

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

VDD 
V 

symbol mm. typ. max. 
typical extrapolation 

formula 

Propagation delays 
An 1  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 

Output transition 5 40 80 ns 
times 10 tTH L 20 40 ns 

F+IGH to LOW 15 15 30 ns 

5 30 60 ns 
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 5 100 200 ns 

HIGH 10 tpHZ 50 100 ns 
15 40 80 ns 

5 100 200 ns 
LOW 10 tpLZ 60 120 ns 

15 50 100 ns 

Output enable times 
EO —► An, Bn 5 100 200 ns 

HIGH 10 tpZH 45 90 ns 
15 35 70 ns 

5 115 230 ns 
LOW 10 tpZL 55 110 ns 

15 45 90 ns 

all buffers 
switching 

VDD 
V typical formula for P (µW) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

4 250 fi + E(fOCL) x VDD2
17 000 fi + E(fOCL) x VDDZ
46 000 fi + E(foCL) x VDDZ

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(fOCL) = sum of outputs 
VDD = supply voltage (V) 
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Octal bus transceiver with 3-state outputs 

104

tTHL 
tTLH 
(ns) 

103

102

10 

7Z85537.1 

Vpp=5Vç--

/
/

'VDD-5V 

10V 
15V 

I I 

i 

i 

//~ 

/ 
Y/

/ 
/ 

i 
/ 

10 02 03 CL PF) 04

HEF40245B 
buffers 

Fig. 6 Output transition times as a function of the load capacitance. 

  tTLH% — — — — tTHL• 
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HEF40373B 
MSI 

OCTAL TRANSPARENT LATCH WITH 3-STATE OUTPUTS 

The HEF40373B 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 E is 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. 

7Z83575 

PINNING 

D0 to D7 
E
EO 
O0 to O7 

Fig. 1 Functional diagram. 

data inputs 
latch enable input 
output enable input (active LOW) 
3-state buffered outputs 

FAMILY DATA I 

7283574 

Fig. 2 Pinning diagram. 

HEF40373BP(N): 20-lead DIL; plastic 
(SOT146-1) 

HEF40373BD(F): 20-lead DIL; ceramic (cerdip) 
(SOT152) 

HEF40373BT(D): 20-lead SO; plastic 
(SOT163-1) 

( ): Package Designator North America 

see Family Specifications 
IDD LIMITS category MSI 

1 
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Octal transparent latch with 3-state outputs 

FUNCTION TABLE 

HEF40373B 
MSI 

operating modes 
inputs  internal 

register 
outputs 
Op to 07 EO E Dn

enable & read register 

latch & read register 

latch register & 
disable outputs 

L 
L 

L 
L 

H 
H 

H 
H 

L 
L 

L 
L 

L 
H 

I 
h 

I 
h 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

Z 
Z 

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 

1 
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HEF40373B 
MSI 

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=0V 

± II 

±1O 
±I 

max. 10 mA 

max. 25 mA 

max. 100 mA 

VDD 
V 

VOH 
V 

VOL 
V symbol —40 

min. typ. 

Tamb (° C) 
+ 25 

min. typ. 
+ 85 

min. typ. 

Output current 5 4,6 0,75 0,6 1,2 0,45 mA 
HIGH 10 9,5 -1OH 1,85 1,5 3,0 1,1 mA 

15 13,5 14,5 15 50 15,5 mA 

Output current 5 3,6 9,3 10 24 10,7 mA 
HIGH 10 8,4 -'OH 14,4 15 46 15,0 mA 

15 13,2 19,5 20 62 19,8 mA 

Output current 5 0,4 2,9 2,3 5,4 1,75 mA 
LOW 10 0,5 1OL 9,5 7,6 17 5,50 mA 

15 1,5 30,0 25 45 19,0 mA 

Hysteresis 5 220 mV 
voltage at 10 VH 250 mV 
enable input (E) 15 320 mV 

(VDD-VOH) (V) 
-2 -1 

-VDD=5V 

I 
10V 

(2) 

 1 
(1) 

0 
0 

15V 

7Z85536 

-25 

50 

75 

IOH 
(mA) 

100 

(1) P-channel MOS transistor conducting. 
(2) P-channel MOS transistor and bipolar 

n-p-n transistor conducting. 

7Z85534 

Fig. 5 Typical output source current characteristic. Fig. 6 Schematic diagram of output stage. 
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Octal transparent latch with 3-state outputs 

A.C. CHARACTERISTICS 

VgS = 0 V; Tamb = 25 0C; CL = 50 pF; input transition times 20 ns 

HEF40373B 
MSI 

VDD 
v 

symbol min. typ. max. 
typical extrapolation 

formula 

Propagation delays 
E ► On 5 150 300 ns 138 ns + (0,24 ns/pF) CL 

HIGH to LOW 10 tpHL 60 120 ns 59ns+(0,01 ns/pF) CL 
15 40 80 ns 36 ns + (0,07 ns/pF) CL 

E — On 5 125 250 ns 122 ns + (0,06 ns/pF) CL 
LOW to HIGH 10 tpLH 50 100 ns 48 ns + (0,03 ns/pF) CL 

15 40 80 ns 39 ns + (0,02 ns/pF) CL 

Output transition 5 40 80 ns 
times 10 tTHL 20 40 ns 

HIGH to LOW 15 15 30 ns 
see Fig. 7. 

5 30 60 ns 
LOW to HIGH 10 tTLH 20 40 ns 

15 15 30 ns 

3-state propagation 
delays 

Output disable times 
EO --► On 5 65 130 ns 

HIGH 10 tpHZ 30 60 ns 
15 25 50 ns 

5 75 150 ns 
LOW 10 tpLZ 40 80 ns 

15 30 60 ns 

Output enable times 
EO ---► On 5 65 130 ns 

HIGH 10 tpZH 30 60 ns 
15 25 50 ns 

5 85 170 ns 
LOW 10 tpZL 35 70 ns 

15 25 50 ns 

Set-up time 5 15 7 ns 
Dn — ► E 10 tsu 10 5 ns 

15 10 5 ns 

Hold time 5 25 15 ns 
pn ► E 10 thold 15 4 ns 

15 10 3 ns 

Minimum latch enable 5 50 30 ns 
pulse width LOW 10 tWEL 30 15 ns 

15 20 10 ns 
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HEF40373B 
MSI 

A.C. CHARACTERISTICS 

V55 = 0 V; Tamb = 25 °C; input transition times 20 ns 

VDDV typical formula for P (µW) 
where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL= load capacitance (pF) 
E(foCL) = sum of outputs 

VDD = supply voltage (V) 

Dynamic power 
dissipation per 
package (P) 

5 
10 
15 

3325 fi +E(foCL) x VDD2
14 200 fi + E(foCL) x VDD2
37425 fi + E(fQCL) x VDD2

104

tTH L 

tTLH 
(ns) 

10 3

102

10 

7Z85537.1 

VDD =5V\- 7-
10 V\

5/ 

/ 

/ 

s 
// 

/ 

/

/ 

/ 

/

/ 

,,'J
/ 

/ 

/ 

VDD -5 V

10V 
 15V 

s 
i 

i

10 10 2 103 CL (pF) 104

Fig. 7 Output transition times as a function of the load capacitance. 

 tTLH — tTHL• 
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` 
HEF40374B 

J  
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 

4 

7 

8 

13 

14 

17 

18 

D0 O0

D1 O1

D2 O2

D3 O3
FF1 3-STATE 

D4 to OUTPUTS 
O4

D5 FF8 O5

D6 O6

D7 O7

CP p
__ 

EO 

PINNING 
DO to D7 
CP
EO 
O0 to O7 

7Z83577 

Fig. 1 Functional diagram. 

data inputs 
clock input 
output enable input (active LOW) 
3-state buffered outputs 

FAMILY DATA 
!'see Family Specifications 

2 EO 1 

5 O0 2 

6 
3 D0

9 

12 D1 4 

15 O1 5 
16 

O2 6 
19 

D2 7 

D3 8 

O3 9 

VSS 10 

U 

HEF40374B 

20 

19 

VDD 

O7

18  D7 

17 D6

16  O6 

15 1 O5 

  D514 

13 

11 

D4

1O4

7Z83576 

Fig. 2 Pinning diagram. 

CP 

HEF40374BP(N): 20-lead OIL; plastic (SOT146-1) 
HEF40374BO(F): 20-lead DIL; ceramic (cerdip) (SOT152) 
HEF40374BT(D): 20-lead SO; plastic (SOT163-1) 
( ): Package Designator North America 

'DD LIMITS category MSI 
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HEF40374B 
MSI 
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Octal D-type flip-flop with 3 state outputs J L HEF40374B 
MSI 

FUNCTION TABLE 

operating modes 
inputs internal 

register 
outputs 
Op to O7 EO CP Dn

load & read register 

load register & 
disable outputs 

L
L 

H 
H 

I 
J 

J 
f 

I
h 

I 
h 

L
H 

L 
H 

L
H 

Z 
Z 

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 
I = LOW-to-HIGH clock transition 

1 
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HEF40374B 
MSI 

RATINGS 

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

See Family Specifications, except for: 

D.C. current into any input ± Ii max. 10 mA 

D.C. source or sink current into any output ± 1O max. 25 mA 

D.C. current into the supply terminals ± I max. 100 mA 

D.C. CHARACTERISTICS 

VSS=0V 

VDD 
V 

VOH 
V 

VOL 
V 

symbol 
—40 

min. typ. 

Tamb (° C) 
+25 

min. typ. 
+85 

min. typ. 

Output current 5 4,6 0,75 0,6 1,2 0,45 mA 
HIGH 10 9,5 -1OH 1,85 1,5 3,0 1,1 mA 

15 13,5 14,5 15 50 15,5 mA 

Output current 5 3,6 9,3 10 24 10,7 mA 
HIGH 10 8,4 -IOH 14,4 15 46 15,0 mA 

15 13,2 19,5 20 62 19,8 mA 

Output current 5 0,4 2,9 2,3 5,4 1,75 mA 
LOW 10 0,5 IOL 9,5 7,6 17 5,50 mA 

15 1,5 30,0 25 45 19,0 mA 

Hysteresis 5 220 mV 
voltage at 10 VH 250 mV 
clock input (CP) 15 320 mV 

(VDD-VOH) (V) 
-2 -1 0 

  0 

-VDD=5V 

I I 10V 

1
(2) 

15V 

7Z85536 

25 

50 

75 

IOH 
(mA) 

100 

(1) P-channel MOS transistor conducting. 
(2) P-channel MOS transistor and bipolar 

n-p-n transistor conducting. 

7Z85534 

Fig. 4 Typical output source current characteristic. Fig. 5 Schematic diagram of output stage. 
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Octal D-type flip-flop with 3-state outputs HEF40374B 

A.C. CHARACTERISTICS 

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

VDD 
v 

symbol min. typ. max. 
typical extrapolation 

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 tPLH 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 
times 10 tTHL 20 40 ns 

HIGH to LOW 15 15 30 ns 
see Fig.6 

5 30 60 ns 
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 ns 

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 thold 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 

MSI 
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HEF40374B 
MSI 

 J 
A.C. CHARACTERISTICS 

VSS = 0 V; Tamb = 25 °C; input transition times 20 ns 

VDD 
V 

Dynamic power 5 
dissipation per 10 
package (P) 15 

104

1THL 

1TLH 
(ns) 

103

102

10 

typical formula for P (µW) 

3775 fi +E(fOCL) x VDD2
15 700 fi + E(fOCL) x VDDZ
40575 fi + E(foCL) x VDDZ

where 
fi = input freq. (MHz) 
fo = output freq. (MHz) 
CL = load capacitance (pF) 
E(foCL) = sum of outputs 
VDD = supply voltage (V) 

7Z85537.1 
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Fig. 6 Output transition times as a function of the load capacitance. 
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Philips Semiconductors 

Package information Package outlines 

INDEX 

PACKAGE VERSIONS DESCRIPTION PAGE 

SO 

SOT108-1 plastic small outline package; 14 leads; body width 3.9 mm 889 

SOT109-1 plastic small outline package; 16 leads; body width 3.9 mm 890 

SOT162-1 plastic small outline package; 16 leads; body width 7.5 mm 891 

SO1163-1 plastic small outline package; 20 leads; body width 7.5 mm 892 

SOT137-1 plastic small outline package; 24 leads; body width 7.5 mm 893 

SOT136-1 plastic small outline package; 28 leads; body width 7.5 mm 894 

SSOP 

SOT337-1 plastic shrink small outline package; 14 leads; body width 5.3 mm 895 

SOT338-1 plastic shrink small outline package; 16 leads; body width 5.3 mm 896 

SOT339-1 plastic shrink small outline package; 20 leads; body width 5.3 mm 897 

SOT340-1 plastic shrink small outline package; 24 leads; body width 5.3 mm 898 

SOT341-1 plastic shrink small outline package; 28 leads; body width 5.3 mm 899 

DIP 

SOT27-1 plastic dual in-line package; 14 leads (300 mil) 900 

SOT379-1 plastic dual in-line package; 16 leads (300 mil); long body 901 

SOT102-1 plastic dual in-line package; 18 leads (300 mil) 902 

SOT146-1 plastic dual in-line package; 20 leads (300 mil) 903 

SOT101-1 plastic dual in-line package; 24 leads (600 mil) 904 

SOT117-1 plastic dual in-line package; 28 leads (600 mil) 905 

SOT129-1 plastic dual in-line package; 40 leads (600 mil) 906 

CDIP 

SOT73-1 ceramic dual in-line package; 14 leads; glass seal 907 

SOT74-1 ceramic dual in-line package; 16 leads; glass seal 908 

SOT133-1 ceramic dual in-line package; 18 leads; glass seal 909 

SOT152-2 ceramic dual in-line package; 20 leads; glass seal 910 

SOT94-1 ceramic dual in-line package; 24 leads; glass seal 911 

SOT135-1 ceramic dual in-line package; 28 leads; glass seal 912 
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Philips Semiconductors 

r  0.9 (4x) 
0.4 

Package information Package outlines 

13.0   ,_ 7.6 
12.6 

20 

pin 1 
index 

11 

10 

1.27 

Dimensions in mm. 

L 
J 

0.49 
0.361 -1+ 0.25 

(20x) 

detail A 

y 

0.32 
2.65 
2.

1
35 

0.23 

~ 1 
I ~ 

0.5ttt 0to8°

Fig.4 Plastic small outline package; 20 leads; body width 7.5 mm (SO20; SOT163-1). 
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Philips Semiconductors 

Package information Package outlines 

Lj G u LJ u u 

10.00 

f 0.9 (4x) 
0.4 

fl

24 

pin 1 J 
index 

3 

12 

J 
J 

Dimensions in mm. 

y 

1.27 

L 

0.491
0.36 

f 0.25 

(24x) 

2.45 
2.25 

1
4 

detail J 

11 f 1.0 
} 0.32 

2.65 

0.23 
2.135 

1.1
0.5 f  0 to 8°

Fig.5 Plastic small outline package; 24 leads; body width 7.5 mm (SO24; SOT137-1). 
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Philips Semiconductors 

Package information Package outlines 

18.1 
17.7 

T_~UU UupJ I. LJ S 

pin 1 
index 

0.9 (4x) 
0.4 

I 

UuuUu u

-1 

15 28 

14 

HL 

Dimensions in mm. 

L 

1.27 

0.49 
0.36 

U 

0.25 I
(28x) 

7.6 
7.4 

2.45 
2.

1
25 

1 <S 

10.65 
10.00 

[etail A 

 J /) 

1.1 
1.0 

0.32 
0.23 

1.11 } } 
y l 0.5 0 to 8` 

2.65 
2.35 

Fig.6 Plastic small outline package; 28 leads; body width 7.5 mm (SO28; SOT136-1). 
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Philips Semiconductors 

Package information Package outlines 

D E A 

lilil'lnli!iI'I. _r . L /_ 
} ci 

~ I 

L-(O Y t HE ► j= V  lM A 

fZ 

11 111 
i 

1 i --- --- I AI' ~~ 

+ ,  

~ (A3) 

~ pin 1 index ~~+ ~ + 

O ~ t ~ 
Lp 

'—~ r  e 

11 . 111
11 0 H II 1 1 17 detail X 

e p 

0 2.5 5 mm 

DIMENSIONS (mm are the controlling dimensions) 

scale 

UNIT A Al AZ A3 by c D(1) Ef'1 a HE L Lp o v w y Zt1t e 

mm 2.0 
1.7 

0.21 
0.05 

1.80 
1.65 

0.25
0.38 
0.25 

0.20 
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Note 

1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 

OUTLINE REFERENCES EUROPEAN 
VERSION IEC JEDEC EIAJ PROJECTION ISSUE DATE 

SOT337-1 MO-150AB -3- © & 94-10-14 

Fig.7 Plastic shrink small outline package; 14 leads; body width 5.3 mm (SSOP14; SOT337-1). 
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1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 
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Fig.8 Plastic shrink small outline package; 16 leads; body width 5.3 mm (SSOP16; SOT338-1). 
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Note 
1. Plastic or metal protrusions o10.20 mm maximum per side are not included. 
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ISSUE DATE VERSION IEC JEDEC EIAJ 

PROJECTION

SOT339-1 MO-150AE EEIE \!J 33 00 00 
94-10-17 

Fig.9 Plastic shrink small outline package; 20 leads; body width 5.3 mm (SSOP20; SOT339-1). 

December 1994 897 



Philips Semiconductors 

Package information Package outlines 

D 

O y 

DIMENSIONS (mm are the controlling dimensions) 

H::

0 2.5 5 mm 

scale 

O 

} 

Lp

L --► 

detail X 

v t A 

UNIT A Al Ay A3 by C D(1) E(1) e HE L Lp O V w 
y 

z(') 0 

mm 2.0 
1.7 

0.21 
0.05 

1.80 
1.65 025 0.38 

0.25 
0.20 
0.09 

8.4 
8.0 

5.4 
5.2 0.65 7.9 

7.6 1.25 1.03 
0.63 

0.9 
0.7 0.2 0.13 0.1 0.8 

0.4 
8°
o° 

Note 
1. Plastic or metal protrusions of 0.20 mm maximum per side are not included. 
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Fig. 10 Plastic shrink small outline package; 24 leads; body width 5.3 mm (SSOP24; SOT340-1). 
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1. Plastic or metal protrusions o10.20 mm maximum per side are not included. 
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Fig.11 Plastic shrink small outline package; 28 leads; body width 5.3 mm (SSOP28; SOT341-1). 
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Fig.12 Plastic dual in-line package; 14 leads (300 mil); DIP14; SOT27-1. 
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Fig.13 Plastic dual in-line package; 16 leads (300 mil); long body (DIP16; SOT38-1). 
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Fig.14 Plastic dual in-line package; 18 leads (300 mil); DIP18; SOT102-1. 
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Fig.15 Plastic dual in-line package; 20 leads (300 mil); DIP20; SOT146-1. 
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Fig.18 Plastic dual in-line package; 40 leads (600 mil); DIP40; SOT129-1. 
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Fig.19 Ceramic dual in-line package; 14 leads; glass seal (CDIP14; SOT73-1). 
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Fig.20 Ceramic dual in-line package; 16 leads; glass seal (CDIP16; SOT74-1). 
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Fig.21 Ceramic dual in-line package; 18 leads; glass seal (CDIP18; SOT133-1). 
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Fig.22 Ceramic dual in-line package; 20 leads; glass seal (CDIP20; SOT152-2). 
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Fig.23 Ceramic dual in-line package; 24 leads; glass seal (CDIP24; SOT94-1). 
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Soldering 

SOLDERING 

Plastic small-outline packages 

BY WAVE 

During placement and before soldering, the component 
must be fixed with a droplet of adhesive. After curing the 
adhesive, the component can be soldered. The adhesive 
can be applied by screen printing, pin transfer or syringe 
dispensing. 

Maximum permissible solder temperature is 260 °C, and 
maximum duration of package immersion in solder bath is 
10 s, if allowed to cool to less than 150 °C within 6 S. 
Typical dwell time is 4 s at 250 °C. 

A modified wave soldering technique is recommended 
using two solder waves (dual-wave), in which a turbulent 
wave with high upward pressure is followed by a smooth 
laminar wave. Using a mildly-activated flux eliminates the 
need for removal of corrosive residues in most 
applications. 

BY SOLDER PASTE REFLOW 

Reflow soldering requires the solder paste (a suspension 
of fine solder particles, flux and binding agent) to be 
applied to the substrate by screen printing, stencilling or 
pressure-syringe dispensing before device placement. 

Several techniques exist for reflowing; for example, 
thermal conduction by heated belt, infrared, and 
vapour-phase reflow. Dwell times vary between 50 and 
300 s according to method. Typical reflow temperatures 
range from 215 to 250 °C. 

Preheating is necessary to dry the paste and evaporate 
the binding agent. Preheating duration: 45 min at 45 °C. 

REPAIRING SOLDERED JOINTS (BY HAND-HELD SOLDERING 
IRON OR PULSE-HEATED SOLDER TOOL) 

Fix the component by first soldering two, diagonally 
opposite, end pins. Apply the heating tool to the flat part of 
the pin only. Contact time must be limited to 10 sat up to 
300 °C. When using proper tools, all other pins can be 
soldered in one operation within 2 to 5 s at between 270 
and 320 °C. (Pulse-heated soldering is not recommended 
for SO packages.) 

For pulse-heated solder tool (resistance) soldering of VSO 
packages, solder is applied to the substrate by dipping or 
by an extra thick tin/lead plating before package 
placement. 

SOLDERING 

Plastic dual in-line packages 

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 s. The total contact time of successive 
solder waves must not exceed 5 s. 

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 permissible limit. 

REPAIRING SOLDERED JOINTS 

Apply a low voltage 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 s; 
if between 300 and 400 °C, for not more than 5 S. 
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DATA HANDBOOK SYSTEM 

Philips Semiconductors data handbooks contain all 
pertinent data available at the time of publication and each 
is revised and reissued regularly. 

Loose data sheets are sent to subscribers to keep them 
up-to-date on additions or alterations made during the 
lifetime of a data handbook. 

Catalogues are available for selected product ranges 
(some catalogues are also on floppy discs). 

Our data handbook titles are listed here. 

Integrated circuits 
Book Title 
IC01 Semiconductors for Radio and Audio Systems 
1O02 Semiconductors for Television and Video 

Systems 
IC03 Semiconductors for Telecom Systems 
IC04 CMOS HE4000B Logic Family 
IC06 High-speed CMOS Logic Family 
1O10 Memories 
IC11 General-purpose/Linear ICs 
IC12 Display Drivers and Microcontroller 

Peripherals (planned) 
1O13 Programmable Logic Devices (PLD) 
1O14 8048-based 8-bit Microcontrollers 
1O15 FAST TTL Logic Series 
ICi6 ICs for Clocks and Watches 
IC17 RF/Wireless Communications 
ICI 8 Semiconductors for In-car Electronics and 

General Industrial Applications (planned) 
1O19 Semiconductors for Datacom: LANs, UARTs, 

Multi-protocol Controllers and Fibre Optics 
1O20 8051-based 8-bit Microcontrollers 
IC21 68000-based 16-bit Microcontrollers (planned) 
1O22 ICs for Multi-media Systems (planned) 
1O23 QUBIC Advanced BiCMOS Interface Logic 

ABT, MULTIBYTETM 
IC24 Low Voltage CMOS Logic 

Discrete semiconductors 
Book Title 
SC01 Diodes 
SC02 Power Diodes 
SC03 Thyristors and Triacs 
SC04 Small-signal Transistors 
SC05 Low-frequency Power Transistors and 

Hybrid IC Power Modules 
SC06 High-voltage and Switching 

NPN Power Transistors 
SC07 Small-signal Field-effect Transistors 
SC08a RF Power Bipolar Transistors 
SC08b RF Power MOS Transistors 
SC09 RF Power Modules 
SC10 Surface Mounted Semiconductors 
SC13 PowerMOS Transistors 

including TOPFETs and IGBTs 
SC14 RF Wideband Transistors, 

Video Transistors and Modules 
SC15 Microwave Transistors 
SC16 Wideband Hybrid IC Modules 
SC17 Semiconductor Sensors 

Professional components 
PC01 High-power Klystrons and Accessories 
PC06 Circulators and Isolators 

MORE INFORMATION FROM PHILIPS SEMICONDUCTORS? 
For more information about Philips Semiconductors data 
handbooks, catalogues and subscriptions contact your 
nearest Philips Semiconductors national organization, 
select from the address list on the back cover of this 
handbook. Product specialists are at your service and 
enquiries are answered promptly. 
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OVERVIEW OF PHILIPS COMPONENTS 
DATA HANDBOOKS 

Our sister product division, Philips Components, also has 
a comprehensive data handbook system to support their 
products. Their data handbook titles are listed here. 

Display components 
Book Title 
DC01 Colour TV Picture Tubes and Assemblies 

Colour Monitor Tubes 
DC02 Monochrome Monitor Tubes and Deflection Units 
DC03 Television Tuners, Coaxial Aerial Input 

Assemblies 
DC05 Flyback Transformers, Mains Transformers and 

General-purpose FXC Assemblies 

Magnetic products 
MA01 Soft Ferrites 
MA03 Piezoelectric Ceramics 

Specialty Ferrites 
MA04 Dry-reed Switches 

Passive components 
PA01 Electrolytic Capacitors 
PA02 Varistors, Thermistors and Sensors 
PA03 Potentiometers 
PA04 Variable Capacitors 
PA05 Film Capacitors 
PA06 Ceramic Capacitors 
PA07 Quartz Crystals for Special and Industrial 

Applications 
PA08 Fixed Resistors 
PA10 Quartz Crystals for Automotive and Standard 

Applications 
PA11 Quartz Oscillators 

Professional components 
PC04 Photo Multipliers 
PC05 Plumbicon Camera Tubes and Accessories 
PC07 Vidicon and Newvicon Camera Tubes and 

Deflection Units 
PC08 Image Intensifiers 
PC12 Electron Multipliers 

MORE INFORMATION FROM PHILIPS COMPONENTS? 

For more information contact your nearest Philips 
Components national organization shown in the following list. 

Argentina: Buenos Aires, Tel. (541)786 7635, Fax. (541)786 9367. 
Australia: NORTH RYDE, Tel. (02)805 4455, Fax. (02)805 4466. 
Austria: WIEN, Tel. (01)60101 1820, Fax. (01)60101 1210. 
Belgium: EINDHOVEN, Tel. (31)40 783749, Fax. (31)40 788399. 
BRAZIL: SAO PAULO, TEL. (011)821 2333, FAX. (011)829 1849. 
Canada: SCARBOROUGH, Tel. (0416)292 5161, Fax. (0416)754 6248. 
Chile: SANTIAGO, Tel. (02)77 38 16, Fax. (02)735 3594. 
China (Peoples Republic of): Shanghai, Tel. (021)326 4140, Fax. (021)320 2160. 
Colombia: BOGOTA, Tel. (571)249 7624/(571)217 4609, Fax. (571)217 4549. 
Denmark: COPENHAGEN, Tel. (032)883 333, Fax. (031 (571 949. 
Finland: ESPOO, TeL (9)0-50261, Fax. (9)0-520971. 
France: SURESNES, Tel. (01)40996161, Fax. (01)40996431. 
Germany: HAMBURG, Tel. (040)3296.0, Fax. (040)3296 213. 
Greece: TAVROS, Tel. (01(4894339/(01)4894911, Fax. (01)481 5180. 
Hong Kong: KWAI CHUNG, Tel. (852)424 5121, Fax. (852)428 6729. 
India: BOMBAY, Tel. (022)4938 541, Fax. (022)4938 722. 
Indonesia: JAKARTA, Tel. (021)5201122, Fax. (021)5205189. 
Ireland: DUBLIN, Tel. (01)640203, Fax. (01)640210. 
Israel: Tel Av'ry Tel. (9723)6450333, Fax. (9723)493272. 
Italy: MILANO, Tel. (02)6752.3302, Fax. (02)6752 3300. 
Japan: TOKIO, Tel. (03)3740 5143, Fax. (03)3740 5035. 
Korea (Republic of): SEOUL, Tel. (02)709-1412, Fax. (02)709-1415. 
Malaysia: Kuala Lumpur, Tel. (03)757 5511, Fax. (03)757 4880. 
Mexico: CHI HUA HUA, Tel. (016)18-67-011(016)18-67.02, Fax. (016)778 0551. 
Netherlands: EINDHOVEN, Tel. (040)783749, Fax, (040)788399. 
New Zealand: AUCKLAND, Tel. (09)649-4160, Fax. (09)649-7811. 
Norway: OSLO, Tel. (22)74 8000, Fax. (22)74 8341. 
Pakistan: KARACHI, Tel. (021)5874641-49, Fax. (021)577035/5874546. 
Philippines: MANILA, Tel. (02)810.0161, Fax. (02)817-3474. 
Portugal: Linda-A-Velha, Tel. (01)14163160/4163333, Fax. (01)14163174!4163366. 
Singapore: SINGAPORE, Tel. (65)3502000, Fax. (65)355 1758. 
South Africa: JOHANNESBURG, Tel. (011)470-5911, Fax. (011)470-5494. 
Spain: BARCELONA, Tel. (03)301 6312, Fax. (03)301 4243. 
Sweden: STOCKHOLM, Tel. (08)632 2000, Fax. (08)632 2745. 
Switzerland: ZURICH, Tel. (01)4882211, Fax. (01)481 7730. 
Taiwan: TAIPEI , Tel. (02)388 7666, Fax. (02)382 4382. 
Thailand: BANGKOK, Tel. (662)398-0141, Fax. (662)398-3319. 
Turkey: ISTANBUL, Tel. (0212)279 2770, Fax. (0212)269 3094. 
United Kingdom: LONDON, Tel. (071)580 6633, Fax. (071)636 0394. 
United States: RIVIERA BEACH, Tel.) 407)881-3200, Fax. (407)881 3300. 
Uruguay: MONTEVIDEO, Tel. (02)704 044, Fax. (02)920 601. 

For all other countries apply 10: 
Philips Components, 
Marketing Communications, 
P.O. Box 218, 
5600 MD, EINDHOVEN, The Netherlands 
Telex 35000 phtcnl, Fax. +31-40-724547. 
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Philips Semiconductors - a worldwide company 
Argentina: IEROD, Av. Juramento 1992- 14.b, (1428) 

BUENOS AIRES, Tel. (541)786 7633, Fax. (541)786 9367 
Australia: 34 Waterloo Road, NORTH RYDE, NSW 2113, 

Tel. (02)805 4455, Fax. (02)805 4466 
Austria: Triester Str. 64, A-1101 WIEN, P.O. Box 213, 

Tel. (01)60101-1236, Fax. (01)60 101-1211 
Belgium: Postbus 90050, 5600 PB EINDHOVEN, The Netherlands, 

Tel. (31)40 783 749. Fax. (31)40 788 399 
Brazil: Rua do Rocio 220- 5"' floor, Suite 51, 

CEP: 04552-903-SAO PAULO-SP, Brazil. 
P.O. Box 7383 (01064-970). 
TeL (011)821-2333, Fax. (011(829-1849 

Canada: PHILIPS SEMICONDUCTORS/COMPONENTS: 
Tel. (800) 234-7381, Fax. (708) 296-8556 

Chile: Av. Santa Maria 0760, SANTIAGO, 
Tel. (02)773 816, Fax. (02)777 6730 

Colombia: IPRELENSO LTDA, Carrera 21 No. 56-17, 
77621 BOGOTA, Tel. (571)249 7624/(571)217 4609, 
Fax. (571)217 4549 

Denmark: Prags Boulevard 80, PB 1919, DK-2300 COPENHAGEN S. 
Tel. (032)88 2636, Fax. (031)57 1949 

Finland: Sinikalliontie 3, FIN-02630 ESPOO. 
Tel. (9)0-50261, Fax. (9)0-520971 

France: 4 Rue du Port-aux-Vins, BP317, 
92156 SURESNES Cedes, 
Tel. (01 (4099 6161, Fax. (01)4099 6427 

Germany: P.O. Box 10 63 23, 20043 HAMBURG, 
Tel. (040)3296-0, Fax. (040)3296 213. 

Greece: No. 15, 25th March Street, GR 17778 TAVROS, 
Tel. (01)4894339/4894911, Fax. (01)4814 240 

Hong Kong: PHILIPS HONG KONG Ltd., 6/F Philips Ind. Bldg., 
24-28 Kung Yip St., KWAI CHUNG, N.T., 
Tel. (852)424 5121, Fax. (852)428 6729 

India: Philips INDIA Ltd, Shivsagar Estate, A Block, 
Dr. Annie Besant Rd. Worli, Bombay 400 018 
Tel. (022)4938 541, Fax. (022)4938 722 

Indonesia: Philips House, Jalan H.R. Rasuna Said Kay. 3-4, 
P.O. Box 4252, JAKARTA 12950, 
Tel. (021)5201 122, Fax. (021)5205 189 

Ireland: Newstead, Clonskeagh, DUBLIN 14. 
Tel. (01)640 000, Fax. (01 (640 200 

Italy: PHILIPS SEMICONDUCTORS S.r.l., 
Piazza IV Novembre 3, 20124 MILANO, 
Tel. (0039)2 6752 2531, Fax. (0039)2 6752 2557 

Japan: Philips Bldg 13-37, Kohnan2-chome, Minato-ku, TOKYO 108, 
Tel. (03)3740 5028, Fax. (03)3740 0580 

Korea: (Republic of) Philips House, 260-199 Itaewon-dong, 
Yongsan-ku, SEOUL, Tel. (02)794-5011, Fax. (02)798-8022 

Malaysia: No. 76 Jalan Universiti, 46200 PETALING JAYA, 
SELANGOR, Tel. (03)750 5214, Fax. (03)757 4880 

Mexico: 5900 Gateway East, Suite 200, EL PASO, TX 79905, 
Tel. 9-5(800)234-7381, Fax. (708)296-8556 

Netherlands: Postbus 90050, 5600 PB EINDHOVEN, Bldg. VB 
Tel. (040)783749, Fax. (040)788399 

New Zealand: 2 Wagerer Place, C.P.O. Box 1041, AUCKLAND, 
Tel. (09)849.4160, Fax. (09)849-7811 

Norway: Box 1, Manglerud 0612, OSLO, 
Tel. (022)74 8000, Fax. (022)74 8341 

Pakistan: Philips Electrical Industries of Pakistan Ltd., 
Exchange Bldg. ST-2/A, Block 9, KDA Scheme 5, Clifton, 
KARACHI 75600, Tel. (021)587 4641-49, 
Fax. (021)577035/5874546. 

Philippines: PHILIPS SEMICONDUCTORS PHILIPPINES Inc, 
106 Valero St. Salcedo Village, P.O. Box 2108 MCC, MAKATI, 
Metro MANILA, Tel. (02)810 0161, Fax. (02)817 3474 

Portugal: PHILIPS PORTUGUESA, S.A., 
Rua dr. Antonio Loureiro Borges 5, Arquiparque - Miraflores, 
Apartado 300, 2795 LINDA-A-VELHA, 
Tel. (01)4163160/4163333, Fax. (01)4163174/4163366. 

Singapore: Lorong 1, Toa Payoh, SINGAPORE 1231, 
Tel. (65)350 2000, Fax. (65)251 6500 

South Africa: S.A. PHILIPS Pty Ltd., 
195-215 Main Road Martindale, 2092 JOHANNESBURG, 
P.O. Box 7430 Johannesburg 2000, 
Tel. (011)470-5911, Fax. (011)470-5494. 

Spain: Balmes 22, 08007 BARCELONA, 
Tel. (03)301 6312, Fax. (03)301 4243 

Sweden: Kottbygatan 7, Akalla. S-164 65 STOCKHOLM, 
Tel. (0)8-632 2000, Fax. (0)8-632 2745 

Switzerland: Allmendstrasse 140, CH-8027 ZURICH, 
Tel. (01)4882211, Fax. (01)481 7730 

Taiwan: PHILIPS TAIWAN Ltd., 23-30F, 66, Chung Hsiao West 
Road, Sec. 1. Taipeh, Taiwan ROC, P.O. Box 22978, 
TAIPEI 100, Tel. (02)388 7666, Fax. (02)382 4382. 

Thailand: PHILIPS ELECTRONICS (THAILAND) Ltd., 
209/2 Sanpavulh-Bangna Road Prakanong, 
Bangkok 10260, THAILAND, 
Tel. (662)398-0141, Fax. (662)398-3319. 

Turkey:Talatpasa Cad. No. 5, 80640 GULTEPE/ISTANBUL, 
Tel. (0212)279 2770, Fax. (02 12)269 3094 

United Kingdom: Philips Semiconductors LTD., 
276 Bath Road, Hayes, MIDDLESEX UB3 5BX, 
Tel. (081)730-5000, Fax. (081)754-8421 

United States: 611 East Arques Avenue, SUNNYVALE, 
CA 94088-3409, Tel. (800)234-7381, Fax. (708)296-8556 

Uruguay: Coronel Mora 433, MONTEVIDEO, 
Tel. (02)70-4044, Fax. (02)92 0601 

For alt other countries apply to: Philips Semiconductors, 
International Marketing and Sales, Building BE-p, 
P.O. Box 218, 5600 MD, EINDHOVEN, The Netherlands, 
Telex 35000 phlcnl, Fax. +31-40-724825 
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