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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
athree-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 or stored within the limits specified in the data sheet.

Some components unavoidably contain substancesthat, if exposed by
accident or misuse, are potentially hazardous to health. Users of these
ccmponents 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
consumer with respectto 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’ orsometimes ‘industrial’ waste. Disposal as domesticwaste 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 DIL; D = ceramic (cerdip) DIL; T = plastic SO mini-pack; 2nd B = burn-in option

4000B : Full voltage range 3 to 15 V.

4000V : Limited voltage range 4.5 to 12.5 V.
4000UB: Unbuffered types.

HEC : Full temperature range —55 to + 125 OC.
HEF : Temperature range —40 to + 85 ©C.

HE4000B FAMILY - HEF HEC  page

ARITHMETIC ICs

4008B 4-bit binary full adder E e 171
4531B 13-input parity checker/generator e 583
BUFFERS

4041B quadruple true/complement buffer . 297
40498 hex inverting buffers e T
40508 hex non-inverting buffers oo — 345
4502B strobed hex inverter/buffer @ 457
400978 3-state hex non-inverting buffer Y 765
400988 3-state hex inverting buffer oo 769
40240B octuple buffers with 3-state outputs +—— 857
40244B octuple buffers with 3-state outputs - 863
BUS ICs

402458 octuple bus transceiver with 3-state outputs B 869
COMPARATORS

4585B 4-bit magnitude comparator o — 643
COUNTERS

4017B 5-stage Johnson counter e 211
4018B presettable divide-by-n counter B 219
40208 14-stage binary counter > —o—— 229
4022B 4-stage divide-by-8 Johnson counter o 241
4024B 7-stage binary counter - o — 251
40298 synchronous up/down counter, binary/decade counter e 267
4040B 12-stage binary counter - o — 295
4059B programmable divide-by-n counter - 371
40608 14-stage ripple-carry binary counter/divider and oscillator -@———— 377
4510B BCD up/down counter R 477
45168 binary up/down counter e 507
4518B dual BCD counter e 523
45208 dual binary counter —— 533
4521B 24-stage frequency divider and oscillator B 539
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HE4000B FAMILY HEF HEC page
COUNTERS (continued)

4522B programmable 4-bit BCD down counter - 549
45268 programmable 4-bit binary down counter - 559
4534B real time 5-decade counter S 595
4737B quadruple static decade counter e 675
4737V quadruple static decade counter - 675
4751V universal divider R 707
40160B 4-bit synchronous decade counter; asynchronous reset > 779
40161B 4-bit synchronous binary counter; asynchronous reset — 789
40162B 4-bit synchronous decade counter; synchronous reset - 799
40163B 4-bit synchronous binary counter; synchronous reset -— 809
40192B 4-bit up/down decade counter - 827
40193B 4-bit up/down binary counter > 835
DECODERS

4028B 1—0f—10 decoder - 263
4511B BCD to 7-segment latch/decoder/driver - o — 845
4514B 1—0f—16 decoder/demultiplexer with input latches — 499
4515B 1—0f—16 decoder/demultiplexer with input latches - 503
4543B BCD to 7-segment latch/decoder/driver - 623
4555B dual 1—of-—4 decoder/demultiplexer — 629
4556B dual 1—of—4 decoder/demultiplexer Y 633

DEMULTIPLEXERS

4051B 8-channel analogue multiplexer/demultiplexer r—— 347
4052B dual 4-channel analogue multiplexer/demultiplexer - 355
4053B triple 2-channel analogue multiplexer/demultiplexer - 363
4067B 16-channel analogue multiplexer/demultiplexer e 393
4514B 1—of—16 decoder/demultiplexer with input latches e 499
4515B 1—0f—16 decoder/demultiplexer with input latches - 503
4555B dual 1—of—4 decoder/demultiplexer == 629
4556B dual 1—of—4 decoder/demultiplexer BB S 633
DRIVERS

4511B BCD to 7-segment latch/decoder/driver B e 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 e — 187
40174B hex D-type flip-flop - 819
40175B quadruple D-type flip-flop -———o— 823
40374B octuple D-type flip-flop with 3-state outputs i 881
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HE4000B FAMILY HEF' HEC page
JK
4027B dual JK flip-flop @ 257
GATES
AND
4073B triple 3-input AND gate - o — 415
4081B quadruple 2-input AND gate - o — 429
4082B dual 4-input AND gate - 431
4085B dual 2-wide 2-input AND—OR—invert gate S 433
4086B 4-wide 2-input AND—OR—invert gate - 435
Complex
4030B quadruple EXCLUSIVE—OR gate > o — 279
4070B quadruple EXCLUSIVE—OR gate o ® 409
4077B quadruple EXCLUSIVE—NOR gate e ——— — 425
4085B dual 2-wide 2-input AND—OR—invert gate = 433
4086B 4-wide 2-input AND—OR—invert gate e 435
EXCLUSIVE-OR
4030B quadruple EXCLUSIVE—OR gate e 279
4070B quadruple EXCLUSIVE—OR gate -0 409
EXCLUSIVE—NOR
4077B quadruple EXCLUSIVE—NOR gate B — 425
Inverter
4085B dual 2-wide 2-input AND—OR—invert gate - 433
4086B 4-wide 2-input AND—OR—invert gate o - 435
NAND
4011B quadruple 2-input NAND gate --———eo— 175
4011UB quadruple 2-input NAND gate; unbuffered S 177
4012B dual 4-input NAND gate -—0— 185
4023B triple 3-input NAND gate e 249
4068B 8-input NAND gate > 401
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HE4000B FAMILY HEF HEC page
GATES (continued)

NOR

40008 dual 3-input NOR gate and inverter - 143
4001B quadruple 2-input NOR gate o 147
4001UB quadruple 2-input NOR gate; unbuffered ———— 149
40028 dual 4-input NOR gate & — 157
4025B triple 3-input NOR gate - 255
4078B 8-input NOR gate - 427
OR

4071B quadruple 2-input OR gate —o— 411
4072B dual 4-input OR gate g 413
4075B triple 3-input OR gate B 417
4085B dual 2-wide 2-input AND—OR—invert gate B — 433
4086B 4-wide 2-input AND—OR—invert gate e 435
INVERTERS

4007UB dual complementary pair and inverter o — 163
4069UB hex inverter -——8— 403
4502B strobed hex inverter/buffer B — 457
LATCHES

40428 quadruple D-latch -—— 301
4043B quadruple R/S latch with 3-state outputs - 307
4044B quadruple R/S latch with 3-state outputs S 311
4508B dual 4-bit latch ey 469
4511B BCD to 7-segment latch/decoder/driver e e 485
4543B BCD to 7-segment latch/decoder/driver - 623
4724B 8-bit addressable latch e 665
40373B octuple transparent latch with 3-state output > 875
MEMORIES

45058 64-bit, 1-bit per word static read/write RAM - o— 461
4720B 256-bit, 1-bit per word RAM - 649
4720V 256-bit, 1-bit per word RAM e 649
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MULTIPLEXERS
4019B quadruple 2-input multiplexer - e 225
4051B 8-channel analogue multiplexer/demultiplexer -——o— 347
4052B dual 4-channel analogue multiplexer/demultiplexer *—— 355
4053B triple 2-channel analogue multiplexer/demultiplexer - 363
4067B 16-channel analogue multiplexer/demultiplexer o 393
4512B 8-input multiplexer with 3-state output -0 — 493
4519B quadruple 2-input multiplexer o e —— 529
4539B dual 4-input multiplexer *—0— 611
MULTIVIBRATORS
Astable
4047B monostable/astable multivibrator *—o— 329
Monostable
4047B monostable/astable multivibrator .- e 329
4528B dual monostable multivibrator ->——o— 577
4538B dual precision monostable multivibrator W 603
4938B dual precision monostable multivibrator e 757
Timers
4541B programmable timer o 615
4753B universal timer module E=—————x 623
4753V universal timer module e 623
REGISTERS
4006B 18-stage static shift register - 159
4014B 8-bit static shift register Y — 193
4015B dual 4-bit static shift register -o— - —e— 199
4021B 8-bit static shift register - 235
4031B 64-stage static shift register -— 281
4035B 4-bit universal shift register - o— 287
4076B quadruple D-type register with 3-state outputs —— 419
4094B 8-stage shift-and-store bus register ———o— 445
4517B dual 64-bit static shift register — 515
4557B 1—t0—64 bit variable length shift register o ——o— 637
4731B quadruple 64-bit static shift register P 671
4731V quadruple 64-bit static shift register W 671
40194B 4-bit bidirectional universal shift register - — 843
40195B 4-bit universal shift register -—o— 849
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HE4000B FAMILY page
SCHMITT TRIGGERS
4093B quadruple 2-input NAND Schmitt trigger 439
40106B hex inverting Schmitt trigger 773
SPECIAL FUNCTIONS
4046B phase-locked loop 315
4104B quadruple low-to-high voltage translator with 3-state

outputs 453
4527B BCD rate multiplier 569
4738V |IEC/IEEE bus interface 683
4750V frequency synthesizer 691
4752V AC motor control circuit 717
4754V 18-element bar graph LCD driver 729
4755V transceiver for serial data communication 735
SWITCHES
4016B quadruple bilateral switches 203
4066B quadruple bilateral switches 385
TIMING ICs
4541B programmable timer 615
4753B universal timer module 721
LED drivers
4794 8-stage shift-and-store register LED driver - 746
4894 12-stage shift-and-store register LED driver 751
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extended type no.  description page
HEC4001BDB Quadruple 2-input NOR gate 147
HEC4002BDB Dual 4-input NOR gate 157
HEC4007UBDB Dual complementary pair and inverter 163
HEC40097BDB 3-state hex non-inverting buffer 765
HEC40098BDB 3-state hex inverting buffer 769
HEC4011BDB Quadruple 2-input NAND gate 175
HEC4012BDB Dual 4-input NAND gate 185
HEC4013BDB Dual D-type flip-flop 187
HEC4014BDB 8-bit static shift register 193
HEC4015BDB Dual 4-bit static shift register 199
HEC4016BDB Quadruple bilateral switches 203
HEC4017BDB 5-stage Johnson counter 211
HEC40174BDB Hex D-type flip-flop 819
HEC40175BDB Quadruple D-type flip-flop 823
HEC4019BDB Quadruple 2-input multiplexer 225
HEC40194BDB 4-bit bidirectional universal shift register 843
HEC40195BDB 4-bit universal shift register 849
HEC4020BDB 14-stage binary counter 229
HEC4023BDB Triple 3-input NAND gate 249
HEC4024BDB 7-stage binary counter 251
HEC4025BDB Triple 3-input NOR gate 255
HEC4027BDB Dual JK flip-flop 257
HEC4030BDB Quadruple exclusive-OR gate 281
HEC4035BDB 4-bit universal shift register 287
HEC4040BDB 12-stage binary counter 295
HEC4042BDB Quadruple D-latch 301
HEC4047BDB Monostable/astable multivibrator 329
HEC4049BDB Hex inverting buffers 343
HEC4050BDB Hex non-inverting buffers 345
HEC4051BDB 8-channel analogue multiplexer/demultiplexer 347
HEC4066BDB Quadruple bilateral switches 385
HEC4068DBD 8-input NAND gate 401
HEC4069UBDB Hex inverter 403
HEC4070BDB Quadruple exclusive-OR gate 409
HEC4071BDB Quadruple 2-input OR gate 411
HEC4073BDB Triple 3-input AND gate 415
HEC4081BDB Quadruple 2-input AND gate 429
HEC4093BDB Quadruple 2-input NAND Schmitt trigger 439
HEC4094BDB 8-stage shift-and-store bus register 445
HEC4505BDB 64-bit, 1-bit per word random access read/write memory 461
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extended type no.

HEC4510BDB
HEC4511BDB
HEC4512BDB
HEC4519BDB
HEC4520BDB

HEC4528BDB
HEC4539BDB
HEC4541BDB
HEC4556BDB
HEC4557BDB

HEC4585BDB
HEC4750VD
HEC4750VDB
HEC4751VD
HEC4751VDB

HEF4000BD
HEF4000BP
HEF4000BT
HEF4001BD
HEF4001BP

HEF4001BT
HEF4001UBD
HEF4001UBP
HEF4001UBT
HEF4002BD

HEF4002BP
HEF4002BT
HEF4006BD
HEF4006BP
HEF4006BT

HEF4007UBD
HEF4007UBP
HEF4007UBT
HEF4008BD
HEF4008BP

HEF4008BT

HEF40097BD
HEF40097BP
HEF40097BT
HEF40098BD

description

BCD up/down counter

BCD to 7-segment latch/decoder/driver
8-input multiplexer with 3-state output
Quadruple 2-input multiplexer

Dual binary counter

Dual monostable multivibrator

Dual 4-input multiplexer
Programmable timer

Dual 1-of-4 decoder/demultiplexer
1-to-64 bit variable length shift register

4-bit magnitude comparator
Frequency synthesizer
Frequency synthesizer
Universal divider

Universal divider

Dual 3-input NOR gate and inverter
Dual 3-input NOR gate and inverter
Dual 3-input NOR gate and inverter
Quadruple 2-input NOR gate
Quadruple 2-input NOR gate

Quadruple 2-input NOR gate
Quadruple 2-input NOR gate
Quadruple 2-input NOR gate
Quadruple 2-input NOR gate
Dual 4-input NOR gate

Dual 4-input NOR gate
Dual 4-input NOR gate
18-stage static shift register
18-stage static shift register
18-stage static shift register

Dual complementary pair and inverter
Dual complementary pair and inverter
Dual complementary pair and inverter
4-bit binary full adder
4-bit binary full adder

4-bit binary full adder

3-state hex non-inverting buffer
3-state hex non-inverting buffer
3-state hex non-inverting buffer
3-state hex inverting buffer

171

171
765
765
765
769
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extended type no.  description page
HEF40098BP 3-state hex inverting buffer 769
HEF40098BT 3-state hex inverting buffer 769
HEF40106BD Hex inverting Schmitt trigger 773
HEF40106BP Hex inverting Schmitt trigger 7173
HEF40106BT Hex inverting Schmitt trigger 773
HEF4011BD Quadruple 2-input NAND gate 175
HEF4011BP Quadruple 2-input NAND gate 175
HEF4011BT Quadruple 2-input NAND gate 175
HEF4011UBD Quadruple 2-input NAND gate 177
HEF4011UBP Quadruple 2-input NAND gate 177
HEF4011UBT Quadruple 2-input NAND gate 177
HEF4012BD Dual 4-input NAND gate 185
HEF4012BP Dual 4-input NAND gate 185
HEF4012BT Dual 4-input NAND gate 185
HEF4013BD Dual D-type flip-flop 187
HEF4013BP Dual D-type flip-flop 187
HEF4013BT Dual D-type flip-flop 187
HEF4014BD 8-bit static shift register 193
HEF4014BP 8-bit static shift register 193
HEF4014BT 8-bit static shift register 193
HEF4015BD Dual 8-bit static shift register 199
HEF4015BP Dual 8-bit static shift register 199
HEF4015BT Dual 8-bit static shift register 199
HEF4016BD Quadruple bilateral switches 203
HEF4016BP Quadruple bilateral switches 203
HEF4016BT Quadruple bilateral switches 203
HEF40160BD 4-bit synchr. decade counter with asynchr. reset 779
HEF40160BP 4-bit synchr. decade counter with asynchr. reset 779
HEF40160BT 4-bit synchr. decade counter with asynchr. reset 779
HEF40161BD 4-bit synchr. binary counter with asynchr. reset 789
HEF40161BP 4-bit synchr. binary counter with asynchr. reset 789
HEF40161BT 4-bit synchr. binary counter with asynchr. reset 789
HEF40162BD 4-bit synchr. decade counter with synchr. reset 799
HEF40162BP 4-bit synchr. decade counter with synchr. reset 799
HEF40162BT 4-bit synchr. decade counter with synchr. reset 799
HEF40163BD 4-bit synchr. binary counter with synchr. reset 809
HEF40163BP 4-bit synchr. binary counter with synchr. reset 809
HEF40163BT 4-bit synchr. binary counter with synchr. reset 809
HEF4017BD 5-stage Johnson counter 211
HEF4017BP 5-stage Johnson counter 211
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extended type no.  description page
HEF4017BT 5-stage Johnson counter 211
HEF4017BD Hex D-type flip-flop 819
HEF40174BP Hex D-type flip-flop 819
HEF40174BT Hex D-type flip-flop 819
HEF40175BD Quadruple D-type flip-flop 823
HEF40175BP Quadruple D-type flip-flop 823
HEF40175BT Quadruple D-type flip-flop 823
HEF4018BD Presettable divide-by-n counter 219
HEF4018BP Presettable divide-by-n counter 219
HEF4018BT Presettable divide-by-n counter 219
HEF4019BD Quadruple 2-input multiplexer 225
HEF4019BP Quadruple 2-input multiplexer 225
HEF4019BT Quadruple 2-input multiplexer 225
HEF40192BD 4-bit up/down decade counter 827
HEF40192BP 4-bit up/down decade counter 827
HEF40192BT 4-bit up/down decade counter 827
HEF40193BD 4-bit up/down binary counter 835
HEF40193BP 4-bit up/down binary counter 835
HEF40193BT 4-bit up/down binary counter 835
HEF40194BD 4-bit bidirectional universal shift register 843
HEF40194BP 4-bit bidirectional universal shift register 843
HEF40194BT 4-bit bidirectional universal shift register 843
HEF40195BD 4-bit universal shift register 849
HEF40195BP 4-bit universal shift register 849
HEF40195BT 4-bit universal shift register 849
HEF4020BD 14-stage binary counter 229
HEF4020BP 14-stage binary counter 229
HEF4020BT 14-stage binary counter 229
HEF4021BD 8-bit static shift register 235
HEF4021BP 8-bit static shift register 2385
HEF4021BT 8-bit static shift register 235
HEF4022BD 4-stage divide-by-8 Johnson counter 241
HEF4022BP 4-stage divide-by-8 Johnson counter 241
HEF4022BT 4-stage divide-by-8 Johnson counter 241
HEF4023BD Triple 3-input NAND gate 249
HEF4023BP Triple 3-input NAND gate 249
HEF4023BT Triple 3-input NAND gate 249
HEF4024BD 7-stage binary counter 251
HEF4024BP 7-stage binary counter 251
HEF4024BT 7-stage binary counter 251
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extended type no.

HEF40240BD
HEF40240BP
HEF40240BT
HEF40244BD
HEF40244BP

HEF40244BT
HEF40245BD
HEF40245BP
HEF40245BT
HEF4025BD

HEF4025BP
HEF4025BT
HEF4027BD
HEF4027BP
HEF4027BT

HEF4028BD
HEF4028BP
HEF4028BT
HEF4029BD
HEF4029BP

HEF4029BT
HEF4030BD
HEF4030BP
HEF4030BT
HEF4031BD

HEF4031BT
HEF4031BT
HEF4035BD
HEF4035BP
HEF4035BT

HEF40373BD
HEF40373BP
HEF40737BT
HEF40374BD
HEF40374BP

HEF40374BT
HEF4040BD
HEF4040BP
HEF4040BT
HEF4041BD

description

Octal inverting buffers with 3-stage outputs
Octal inverting buffers with 3-stage outputs
Octal inverting buffers with 3-stage outputs
Octal buffers with 3-state outputs
Octal buffers with 3-state outputs

Octal buffers with 3-state outputs

Octal bus transceiver with 3-state outputs
Octal bus transceiver with 3-state outputs
Octal bus transceiver with 3-state outputs
Triple 3-input NOR gate

Triple 3-input NOR gate
Triple 3-input NOR gate
Dual JK flip-flop
Dual JK flip-flop
Dual JK flip-flop

1-0f-10 decoder
1-0f-10 decoder
1-0f-10 decoder
Synchronous up/down counter, binary/decade counter
Synchronous up/down counter, binary/decade counter

Synchronous up/down counter, binary/decade counter
Quadruple exclusive-OR gate

Quadruple exclusive-OR gate

Quadruple exclusive-OR gate

64-stage static shift register

64-stage static shift register
64-stage static shift register
4-bit universal shift register
4-bit universal shift register
4-bit universal shift register

Octal transparent latch with 3-state outputs
Octal transparent latch with 3-state outputs
Octal transparent latch with 3-state outputs
Octal D-type flip-flop with 3-state outputs
Octal D-type flip-flop with 3-state outputs

Octal D-type flip-flop with 3-state outputs
12-stage binary counter

12-stage binary counter

12-stage binary counter

Quadruple true/complement buffer

page

857
857
857
863
863

863
869
869
869
255

2556

257
257
257

263

263
267
267

267
279
279
279
281

281
281
287
287
287

875
875
875
881
881

881
285

295
299

\ ( January 1995



NUMERICAL
INDEX

extended type no.

HEF4041BP
HEF4041BT
HEF4042BD
HEF4042BP
HEF4042BT

HEF4043BD
HEF4043BP
HEF4043BT
HEF4044BD
HEF4044BP

HEF4044BT
HEF4046BD
HEF4046BP
HEF4046BT
HEF4047BD

HEF4047BP
HEF4047BT
HEF4049BD
HEF4049BP
HEF4049BT

HEF4050BD
HEF4050BP
HEF4050BT
HEF4051BD
HEF4051BP

HEF4051BT
HEF4052BD
HEF4052BP
HEF4052BT
HEF4053BD

HEF4053BP
HEF4053BT
HEF4059BD
HEF4059BP
HEF4059BT

HEF4060BD
HEF4060BP
HEF4060BT
HEF4066BD
HEF4066BP

description

Quadruple true/complement buffer
Quadruple true/complement buffer
Quadruple D-latch
Quadruple D-latch
Quadruple D-latch

Quadruple R/S latch with 3-state outputs
Quadruple R/S latch with 3-state outputs
Quadruple R/S latch with 3-state outputs
Quadruple R/S latch with 3-state outputs
Quadruple R/S latch 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 muitiplexer/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

377

14
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INDEX

extended type no.

HEF4066BT
HEF4067BD
HEF4067BP
HEF4067BT
HEF4068BD

HEF4068BP
HEF4068BT
HEF4069UBD
HEF4069UBP
HEF4069UBT

HEF4070BD
HEF4070BP
HEF4070BT
HEF4071BD
HEF4071BP

HEF4071BT
HEF4072BD
HEF4072BP
HEF4072BT
HEF4073BD

HEF4073BP
HEF4073BT
HEF4075BD
HEF4075BP
HEF4075BT

HEF4076BD
HEF4076BP
HEF4076BT
HEF4077BD
HEF4077BP

HEF4077BT
HEF4078BD
HEF4078BP
HEF4078BT
HEF4081BD

HEF4081BP
HEF4081BT
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 with 3-state outputs
Quadruple D-type register with 3-state outputs
Quadruple D-type register with 3-state outputs
Quadruple exclusive-NOR gate
Quadruple exclusive-NOR 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

429

429
429
431
431
431
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INDEX

extended type no.  description page

HEF4085BD
HEF4085BP
HEF4085BT
HEF4086BD
HEF4086BP

HEF4086BT
HEF4093BD
HEF4093BP
HEF4093BT
HEF4094BD

HEF4094BP
HEF4094BT
HEF4104BP
HEF4104BP
HEF4104BT

HEF4502BD
HEF4502BP
HEF4502BT
HEF4505BD
HEF4505BP

HEF4508BD
HEF4508BP
HEF4508BT
HEF4510BD
HEF4510BP

HEF4510BT
HEF4511BD
HEF4511BP
HEF4511BT
HEF4512BD

HEF4512BP
HEF4512BT
HEF4514BD
HEF4514BP
HEF4514BT

HEF4515BD
HEF4515BP
HEF4515BT
HEF4516BD
HEF4516BP

Dual 2-wide 2-input AND-OR invert gate
Dual 2-wide 2-input AND-OR invert gate
Dual 2-wide 2-input AND-OR invert gate
4-wide 2-input AND-OR invert gate
4-wide 2-input AND-OR invert gate

4-wide 2-input AND-OR invert gate
Quadruple 2-input NAND Schmitt trigger
Quadruple 2-input NAND Schmitt trigger
Quadruple 2-input NAND Schmitt trigger
8-stage shift-and-store register

8-stage shift-and-store register
8-stage shift-and-store register
Quadruple low to high voltage translator with 3-state outputs
Quadruple low to high voltage translator with 3-state outputs
Quadruple low to high voltage translator with 3-state outputs

Strobed hex inverter/buffer
Strobed hex inverter/buffer
Strobed hex inverter/buffer
64-bit, 1-bit per word random access read/write memory
64-bit, 1-bit per word random access read/write memory

Dual 4-bit latch
Dual 4-bit latch
Dual 4-bit latch
BCD up/down counter
BCD up/down counter

BCD up/down counter

BCD to 7-segment latch/decoder/driver
BCD to 7-segment latch/decoder/driver
BCD to 7-segment latch/decoder/driver
8-input multiplexer with 3-state output

8-input multiplexer with 3-state output
8-input multiplexer with 3-state output
1-0f-16 decoder/demultiplexer with input latches
1-0f-16 decoder/demultiplexer with input latches
1-0f-16 decoder/demultiplexer with input latches

1-of-16 decoder/demultiplexer with input latches
1-0f-16 decoder/demultiplexer with input latches
1-0f-16 decoder/demultiplexer with input latches
Binary up/down counter
Binary up/down counter

433
433
433
435
435
435
439
439
445

445

493

503

507
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INDEX
extended type no.  description page
HEF4516BT Binary up/down counter 507
HEF4517BD Dual 64-bit static shift register 515
HEF4517BP Dual 64-bit static shift register 515
HEF4517BT Dual 64-bit static shift register 515
HEF4518BD Dual BCD counter 523
HEF4518BP Dual BCD counter 523
HEF4518BT Dual BCD counter 523
HEF4519BD Quadruple 2-input multiplexer 529
HEF4519BP Quadruple 2-input multiplexer 529
HEF4519BT Quadruple 2-input multiplexer 529
HEF4520BD Dual binary counter 533
HEF4520BP Dual binary counter 533
HEF4520BT Dual binary counter 533
HEF4521BD 24-stage frequency divider and oscillator 539
HEF4521BP 24-stage frequency divider and oscillator 539
HEF4521BT 24-stage frequency divider and oscillator 539
HEF4522BD Programmable 4-bit BCD down counter 549
HEF4522BP Programmable 4-bit BCD down counter 549
HEF4522BT Programmable 4-bit BCD down counter 549
HEF4526BD Programmable 4-bit binary down counter 559
HEF4526BP Programmable 4-bit binary down counter 559
HEF4526BT Programmable 4-bit binary down counter 559
HEF4527BD BCD rate multiplier 569
HEF4527BP BCD rate multiplier 569
HEF4527BT BCD rate multiplier 569
HEF4528BD Dual monostable multivibrator 577
HEF4528BP Dual monostable multivibrator 577
HEF4528BT Dual monostable multivibrator 577
HEF4531BD 13-input parity checker/generator 583
HEF4531BP 13-input parity checker/generator 583
HEF4531BT 13-input parity checker/generator 583
HEF4532BD 8-input priority encoder 587
HEF4532BP 8-input priority encoder 587
HEF4532BT 8-input priority encoder 587
HEF4534BD Real time 5-decade counter 595
HEF4534BP Real time 5-decade counter 595
HEF4534BT Real time 5-decade counter 595
HEF4538BD Dual precision monostable multivibrator 603
HEF4538BP Dual precision monostable multivibrator 603
HEF4538BT Dual precision monostable multivibrator 603
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INDEX
extended type no.  description page
HEF4539BD Dual 4-input multiplexer 611
HEF4539BP Dual 4-input multiplexer 611
HEF4539BT Dual 4-input multiplexer 611
HEF4541BD Programmable timer 615
HEF4541BP Programmable timer 615
HEF4541BT Programmable timer 615
HEF4543BD BCD to 7-segment latch/decoder/driver 623
HEF4543BP BCD to 7-segment latch/decoder/driver 623
HEF4543BT BCD to 7-segment latch/decoder/driver 623
HEF4555BD Dual 1-of-4 decoder/demultiplexer 629
HEF4555BP Dual 1-of-4 decoder/demultiplexer 629
HEF4555BT Dual 1-of-4 decoder/demultiplexer 629
HEF4556BD Dual 1-of-4decoder/demultiplexer 633
HEF4556BP Dual 1-of-4 decoder/demultiplexer 633
HEF4556BT Dual 1-of-4 decoder/demultiplexer 633
HEF4557BD 1-to-64 bit variable length shift register 637
HEF4557BP 1-to-64 bit variable length shift register 637
HEF4557BT 1-to-64 bit variable length shift register 637
HEF4585BD 4-bit magnitude comparator 643
HEF4585BP 4-bit magnitude comparator 643
HEF4585BT 4-bit magnitude comparator 643
HEF4720BD 256-bit, 1-bit per word random access memories 649
HEF4720BP 256-bit, 1-bit per word random access memories 649
HEF4720BT 256-bit, 1-bit per word random access memories 649
HEF4720VD 256-bit, 1-bit per word random access memories 649
HEF4720VP 256-bit, 1-bit per word random access memories 649
HEF4720VT 256-bit, 1-bit per word random access memories 649
HEF4724BD 8-bit addressable latch 665
HEF4724BP 8-bit addressable latch 665
HEF4724BT 8-bit addressable latch 665
HEF4731BD Quadruple 64-bit static shift register 671
HEF4731BP Quadruple 64-bit static shift register 671
HEF4731VD Quadruple 64-bit static shift register 671
HEF4731VP Quadruple 64-bit static shift register 671
HEF4737BD Quadruple static decade counters 675
HEF4737BP Quadruple static decade counters 675
HEF4737VD Quadruple static decade counters 675
HEF4737VP Quadruple static decade counters 675
HEF4738VP IEC/IEEE bus interface 683
HEF4750VD Frequency synthesizer 691
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extended type no.  description page
HEF4751VD Universal divider 707
HEF4751VP Universal divider 707
HEF4751VT Universal divider 707
HEF4752VD A.C. motor control circuit 717
HEF4752VP A.C. motor control circuit 717
HEF4753BD Universal timer module 721
HEF4753BP Universal timer module 721
HEF4754VD 18-element bar graph LCD driver 729
HEF4754VP 18-element bar graph LCD driver 729
HEF4754VT 18-element bar graph LCD driver 729
HEF4755VD Transceiver for serial data communication 735
HEF4755VP Transceiver for serial data communication 735
HEF4755VT Transceiver for serial data communication 735
HEF4794BP 8-stage shift-and-store register LED driver 746
HEF4794BT 8-stage shift-and-store register LED driver 746
HEF4894BP 12-stage shift-and-store register LED driver 751
HEF4894BT 12-stage shift-and-store register LED driver 751
HEF4938B Dual precision monostable multivibrator 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 choser 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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SYSTEMS

DESIGN MAXIMUM RATING SYSTEM

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

These values are chosen by the device manufacturer to provide acceptable serviceability of the device,
taking responsibility for the effects of changes in operating conditions due to variations in the charac-
teristics of the electronic device under consideration.

The equipment manufacturer should design so that, initially and throughout life, no design maximum
value for the intended service is exceeded with a bogey device under the worst probable operating
conditions with respect to supply voltage variation, equipment component variation, variation in
characteristics of all other devices in the equipment, equipment control adjustment, load variation,
signal variation and environmental conditions.

DESIGN CENTRE RATING SYSTEM

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

These values are chosen by the device manufacturer to provide acceptable serviceability of the device

in average applications, taking responsibility for normal changes in operating conditions due to rated
supply voltage variation, equipment component variation, equipment control adjustment, load variation,
signal variation, environmental conditions, and variations in the characteristics of all electronic devices.

The equipment manufacturer should design so that, initially, no design centre value for the intended
service is exceeded with a bogey electronic device in equipment operating at the stated normal supply
voltage.

24
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HANDLING
MOS DEVICES

HANDLING MOS DEVICES

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

Caution

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

Storage and transport

Store and transport the circuits in their original packing. Alternatively, use may be made of a conductive
material or special |C 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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OPTIONS

BURN-IN OPTIONS

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

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

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

® reduced infant mortality

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

e reduced field failures

Flow-charts

NORMAL FLOW  BURN-IN FLOW

MARK MARK
FINAL TEST B ER
D.C./FUNCTIONAL PARAMEEHE
AT 25°C
ACCEPTANCE :
TESTING ) BURN-IN
I
FINAL TEST
D.C./FUNCTIONAL
1 ACCEPTANCE
7290188 I TESTING

Burn-in is performed under the following conditions:

Vbbb 15V
Tamp 12898 | .

|
time 168 hours | AR
bias static

\ ﬁnuary 1995
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ORDERING

INFORMATION JL

ORDERING (not for USA/Canada)

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

HEC types):

HEX 4XXX X X X

- -

ORDERING (USA and Canada)

Screening class

B

if burn-in option is required

Package code

=]
T
D

plastic dual in-line
plastic SO
ceramic dual in-line

JEDEC 'B' series CMOS specification

B
uB
\

AXXX

buffered
unbuffered
limited operating voltage

device number

Operating ambient temperature range

F
C

HE

—40 to +85 °C
-55t0 +125°C

family identification

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

HEF 4XXX X X X

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

Vv limited operating voltage
4XXX device number

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

28
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DIAGRAMS/

—

FUNCTIONAL
IEC SYMBOLS

HEF4000B

[ = |
=
&

sl ]2
||
oo |&

| @
l:
I
3
©

7273673

EE

Dual 3-input NOR
gate and inverter.

HEF4001B

2 I Y L Y

|z|s

I
(o]
I3
Is
oo
Iy

0;
03
[

7269554

Quadruple 2-input

NOR gate.

HEF4001UB
i@c 03 |10

l/

7

7269554

Quadruple 2-input
NOR gate; unbuffered.

HEF4002B

[Ble|w|s|w]w

HE
=1
BE

7269555

21

7

o i

il
A

~

7293167.2

Dual 4-input
NOR gate.
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HEF4006B
D
LB SHIFT REGISTER | ©03A[13
—O) 4-BITS
D
BB SHIFT REGISTER  |©38 10 e
+—Of 4-BITS
o 1_mSRGIo 5
a1c¢ SHIFT REGISTER | %4c |12 -5 | 10
+—Of 5-BITS SRG5 "
o] A ==~
ac 11 1D o1l 12
6 |Pp o 6 | L
SHIFT REGISTER 4D |9 L2
O 5-BITS
3|cp O3p|s
7Z273675.2
18-stage static shift register.
HEF4007UB
13 2 |1 1
D Sp, |D S
P1 P2 |Up2 P3| voolia
P P P
— —
[l P |
A ] Dn/e3j12.
— | S u—
— —
N N N Vss| 7
Dn1/G2 Snz |Dnz|G3 Sn3
8 |3 L |5 |10 3
T2735
Dual complementary pair and
inverter; unbuffered.
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HEF4008B
1n=
5 s |
_E3| HIGH-SPEED Cout |14 -6 lao 3 | pP
PARALLEL CARRY T "
5 10 0p—
l o ST 6 1
——a1 —1L S0 = 1
15183 ADDER | S3|13 £ [n2 P —132—
s 4 3 312 2lpf B
T 22 153
2|82 P 9 du  cob-
ADDER | S2[12 15 a3
3 . -
3 A2 1 0
T 1 P-Q
—0
4,181 ADDER | 111 5
2 3 P
5 [A1 = o190
—3 1
T ; P-Q 12
2Ny 13
6 Bo ADDER | sol10 L g
1 [N
71A0 s 5
9 |CIN 1 . -
_bm BOL
7Z74548.1
4-bit binary fuil adder.
HEF40118 HEF4011UB
111 111
A 0 il 0
CED O s A}
=l S

o[

I3
(0]
Is
03 |10
12|17 0

7269562

oo

Quadruple 2-input
NAND gate.

5(13

— 02 |4
sl et
8fIs o
pnft
12|17 o
serr) "
Bla] ot

7269562

Quadruple 2-input
NAND gate; unbuffered.

7
=

| | g
[/ %
=
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HEF4012B

Ig 0,

Ialzlalflwmwh

7269563

Dual 4-input
NAND gate.

HEF4013B
i—l
X Sp1
D
1 01 _6_5
31 1ce, FF —g—‘[’
~ =0
0, ——
Cp1 8
I -2 o
" U ba
_8| 10
Sp2
910, 0,
e, FF
0y
Cp2
] ]
7269524.1 Dual D-type flip-flop.
HEF4014B
6 |5 |4 |13 |14 |15 |1
Py |P2 |P3 P4 |Ps |P6 |P7 SRG8
9 |re 20 Sei—
91w
a | I
D s 1
11{Ps L
-4 _hwo
5
=&
D D 13
1ojce ! SHIFTREGISTER  / Erl | 2
8-BITS 15 12
05 |0g |07 o 3
7269525.3 2 [12 13

8-bit static shift register.
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HEF4015B
SRG4
Cl/—»
7{Pa Ooa[s B
op SHIFT O1ala D '__s
91" 'Al REGISTER [0Opals | 4
4-BITS =R
O3al10 0
L -
15|08 Ogg|13
o5 swier  [O1812 7S | 13
Y="Bl REGISTER |Opg|11 |12
4-BITS | 1
O3p|2 L2
1_4 MRB 7296784
7269526.2
Dual 4-bit static
shift register.
HEF4016B
! — |2 - 12
|13 |1 |5 |4 |6 ]a |12 ]11 B3 # B#].,
Eo |Yo |E1 |Y1 [E2 [Y2 [E3 [Y:
o |Yo |E1 [Y1 |E2 (Y2 [E3 |Y3 i = | 3 . .
5 # = L
. = s #{,,
z z B
Zo L 2 2 6 _# 8 9
|2 |3 [9 ‘10 1 =
5 T, s #l
7269571.2 |2ﬂ'
4 e
7293302.1
12
o
Quadruple bilateral switches. 7296925
HEF4017B
CTRDIV10/
DEC
- B |3
_13/CPy N | PN
—ﬂD_ 5—STAGE JOHNSON COUNTER 5 foreo ot
14|CPy N
5[V T b2
Os-9|12 5
DECODING AND OUTPUT CIRCUITRY e s
6
0001 |0 |03 |04 |05 |96 |07 |08 |0 i
7269564.3 3 (2 [4 |7 [0]1 [5 [6 |9 |11 o |-
cTas N2

5-stage Johnson counter.

7293664
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7Z273680.3

14-stage binary counter.

HEF4018B
2 |3 |7 |9 |12
L _Ear—
Po [P1 P2 [P3 [Ps 0 s
10| PL| PARALLEL LOAD 45—@l o
CIRCUITRY 1
—— 10 SRG NS
[T T 1] | it
-2 74
Y Dfc7s
D’=D +3=1|&| SRG
14[CE COUNTER +s s
15|MR £
| sm—— e 1
00 04 02 03 04 TZD 3
5 |4 |6 |11 13 A2 _5p
7269527.3
Presettable divide-by-n counter.
HEF4019B
6 7 4 5 2 3 15 |1
ofsa [P0 |Bo (A1 |B1 [A2 By |A3 (B3 o
TR
il | 1 | "
14]sg — 1 1 10
7
—2
i 1
2 | 12
R =
15
> 13
0g 0, 0y 03
[10 |1 [12 [13
7269542.3
Quadruple 2-input multiplexer.
HEF4020B
CTR14 9
o, i=
1 I—
—l CT=0 | 5
10JCP b=
—OfT | &
12-STAGE COUNTER 13
11| MR % o [
j
Op [93 |04 [05 [Og |07 |Og [Og |O1g [O11 012 |O13 —’—f
7 15 |4 |6 |13 [12 |14 |15 |1 |2 |3 L—Z
[

13

7293382.1
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FUNCTIONAL
DIAGRAMS/

HEF4021B
7 |6 |5 |4 |13 14 15 |1
Po |P1 |P2 |P3 |P4 |Ps |P6 |P7
_9L|
!
R
HEERREN o
11|Ps [ Sp/Co -
D SHIFT REGISTER L]
8-BITS ]
10{cp |cP Er
e | L2
05 |0g [07 15 12
7269530.4 Z he i3 e 3.
8-bit static shift register.
HEF4022B
= CTR
13| CPq DIV8/0CT
13 e o2
— 4-STAGE JOHNSON COUNTER 1B Sl
14[cpg e —
13 670 2—3—7
15[Mm - =
e T T T T i
04-7 |12 —
DECODING AND OUTPUT CIRCUITRY < o4
o——
Op |91 |92 |93 |94 |95 %6 |97 710
7269565.2 2 11 I3 17 111 14 15 110 CT=4f 12
4-stage divide-by-8 Johnson counter.
HEF4023B
3
Sl R 6
Ll 0146 S B
515
1
i 1
215 0209 N 9
lls 8
1 1
2] 03 )10 1 10
‘_3-19

7269566

Triple 3-input NAND gate.
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HEF4024B
CTR?7
o2
=5 an, L1
CPAl P o
s 7-STAGE COUNTER erd Lo
Cp .5,
0g |01 |0y |03 |04 |05 |Og | &
12 11 |9 (6 |5 |4 |3 =
7269531.4
7293872.1
7-stage binary counter.
HEF4025B
3n 3 =1
e 0[5 N6
Sils
e L 1=1
21 029 N
Bl
1]y
12[1s 0310 11 =1 -
s : 10
7269548 . .
Triple 3-input NOR gate.
HEF4027B
. g
10 so1 15
s 0 =2 1
10
13 o 10
R TR B3 by
(k] N PO I 1 1K ho1s
Cp1 R
12 | —7—5 S -
7 _3_”
— >
— ik 2
Sp2 £ 1R
6 % .0y 1
3L _{cpy rr
5 Ko 62 2
Cp2
4 |
7269532.1
Dual JK flip-flop.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4028B
XIY DX
10 [13 |12 |11 o—% %o ; o-—13—A
A e [N L
0% [A2 |A3 . T gl
10 |, NIRD 515
L4 P L TN W=
DECODER 2 |6 |6
M g i=l= o1
I =
Op |01 |07 |03 [04 |05 |Og |07 |Og |Og o 80 10—
3 [14 ]2 15 |1 [6 |7 |4 [9 |5 9—>— 1
7Z73681.1
1-o0f-10 decoder.
HEF4029B
4 12 13 |3 CTRDIVm
P P P P LDreia-
0 1 2 3 el
LHARALLEL LOAD CIRCUITRY | —21Ngs
== DS I o
—1= M3(m=16]
® [cE Cf5g _ZEMk[m-IOJ
- -~ & : .
LS |6
9 |BIN/DEC COURTER Tc ——fs0 m
10{up/BN 13 KA
=3 b2
90 _[91 |92 |05 14CT = 9P
6 1 a4 13CT=15
7273683.2 2CT= 0
Synchronous up/down counter,
binary/decade counter.
HEF4030B
= E 3
AL 01]3 A
=1 L
5|1
?j)D&L ;
il - = 1
7 1 0
8|l
o T
12 I7
— 0,
Quadruple EXCLUSIVE-OR gate.
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FUNCTIONAL

DIAGRAMS/

IEC SYMBOLS

HEF4031B
10
A/B
15 |PaA
O63|6 15 51SDRG6" 6
64 - STAGE L
1/Ps STATIC SHIFT | _ 2 s P~
2|cp REGISTER Op3|7 b1 — .
LD cole
7269534.2
64-stage static shift register.
HEF4035B
9 10 11 12
Po P Py P3
£ L= ’ PARALLEL ENABLE CIRCUITRY
alJy SRG4
= - boai—
+
3|K i
5
=R
L
.y
—3NI7 2k - I
slcP CPDO D, D, D s liap
5|MR SHIFT REGISTER 4-BITS 20 G 31
Cp A1 14
T 1 13
I
2]T/C TRUE / COMPLEMENT CIRCUITRY
0o 0, 0, 03
7269535.3 1 15 14 13
4-bit universal shift register.
HEF4040B
CTR12
ole-
o, iz
U Jer-o I
CP 5
1—'C—POT —3-
12-STAGE COUNTER —
11f{mMR |2
Cp o |4
13
O [01 [92 |03 |94 |95 [9% |97 |0 |Og |O10 (O Mo
7 |6 |5 |3 |2 |4 [13 [12 |14 |15 |1 [a
7269636.3 -'—5
H—‘—
7293879.1
12-stage binary counter.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4041B

TR Quadruple true/complement buffer.

HEF4042B
D 0,
4190 D 0 0f2
—ce fF
il a
s j:ﬁ‘
A —
4 _tip N3
7|p1 110 7 -
FF ——-—9
u - 1
2 |5 13
1. K12
1.
1% 5
13{D2 92111
FF
—1
A 1=
O2)12
14|03 O31
' FF
5| O:D r 4 [Oalis
—6E1
7269550.3 Quadruple D-latch.
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FUNCTIONAL

DIAGRAMS/

IEC SYMBOLS

HEF4043B
4|S0
Op |2
3{Ro
5
6/S1 EN
019 4 3
B b
7|R1 3 o 17—
3-STATE 5 9
s OUTPUTS 7] =
12|52 L2
O2{10 1 =
11|R2 L 1
-
14|53
O3(1
15(R3
5|E0
7273687.3
Quadruple R/S latch with 3-state outputs.
HEF4044B
3|50
= Q)13
R
1 AN
- 5
5 EN
o 019
= 3
R S 1
_i_10 LN R1 ‘lV"—l
3-STATE VN 5
ilss OUTPUTS TN —
——=0 o AN 10
B 2110 ETIN
12172 5 15 "
16 1N —
1553
=10
[= 934
R
14173
5|E0
7273689.3
Quadruple R/S latch with 3-state outputs.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4046B
PHASE
COMPARATOR 1
SIGN _LD_ 2| PerguT
comPy| 5 . %
L L PHASE || [PC20ut ¢
N COMPARATOR 2 [— R3 PLL
PCPOUT ' 4046
L _lsien peor—2—
~< \Vvcoout|a 9|VCoy oW rass 2 _cowe porf—3-
Lo ) J_ £ 5dex pR—1—
Al6 c2 T
SF T il
c e SOURCE 10[SFout AV M i
7 1N10
) FOLLOWER v 1drx
VCO ss o 50
R1 Ryl1g Re o v
3 BNy b1
Vss R2_ Ry|12
Vss
INH—2 !
Vss <—ﬂ—£— ZENER
7273691.2
Phase-locked loop.
HEF4047B
Rt
I
-l-ct
3 1|2
RCrc Crelfte
__D 13 Q
OSCILLATOR
OUTPUT RETMON/AST
g 4047
5| ASTABLE ey (T
ASTABLE  |—»]
—— RETRIGGER | RETRIGGER |12 3 dexirx
4| ASTABLE CONTROL [
— CONTROL ASTABLE 13
6
MULTI- —2INTR
t v (I A 10
VIBRATOR o lio y
6 |-TRIGGER _l > o0
6|-TRIGGER |
MONOSTABLE L FREQUENCY N o TN
- DIVIDER 12
8|+TRIGGER | CONTROL i 5l P AL
. —Do R
I % MR|9
7274558.1
Monostable/astable multivibrator.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4049B

9k 0,{10
Mls Os12 1
1%|ls Os|15 1%

8

Hex inverting buffers.

HEF4050B
i]' 0s]2 E 2
5|l Oafu 5 | : l p
A L) Os|6 7 I : | 6
Sk O f10 9 I : | 10
11]1s Os|12 11 1
1]l Osft5 1% 15
e
Hex non-inverting buffers.

HEF4051B
16
Vbp
 E—— _‘;'ﬁl:i
11|A0 ] Yi|14 Tl RS IS
10 | LS
I Y ]
v2fts 8 g a2
=L
ot |2
2
10| A1 - _.mﬁlz o=
7 p—
7293210.2
LOGIC
LEVEL 1—of—8 Yali
CONVERSION DECODER
_mﬁz_
E Y:
s s
z|3
| 8-channel analogue
= — multiplexer/demultiplexer.
8 U 7269537.4
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4052B
16
V,
— =
Yoa|12
Y1A[14
——¢
10|A0 vouhs
10
9 # 4)(%
Y3af11 L
™= LN
9| A1 LOGIC —_ L
wers o MDX 1
CONVERSION DECODER s
YoB|1 . s
B ] 2
2—=
3 |4
= | 12
- Y
SlEq - ) .
1| 2
11
YZB 2 7293954.1
Y3Bl4
- Zg|3
Vss VEE
E 7 7269538.4
Dual 4-channel analogue multiplexer/demultiplexer.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

Triple 2-channel analogue multiplexer/demultiplexer.

HEF4053B
16
Vbp
1 ] Zal14
I lY1A 13
S
11]°A ] QYOAE
28|15 6 Ngs
10ls8 I ’Yw 1 C
o i 14 MDX
— 13
LOGIC 1 1=
LEVEL DECODER "E axt o B
CONVERSION Yos|2 3x2
e 15 "
9/Sc 10 [
2
Zcla _E his
4
Sy
Yic|3 ) et
L N e
6|E
e 7293965.1
l IYoc 5
Vss VEE
8 7 7269539.4

46
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4059B
3 |14 |5 |6 22 |21 |20 |19 18 |17 |16 |15 1019 |8 |7 ——
J1 192 93 [9a Js |96 [97 |V Jg 101911 |92 313 %14 915 96
preset enable
PRESETTABLE LOGIC &
L——p——————-————-——r——-v—-———— P e ey ey
p— —— — — t— +— — —— —— —— — S F— — — ——--——-————-'——‘
S S R i SR B S i
v l v v Yy vV VvV v Yy vV VvV v vy v v | | |
7
1st INTERMEDIATE COUNTING SECTION 5th
1]CP| COUNTING | | | COuNTING
SECTION SECTION
+10,8,5,4,2 +10 +10 +10 +1,2,2,4,8
b |
v A * I
»| DeTECTION [* _! [
e e e e A e m e e e = o _J
v
14[Ka
13| Kp MODE PRESET QUTPIT
11]xc| SELECTION ENABLE STAGE
[
VDD VSS EL. 0
l2a |12 2 23
]
CTRDIVm
Sl 4059
4|
5 |
5|
22 |
21
===
20 ]
19 |
18 | | am il
7
16 |
15 |
B
s |
8|
7—16
SLL 7Y
%‘ SEL
—2
1——>c|_x<
2 =+ 1.2D 23
———C2

7296924

Programmable divide-by-n counter.
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FUNCTIONAL

HEF4060B
LLITI A
Zdex 16 .
10 |8
——¥—RX ‘ P
—"—*—<ch o
12 14
cT 13
CT=0 =
o158
H—‘
|10 ) | oo
Byc Crc 19—
11|RS 7293322.1
7 cp 14 —STAGE BINARY COUNTER
1 o
12[MR
03 |04 |05 [0g |07 |0g 09 [O11 013 |O43 e | 7
7 15 |4 |6 |14 [13 |18 [T |2 |3 BB
7284437 '_4
1N Y L8
12 * &
S
cT=0 QE
H—'
| 2
=2
7296923
14-stage ripple-carry binary counter/divider and oscillator.
HEF4066B
L -2
, ' 5 13# 1
13 ls o |6 l8 |2 | .
1 13 # 4 » g
Eo Yo |E1 |Y1 [E2 |Y2 |E3 |Y3
4 3 5 #
—_— X1
] s X
- P =2
8 9
Z0 Z1 22 Z3 = s 2|,
2 |3 |9 |1o 6 ==
7269571.2 m = =10 L 1} 12
12 # 2% T
7Z296945.1 7296922
Quadruple bilateral switches.
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FUNCTIONAL

DIAGRAMS/

IEC SYMBOLS

HEF4067B

10|A0

1-of-16
DECODER

5|
©O
= | et | NN ~N |00 |
Rl ]~]]

7273694.3

16-channel analogue multiplexer/demultiplexer.

|6
©

0
18X 75

|1‘

& |@

G16

|N |” |“ I"‘ |“‘ I“ |‘”L°

©
BN SO = O
~N
w

TeR2do
sl fes ] fhoidmo o
a3z |s|s|= N

7296959.1

HEF4068B

I3
-
10

7269567

8-input NAND gate.

HEF4069UB

%

K13 =
1 0
i3|>°3
9! |>
1

4 Ou
1|ls Os
———-I >Sos1o
EILDO(S_S_

I

[

7273696

Hex inverter; unbuffered.

7290947.1
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FUNCTIONAL

DIAGRAMS/

IEC SYMBOLS

HEF4070B

Ll Bl 0

513

2 0
iQD_i
8|l

—1 (o
1:):)1 >

3

12|57

— 0,
L’QD._A‘_

7269569

Quadruple EXCLUSIVE-OR gate.

HEF4071B
13 013
1 2k —
3
I
Sl 024
8lls
— 0
12
=l 1 Rl o,
: wa) >
9551

126955

Quadruple 2-input OR gate.

HEF4072B

[S|2]8]e]on e |w]
=

7269552

Dual 4-input OR gate.

HEF4073B

10
"

12 Is O3j10

\
ol o el el ll Ll
2

7273698

1

13

*-E

Triple 3-input AND gate.

HEF4075B

22

<

B3]

7273700

u.lglu

v

Il

\"

]

v

10

Triple 3-input OR gate.

7293161.1

50
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4076B

~

_L_]

14|P0 %9
13|01 FF1 04
12|02 1o 02
FF4
11|03 O3

o o |+ |

o] o

7293636.1

| |- |5 3] o
=
o

7272867.2

Quadruple D-type register with 3-state outputs.

HEF4077B
1 e 5
A 01 5 2 P8
2|81 O——
5 ]A2 0| 4 :— = N4
D =

=1

j&le

8

A, =
0.

E)DO—! = &

12 =

12| Al 1
— Ou] 11 P
Ble]] Do %]

7293390.1

I

72739020

Quadruple EXCLUSIVE-NOR gate.

HEF4078B

[8o|a]=]w|wm

|3

72695531

8-input NOR gate.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4081B

o
&

o
IS

13]1s |

NI—'
s
2

Quadruple 2-input AND gate.

HEF4082B
2|1
== 3
3|12 1
— 1
A L :
Hn
3
10}l 0,]13 10
i = ;
1211,

7268570

Dual 4-input AND gate.

7273702.1

HEF4085B
_1Ao
_2]A 1
—1 & [=1
12| A2 ==
T3lAs Oal3 YA -y P 31
] 13
_10]As 10
= —=—&T=
_61B1 6
S.I'z NI
_8|8Bz o =i}
B 3 L 11
_111Bs
Dual 2-wide 2-input AND-OR-INVERT gate.
HEF4086B
1 1
S & | =1 f‘ =1
- . 5
mb s
8 8
=== & o K3
9 9 |
) 126
. . Lz,
10 10
1 11

4-wide 2-input AND-OR-INVERT gate.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4093B
T &
-2 . 3
b T
5 &
o A
___{_U'
g &
S pa
e 1
&
12
13 - 11
T
7273704.2
Quadruple 2-input NAND Schmitt trigger.
HEF4094B
2|D
8-STAGE SHIFT os|10
3fcp REGISTER e
e ——— RN
NEENERES:
== Cc1/— ,J
3 1 i
1 lstr 8-BIT STORAGE D 20 vl
REGISTER e
7
HEEREER i
| 13
| 12
A5{ED) 3-STATE OUTPUTS |1
S
1 10
0g |04 05 (03 04 Og Og |07 7293856.1
4 15 [e 17 [1a 1312111
72746141
8-stage shift-and-store bus register.
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FUNCTIONAL
DIAGRAMS/

IEC SYMBOLS

I

7275372.2

Strobed hex inverter/buffer.

HEF4104B
allo O0|3
502
j 5 _len
5|1 O1ls
= TTL/CMOS
4 v
= v
L o&l 5 ——
I b 7
- 10
1fl2 LEVEL N 92(10 13
CONVERTER i g Ly (14
___{>°6_2£
12]'3 N 93[13
15 [0
Quadruple low-to-high
72745741 voltage translator
with 3-state outputs.
HEF4502B
12|E ) 0, 5
3D,
027
N EN
>_.T G1 V1
1Da’j__>o— 2D v A b ypss
TN L7, 6] 1
I ke ol
ioloa »—Do__ 19 10~ -9 0.}
13 11 13 1
14 15 1%
SR AL =

54
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4505B
1]A0
2| A1 ROW  |— 8x8 MEMORY
g]as DECODER — CELL ARRAY
spsr t 111t 111t "
411
A MULTIPLEXER |— muLTipLexer |—]  COLUMN A
8 |CE2 READ/ — —]  DECODER 5[12
] WRITE [
CONTROL
9 |R/W y ¥
13[0In DATA | | | READ/WRITE READ/WRITE
BUFFER [ ]  cIRcUIT CIRCUIT
\ 1 o < = A3 4
D [
10{Pout o

0

FHPT

I~
U

i

RAMb4x1

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

7Z74630.2
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FUNCTIONAL

DIAGRAMS/

IEC SYMBOLS

HEF4508B
4|Poa Opa |5
D o
1A . 01A 7
D 9
8|P2a _—_— 2A .
10{P3a O3A |11 anley
i, [
ST R
2 4 _Tp V_S_
1|MR 6 7
EO 8 | L2
31704 10 11
16| Pos Opg |17 5 =
"
B o 15
18|P18 AT 013 19 E ;N
D 13|
20|D28 —_ oza 21 1 -1'0 é_ 3
22|03p 38 |23 —6—1 9
20 | |21
Gl 2] 23
13 MRB
15|EOg
7274605.2
Dual 4-bit latch.
HEF4510B
4 12 13 |3
I IS 8
1 JPL 10
o PARALLEL LOAD cmcumavl 2w
G1
L [ [ | £l
. ,J
15| cp Sp/Cp - )
5 |CE - T:n =
—p— UP/DOWN Tcl 7 4 2
10JUP/DN COUNTER o i
9 MR 3| | -
Co 1,2CT =9 Pl
1,2CT=0
00 01 02 03 7296975
6 1 14 2 7z7371522
BCD up/down counter.

56
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4511B
7 1 2 6
Da Dg D¢ Dp BCD/7SEG [>
— m
SJEL DATOIES I 3Ny
2 Jgromn  at0n1 2
J l | | b10,11 f—2
BI 5N L
iﬂo{ DECODER . | bl e
—{ 90,1 d10,11 p—"
LI v el
= 9D, 10,11 p—
AL DRIVERS ” i "
—9D8 91011 p—
Og |05 |0e {04 |Oc [0 |0a —
14 [15 [9 [10[11 [12]13
7273717.2
BCD to 7-segment latch/decoder/driver.
HEF4512B
1 ]2 |3 |4 |5 |6 |7 |9
o |'1['2|'3|'a|'s |'6 |'7 1l MUX
11]50 I 5
13 7
1251 Y
MULTIPLEXER TN
13|52 e
J—lpjo
2N
3 1
b |
5 2 8V
5_Je
i
—L‘7
|14 7272870.3
8-input multiplexer with 3-state output.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4514B
2 3 21 22
Ag |A1 [A2 |A3
LIEL LATCHES
ZiE_O DECODER
Og [01 [0 |03 |04 |95 |06 [O7 [Og |Og |O10011|912|013|914[015
1 |9 |10 |8 7 6 5 4 |18 |17 |20 |19 |14 |13 |16 |15
7269540.3
DX X/Y

9 9

ip— 1 p—

2o T

B a2 —dco .

| i a1

L2ly 56— 2 lopa 58

2 o iaj=2= =190, 61—

U i 2 Jop4 7

2 1, g2 2 long g8

oL 6117

2 w2 BNey 102

1 jt2 11 e

iPY ML 124

132 1§ 12

14 |18 | B

1512 15 |18

7293937.1 7293898

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

DIAGRAMS/

IEC SYMBOLS

HEF4515B

2 3 21 22

Ag |A |A2 |A3

VEL LATCHES
23[E
o DECODER
Op [04 |02 |03 |04 [Os |06 T07T08T09 T°10T°11T°12T01$14T015
[ To Tio [8 |7 e [5 [a T18 [17 J20 |19 [14 [13 J16 |15
7284275
DX oAt X/Y o1
I~ 1e
2 10 210
! NS L {co e
—c4 3 =
L apL
2 g S 2 1ops spNE
o o sphs 2 _lop2 s
21 | raDifag olsa 2 Jopa TR
22 |, s 18 2 _lopg s I8
N L a il
238 1020 230en 10 20
1 e n e
2 it
. ) EY SN
1418 L
1518 15 N8

7293938.1 7293899

1-0f-16 decoder/demultiplexer with input latches.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

7274569.1

Dual 64-bit static shift register.

HEF4516B
4 112 |13 |3
% [ [ I o[
PL ki
L—'LPARALLEL LOAD CIRCUITRY l ;—;MZ
G1
L [ ] =y
2 1n
15| cp Splep i i C .
5 |CE ] 12 L o
== — UP/DOWN TCL 7 S | T
104UR/DN COUNTER 1 =
9 |MR = T~
p 1,2CT=15 P>y
1,2CT=0
Op |04 0, |03 7296917
6 1 14 2 7z7371822
Binary up/down counter.
HEF4517B
t2Le ESer——
S1oa 13 EN
e Dy 64-BIT STATIC SHIFT REGISTER SRETE
4|CPa
CP_016/D17 O32/D33 O4g/Dag  Op4 ((”Z—m
A A i
PE/EO
_3—AL INPUT/3-STATE — OUTPUT CIRCUITRY “‘M-E
[ Oeanls mx_z‘i;
Osga |2
0324 [6 MLS ¢
O16A |1
9|D
c: Di  64-BIT STATIC SHIFT REGISTER
12|CPB
CP_ 046/D17 O32/D33 O4g/D4g Ogg
PE/EOQ i
_‘i_—Bl INPUT/3- STATE — OUTPUT CIRCUITRY |
Og4p |11
O48B |14
O328 |10 4]
0168 |15 DN
=7

60
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4518B
o}
1|CPoaA 0013 CTRDIVIO0
] O1a}4 Ag = )
CP 2 i 4
l_ 1A 02als 2 Y
7 5
—cTt=0 =
O3al6 s
7|MRA |
CTRDIV10
o] 2 | 11
o|cPos 08|11 - 1], 0}1_2
I 01812 = —
cp L o R I ER
0] 1B 02813 e
038 14 7293791
15[MRg |
7269556.1
Dual BCD counter.
HEF4519B 6 |7 |4 5 |2 |3 |8 |1
Ao |Bo |A7 By |A, B2 |As [B
0 [P0 1 [B1 2 |P2 3 -|R3 7 O}Gg
9 Sa =3
MUX
wlss MULTIPLEXER §
111, 10
I I l l il
&
INH OUTPUTS oL
l 5 rJL_
0o 0 0, 03 ——§ 12
7269528.3 10 1 12 13 T
—1— 13
Quadruple 2-input multiplexer.
HEF4520B -=
OoA|3
1|CPoA CTR4
O1al4 S fol-2—
2|CP1a 02al5 2 L
7 CT 5
03a —cT=0 —
S A
7 [MRA
=
Oos |11 o 5 ol
CPoB =] o=
S o1gliz 100 | 12
cp cT
1_CP1B 028113 L _fer-o ‘ :—j
3|14
O3B|14
7293799
15|MRg ]
7269556.1
Dual binary counter.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

24-stage frequency divider.

HEF4521B
s 4 |2 |9
Voo’ 05| MR I
8’2 cp
STAGES 1108
- CD 0
3 |Vss la
- cp
STAGES 9to 16
+— Cp 016
|
cp
STAGES 17 to 24
Ldcp
|
024[018|019/920(021 022|023 04
72748621 l1 To 111 T12 T13 14 [1s 7
=1 | CTR24
3 5dov 710
- WY 1
L sdrxicx + 12
T b a2
NN 71 |14
LB
-0 1
=1
25

62
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4522B
3 5 |11 14 |2
PL Po [P1 |P2 |P3
PARALLEL LOAD
] CcIRCUITRY e
[ [ ] D |,
6|0 Cp/Sp 5 P
BCD —EV1
P, cp DOWN 13 é§
4 COUNTER 0 g
65 A
031 = o L
N 9L
82 15 16 15
119 2 1
MR 2 | |1
10 I L
3(T-0—12-
ZERO TC|12
salcr DETECTOR
7274612.2
Programmable 4-bit BCD down counter.
HEF4526B
3 5 |11 14 |2
PL  |Po [P1 P2 |P3
PARALLEL LOAD
CIRCUITRY e
L[ [ ] AT,
|0 Co/5 .
BINARY - v
3
cP B e3
> DOWN 0 o
1_1D COUNTER - E 4
——{io ——
03| 1 1t 15
82 15 2 1
10|MR o; 3 3CT=0—2-
ZERO TC|12
13|cr DETECTOR

7284109.1

Programmable 4-bit binary down counter.
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FUNCTIONAL
DIAGRAMS/

IEC SYMBOLS

HEF4527B
CTRDIV10 1
10 |12 |14 s |2 |3 Cr=9/——
| STR |CAS [Sa |Sg |Sc |Sp 7¢T-9p1—
gfcp =1
4|PL o =0 (Tzb14
| 146 =9 (T=27+3
= RATE SELECTOR 5 Ay (12136842
13]cL +10 ] 145 b7+(F CTEL9F1
COUNTER & 6
Tc|1
- — G4IPT]
11JCE TCl7 63P2) . 56—~
TG2[P4) [Tb f] &
G1P8] Sp——
7284386 V6
BCD rate multiplier.
HEF4528B 2[Rerca
A
Crca ]
_ Oal6 .
5|loa S ex
S 9O | L
A Oal7 A5
5 N7
L N
3[Cpa
14|RC1cB : 5o
E—I iﬂ- (%4
—— 14 10
Crcs | :""‘;"
Og|10 s ok
11]To8 = >
17 gj > = RETN
B Ogl9 7293890.1
13/CoB
7282336.1
Dual monostable multivibrator.
HEF4531B 7
—— 2k+1
7 16 |5 |4 |3 |2 (1 |15 |14 |13 [12 |11 |10 —6—5
o "1 ['2 |'s ['a |'s |'s |'7 |'8 |'9 |"0]"11]"12 —3"—-
. o . S —z—
O is HIGH if any odd number of inputs is HIGH 1 9
15
0 b [
13
9 7274619.1 12
B
10
13-input parity checker/generator.
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FUNCTIONAL

DIAGRAMS/

IEC SYMBOLS

HEF4532B
5 | Ein Eout|15
Gs |14
4|7 enable
2L 02| 6
2|5
1] !a
PRIORITY 04 7
13]3 ENCODER
12| 12
Of 9
11"
10| lo
72753711

8-input priority encoder.

120 o HPRI/BIN -
A dyizn 19—
L i 29—~
B Bz 0F=]
S T ) TR O
2 5715 124 194
-3 fize B3
4 i
(L T S
ﬁ;smg 16
V18 17

| (January 1995
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FUNCTIONAL

DIAGRAMS/

IEC SYMBOLS

HEF4534B

Cext

CPE —

PULSE
SHAPER

2 Cext1

CPA —

PULSE
SHAPER

L1 ol SHOT

My
= &5 el
D

ONE

OER MRg,

PULSE
ERROR
DETECTOR
CD

CPS

PULSE
SHAPER

m
(o]
(%]

MR

SA—<

1 |

JICD

cpP

SCANNER

4_

I—O

co P 0p|

01
1™ output

L 0, | _|CONTROL

D1 050

T

I

CARRY CONTROL

MUX

MUX

07

D3 04

1

[

S

CARRY CONTROL

I

(o]

cP
cd ~ Og
04

103
0

MUX

D4 03

2

co cP 09

MUX

o
N

TC

Real time 5-decade counter.

Y Y Y Y m,r{?erVrVrV

o
w

~
N
<
&
I3
o
©

o
7]
(=}

o
2

o
D
N

0S5

0S4
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4534B

SCTRDIV10
4534
230 1IL$ §
o ERR
22 34cx "
i 1 —
—x G
134
SN 314R
¥ N CTR
NS B
'LE”=° 2cr=013
731v2 o
DIV10 _cT3cr MUX
T
Facr 120
Toc 212
1 oct CT16V A—'?—
L 17
ANV 5
CTRDIVS
19
S2IE S e
242
A0 {4y (CT=06V -
-2 {0 (CT=16V [—
15 tens (CT=2067 1 — 2
(CT=369 -
(CT=4)6v 1

Real time 5-decade counter.
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FUNCTIONAL

DIAGRAMS/

IEC SYMBOLS

HEF4538B
2|RCtca
A
Crea | i n
A oale Tn-cx :
5 lOA < RCX F—
I s =
e Oal7 TN N
3 R
3/°paA | I
14|RCTcB Ewjex
1_—] 1—4—’(-RC)( 10
— 12
Crce ] = > I:
o
e Og|10 13
11]'o8 £
1_:0[> ~ ey
1B 089
13/%pB
7282336.1
Dual precision monostable multivibrator.
HEF4539B
6 |5 |4 |3 |14 ]2 |10 |11 |12 |13 140}0
62
loa|l1a|'2A]13A |S0 |S1 |los|!18 |128 |38 Bt [0 i
MULTIPLEXER MULTIPLEXER I eng MUX
5 o
— JI- al=Z
1| Eg |15 i
—3
LN
10|
Op Og n_| | 9
| 7 4 I 9 7269543.3 &
13
7293126.1
Dual 4-input multiplexer.
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FUNCTIONAL

DIAGRAMS/

IEC SYMBOLS

HEF4541B
|3 |2 |1 12 13 |10
RS lCTC Rtc  |Ao |A1 |MODE
L, cp control inputs
AR ouTPUT | 0|8
S{AR, BINARY
POWER-ON o COUNTER STAGE
MR RESET
PH J
7283068.2
12 0 TUX
13 41763
16 CTR16
RX 4 1240
—Zyedcx crd OT!
_3_._[7'1, 712
>1 1543
L bBiovon
—1G10 JCT=0v4 Fs6
5 QG8 6,8,5(——
10 4R
] —{Ns
Programmable timer.
HEF4543B
5 3 2 4
Do P8 |Pc Dp
1lwo BCD/7SEG D>
———| LATCHES I L1co [1] at0f—2
. siop—2
I I | ] 2 _1op,2  cr0)1
7|8 A =
—-—I DECODER P il
—19D,8 e10 p—=
[TITTIITIT =
6|PH
——| DRIVERS 7293264.1
Og Of Oe Od O Ob Oa

14 115 |13 |12 |11 |10 |9
7272880.2

BCD to 7-segment latch/decoder/driver.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4555B
Opala
2| Aoa 0448
DECODER Oja
3|/A1a 8 5 2 D)é s _Z_1XIY°_§_
3A |7 3 1}631 5 3 2 1=
; 28 | -
£ - T -0, ey 31
| Ea
o 14 0 on 0 12 14 1XIY° 2
A 08112 13 4 63 =il 13 4 | 3
14| Ao 04g |11 210 210
DECODER 0 = = B et
13[A18 28110
O3g|9
15/ Es
7269544 .2
Dual 1-of-4 decoder/demultiplexer.
HEF4556B
00a| 4
i o—0Al4
2] "0A 61A 5
o——~1— 2 DX 4 2 X/Y 4
DECODER | O2al6 s L A ey | e
3|A1A o—"1—- 3 1:1% 4pxs I P 1S
°O3AL € 28
1 oY A L EN N
2 Ea
‘—‘—'DDOXD‘Z L1x”g‘7
Gos |12 B % G pa B, N il
14] Aos 01811 o i
jo—1— LT a8 RLTN P 3p2
DECODER 92810
13/ A18 —
6 7290955.1 7296936
0389
15| Es
7285106

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

FUNCTIONAL
DIAGRAMS/
I

HEF4557B
9 3 12 13 (14 |15 |1 |2 —12—0
/R MR |L3z|tie|ls |La |L2 |Ly B |
4
o|10
D SHIFT REGISTER —141—5
6]P8 & 64-BITS ofn TN 21—
5 |CP i
- _3_R
— fox
7 [crg SRGIP+]
7272875.2 6 %zzg K11
1-to-64 bit variable length shift register, -
HEF4585B
10|Apg
11|Bg i COMP
7| Aq ’“—PO
o
9| Bq Oa>g[13 T tpy
2[A, —52—01 penl 12
1(8 o] 3 1 = p=q—-
2 A=B ——2 5
15 fog p>a—13-
15|A3 [T
14| B3 Oa <B|12 S Je
_6 =
4l'la>8 7l
5|la<B
6lla=8
7272885.2
4-bit magnitude comparator.
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FUNCTIONAL
IEC SYMBOLS

DIAGRAMS/

HEF4720B; V
5
Voo
1]Ao
2| A X
3[a,| INPUT  fo A L] 1616 ; RAM256x1
<Ta,] BUFFERS DECODER MATRIX - -lo
3
1. 3 :

4 7— Al
g9]As Y Y ("=
olA] NeUT DECODER ols 39 |

READ/ 10
11[A, | BUFFERS Eab 2
CIRCUIT E—"I
OUTPUT R
| BUFFER e,
15w b ® ey
INPUT CHIP o~ % - 3
12|D BUFFER SELECT A, 1D 2,AvP> 14
?C_S Vss
|16
12508053
256-bit, 1-bit per word RAM.
HEF4724B
13 70
i Ogla L S G8
1]A0 e}
- O1]s = —% co 2
2[A1| 1-of-8 — O2]6 o = .
DECODER f— 2 1 el —
03 9 CH M e
3|A2 — 8 2 | &
— LaTcHES | 94] 9 | 2
9510 | o
14|E Og |11 10
15]cL o
13D 1112 =
12
TzemaT2
7273721.2
8-bit addressable latch.
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FUNCTIONAL
DIAGRAMS/

J LEC SYMBOLS

HEF4731B; V
9| Da
64-BIT 0
63A |11
10| A STATIC SHIFT " SRG64 i
———0O  REGISTER T =
R s
D
LRl 64-BIT 0638 |8 - SRG64 8
13| TPg STATIC SHIFT 5 LU
—~——0d REGISTER e~
6lD ¢ SRG64 i
e } 1D
= ge=plT O63c |1 E>U,_.
5| CPc STATIC SHIFT
———0O  REGISTER
SRG64
.
D
6 el 64-BIT Bgap |2 i
3| % STATIC SHIFT
~—+——0 REGISTER
72746331
Quadruple 64-bit static shift register.
HEF4737B; V
|5 |6 7 8
o, CO5 co, 05
[ MUX
12| PL =
 —
13| MR ) i
| [ [ 1 o
CTRDIVZ0000
14jCP D1 D2 D3 | | D4 | | D5 i
=10 0 [ =0 [T =10 <2 2 proocr
88,
1041
SLT ZOZ}
H1D,1CT
[ [ [ [ & | wd, i e
L _deroo crd 100l nv{z:li
LATCHES LATCHES LATCHES LATCHES LATCH cr-9999 2002 |
J'LEW o ‘}num M
80048,
I f n s | =)
103CT
15]Sa :m:
17|Ss (6 I516T)CT=0
16 S MULTIPLEXER ;:‘&:- ;“g.(klﬁlbﬂl(fﬂ
£ TRk S
10CT=XX 99— 6
10CT=X9999 o1
D e
1|E0 r
Vss Voo 0O 0, 0, 03
1 1o A 2 3 18 72692025
Quadruple static decade counter.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

'9de44a1ul SN 3331/03 1

cee8LZL 1o dd0 €dO0 ZdO 1dO Adn 20/0 N3YI| uod| do
€€ s] 9 L 8 v ze 82}y O 1€
3 dd €4 zd Id 20)
. oY
4v310 301A3Q A - S = HSO
1104 131vHvd I¥001/310W3Y % & 1S3ND3Y 3DIAYIS  SOM e SoHO
2as’19a uod'g) uod'g) | uod 'dd
| z
v 010 © 10Ia Asa
VvOd'0dd 11 4 NLY 4 14 " L1419 SVdS
‘Ndd’ dd’ 3dd O1'vVIW
z [ €
ads{S q¢
z € ‘3dS'V10 Y
3 b 31" uo| ANNVIW VIN VLIW'VIN uoy
LTTOCCOT®TTITI D VOLLY v‘N SvdS
e FFZ61R323LL8cR o dso
IS
zolal T 53
uod uod
el o NOSIYVANOD SS3HaaV HINILS o "dd HINIVL = o€ 50
voial any \
- 6¢ anv / z 2 X sie0
N w
- 9NIQ023a 39vSs3 any / - s LT
== | \\ \
felellel] NLv
4 9 (2 G it = Niv ¥ s
Ze]e]] > 65 55 // 7
o4l al|
v|vv|ev|ev|iy N\ ’
— _ _ _ _ _ anv N\ /
Ao IVHSONVH INVHSANVH
22 X 2ggrday ¥0L1d300V 308N0S P
pai 1934 141HS A41IN3AI
H31S! 41HS = pop |- P2PO
z
ssp —{ oz PAP  Ova Qdd Ava
Api Ava va ady
aap — oy
se| ve| o ABELEIAN 6 vi| o o s e e n £z 9 vz
600 WO paiQ I8 Api| PAPO OVOO Q4HO AVl NLVI 2411  AVdO ovai [<EEY]
A8ELV4TIH

January 1995\ (

74




FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4750V
|14 |28
V, Vi
ss DD ot
L P-MOS
REFERENCE £1:2:10 PHASE L swiTcH | PC2|q
OSCILLATOR |—»{ or 100 +11t0 1024 '—-‘ COMPARATOR \—T\I-K/IZ)E
L NC
T TTTT ITITTeren i
PHASE COMPARATOR PC
PROGRAMMING PROGRAMMING 118
LOGIC LOGIC (SAMPLE &P(P;IOLD TYPE)
PHASE M
MODULATOR
0sC XTAL NSO NS, AO Ag OUT|R \ TCB |MOD|STB TRA TCA TCC.
22 21 23 24 26 |25 |1 |3 |27 |2 6 5 7
10 12 | 15 17 |1 19
1 13 16 18 20 I I
programming inputs
D reference divider Cal CD=F: Ra [/ Co=
crystal standard [ ~ il
external circuitry 7284473
G CTRDIVm
2,
PARDS +
DX
, 041
2 142
)
23—1}63 20 [
34100
111+ CTRDIVm
ol
1
12
13
15 | 26
6"
17
18
19
0o
1o [
" f £ COMP2
‘s—b-> o> H191V/Z12
g fp1<f292
21 D¢ A W
1 fi<falft>fof—2
25 8 ov2R
[
112 YCOMP1
p - Prapob—38
& seTRA
3 seftea
Isefrcc
Frequency synthesizer.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4751V
4 |3 |2 | 15 11109 |8 |7 |6 |s 13 12
Ap|Ay|A,[Ag : Y sI @D L= OB PC PE
B . y v v
16170 PROGRAMME DECODER
1718 SUBTRACTOR el PROGRAMME
18/82 e _? = COUNTER
B D 0 dsub I~~~
19153 CARRY FF i g
ST
—————— - dg dy dy dg ds dg dg | loa
14 r o d1 d d3 dgq dg dg pulses
v g ! dg 6
]
— =
| 1838, | < < N 180
|
I LATCH LATCH LATCH
TCH I
Ee : Mms M H
20N " "o ] N e D O D O
co, - c1 = & 64 -
G5y | PRESCALER | | " o125
. B = M 2
2113 F1L2510/11 e Fnyg/ g1 =10 R
| L 2
1
o __Q_ 1 _ 0o T ’
5 s Rsa | LATCH
switches 1 P4
1
d
3
A4
l 5
T I
OFB | LATCH
2417713 « RS3 |
| N3
1
dy "
v v Y ‘1
——— I
OFB | LATCH
23 2 = o
1 2
1
. l l & vVVYyVYYyY
OFB RI
22 ! « RS1 < RSO  |e RSH 26
______________ o
LATCH |e LATCH L] LATCH
nq 4—d1 d0—> No dg —» nh
Vbp  Vss
|28 I14 7284471
Universal divider.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4751V
4]
UNIV DIV
HEF4751V
12 teen Fsf—25
B lpok Fr—2
26 ~w 122
20 1IN | 23
1515 [sorrOW] 324
4 g sy p—21
3 opb—1
PN L0
[N .9
16 _nJ oo| pb—28
17 _nJ S
18 [DATA B L6
TN L5
Universal divider.
HEF4753B
9 18
PREDIVIDERS Vss Voo

17 JOP i 16:1 l16:1 | 16:1
16:1 2561 4096:1 16
W

MULTIPLEXER

x [15
[ ¥
Ls| SYNCHRONIZATION EVENT 8-BIT
il i AND —»| FLIP- |e— PROGRAMMABLE
»|  EDGE-DETECTION FLOPS COUNTER
Y 4 4 b 4
13]LFC T ‘———J
12|y l MODE SWITCH
T OUTPUT MULTIPLEXER
1]z
——r ouT A |B |c |p |E |F |G |H
10 112 (3|4 |5 |6 |7 |8

7283573

Universal timer module.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4754V

>

27 | Vref max
R1
R1
] ]
I
]
R1
26 | Vref min
25 [ Ve
Voo
rh
(I}
[
YoV
1——1 OSCILLATOR
-
o
»
Vss |,
1
3|lp MODE
2|13 SELECTOR

LATCH
AND
DIVIDER
CIRCUITRY

18-element bargraph LCD driver.

7285217
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF4755V
b imicn
2 R )
TT0,TT1 > > e
RX, TR, AS 3 BIT CHECK |¢—] CODE
START, 3, | contrOL RECOGNITION
CLK, R 7 ky
3
BD%’,SEY#R} * STATUS [
HD 5| REGISTER 3
MLO, ML1 2py /AN L.
DIOO SHIFT
Bo7 <:::.|—18 ) j\> REGISTER REDUNDANCY
FOR BYTE
; FORMAT CALCULATOR
PROTECTION &
() grART & CHECKER
CODE CHECKING
Voo — GENERATOR
v
ss —
+ f i N MO
TST —
MOS
7284756
(1) Only used in the asynchronous mode.
Transceiver for serial data communication.
HEF4794B

24P 8-STAGE SHIFT og’
REGISTER

T

8-BIT STORAGE
REGISTER

[T

15—EQ 1 OPEN-DRAIN OUTPUTS

[oo]o1]0z]0s]04[0s]06[07
14 Ts Te 17 Tia Tiz Ty2T44

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

HEF4894B

21D 12-STAGE SHIFT Og' |12
REGISTER

HEEENREREEE S o

12-BIT STORAGE
REGISTER

HENENNENEED

18 1FO OPEN-DRAIN OUTPUTS

l°c Iov l°2 |°3 l°4 l°5 I°e l°7 loo |°9 ]010101\
Tals5(61718918[17[16]15]14 113

12-stage shift-and-store register.

HEF4938B 2, RCrca
“Ictca 11 I

oals Lo ex
5 Toa 2 Rex -6
2l s >
4 e
] 1A OA 7 SN N
el N

affoa T LT

RC Badex
14 TCB 14 10
= Lo rex
15 12

A"

7

Crcs

- Ogl10
‘o8

:OD ~ e
I1g OG89

Cos

o

N

|

&

7282336.1

Dual precision monstabe multivibrator.
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FUNCTIONAL

DIAGRAMS/
IEC SYMBOLS
HEF40097B HEF40098B
| o | o
2l 13 2|1 De 1]3
= )
a2 O2|s5 in ey 4|'2 Jl>c O2(s ey
I 0 > | o} >
sl's | N 3|7 & ol 6]'3 Tk i 2 hs
2 | | 5 N M6
10f'a NG O4l9 £ | | 10|'a . O4l9 5] N7
10| | o 10 ] I~
] '264 1B en iEO4 |> ; LT\
14l's Ny 95|13 B 14]'s 05|13 >
P 12 . il O 12| g
J 14 13 ,__j 14| 13
12 Is ’\ 06 1 7293678 12 le Dc 06 1 7293679
EE_Z Lﬁz ‘|>;
72753941 7284403
3-state hex non-inverting buffer. 3-state hex inverting buffer.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF40106B

"

7274608.1

Hex Schmitt trigger.

HEF40160B
3 4 5 6
Po P Py P3 1n]g cTROIVIO
o 2 M1
9 |PE z_J
2= ——— | PARALLEL LOAD CIRCUITRY T b
2—>c2/|.:.4,-u
10]cET 5
E. PP
7 |cep = .
" INH 1|15 .
CcP DECADE COUNTER =
———Cp ]
1|MR
OO O] 02 03 4CT=9 ——
7293610

14 13 12 1 7275109.2

4-bit synchronous decade counter
with asynchronous reset.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF40161B
3 4 5 6
Po |P1_ |P2 |Pa . cmRe
- 9_ M1
9 | PE 2]
=4———————0O PARALLEL LOAD CIRCUITRY e
l——>c2/|,3.4o
10|CET = |
2 170 LY
7|cEP > - 12
2|cp INH TC|15 5 | 12
CP  BINARY COUNTER
] c 6_| 1
—___'—0 D
1| ™R 15
00 01 02 03 4CT =15 p—
14 13 112 1 AZBBIAS .
4-bit synchronous binary counter with asynchronous reset.
HEF40162B
3 4 5 6
Py Py Py P3 10, CTROIVIO
9— M1
= 7
SfPE o PARALLEL LOAD CIRCUITRY Egj
ol (. P
1|SR 25 c21,3,4+
10|CET = C
3—|_,2D 14
_7]CEP 5 4| | 13
2|cp INH TCcl15 5 | i
CP  DECADE COUNTER
8 | 1
15
0y |07 |0 |03 il e
14 13 12 1" 7275110.2 EERELS
4-bit synchronous decade counter with synchronous reset.
HEF40163B
3 4 5 6
Po [P1 P2 |P3
S{PE o PARALLEL LOAD CIRCUITRY
S i)
18R
10]CET
7 |cep 5
2|cp ih L=
CP BINARY COUNTER
15
00 01 02 03 4CT=15 p—
72856116 A2A361Y

14 13 12

1"

4-bit synchronous binary counter with synchronous reset.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF40174B
3 4 6 11 13 14
Dg D, D, D3 Dy Dg 2 S
1
R
I N N N N I N N
o FF FF FF | FF | FF | FF S 2.
cP r 2 il 4 5 6 | 51,
" 6 | | 7
D 1 10
ofce 7 i 7 7 T 3 s
i )| | 1 )| 1 15
1| MR Og 04 0, 03 Oy Og 7293658
7273706.2 2 5 7 10 12 15
Hex D-type flip-flop.
HEF40175B
4 5 12 13 i
Do D, Dy D3 N
Lo o - e — — 4 2
—i1D
_lep FF | FF FF FF 2
1 2 F 3 r 4 7
o - — = w
Cp juat
| 10
9|ce 7 7 j 2 i
= )| — | _ )| i
1[mR o/ [0g o, |og o, o, 03| |03 - [
72737082 3 |2 6| |7 1] [10 14| |15 —=ror
Quadruple D-type flip-flop.
HEF40192B
15 1 10 9 C:;:TRDIV‘IO
PO P1 Pz P3 2+
1] PL o| PARALLEL LOAD
CIRCUITRY 1—
o ] [ |
B ] /s TCyl12 ]J
4| CPp UP/DOWN 5[ 3
COUNTER TCpl13 1 L2
14| MR |c 10 | | &
9
0g [07 oz oz =] -
P 13
3 12 5 7 3cT=0 P>—
7269546.3 er-g N1Z
7293717
4-bit up/down decade counter.
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FUNCTIONAL

DIAGRAMS/

IEC SYMBOLS

HEF40193B
15 |1 o |9
Po |P1 [P2 [P3 e O
e 5
11| PL | PARALLEL LOAD > 2+
& CIRCUITRY N
& | I D>1-
Cp/S, e G2
517U 1Cp/Sp TCyl12 i
4| CPp UP/DOWN L .
COUNTER TCpl13 [E3N pes 3
14| MR_| | 3
D S | 2
10 6
0y |07 0, |0 —
o (01 |02 |03 ' n
3 2 |6
7269546.3 2cT=0 N18
Ter=15 12
7293718
4-bit up/down binary counter.
HEF40194B
2 |34 |56 |7
Dsg Po [P4 P2 P3 DSL /SRG;
C4/1 = |2 =
9|S
0 }ME
s CONTROL LOGIC &
10[51 .
-
LTI 2 {ie | s
11|cp  [by O 2340
0“0 A = 14
1 |im FF1 to FF4 P P
S _Jsap | 12
00 01 02 03 L Jsap
7274262.2 15 14 13 12 7293139.1
4-bit bidirectional universal shift register.
HEF40195B
4 5 6 7
Po P P2 P3
o 9 SRG4
9 |PE M1
O| PARALLEL ENABLE CIRCUITRY 1],
—g— J 10 c2/1 -
, =
3 K b -~ |
N £
2 20
5—1,2D i
10fcp Do D, D, D, s | N
1|MR ole SHIFT REGISTER 4 -BITS : =
=7 ps11
OO 01 02 03 63 7290785.1
15 14 13 12 |1

7269826.3

4-bit universal shift register.
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FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF40240B
2|'a1 Oa1]18
4|'a2 OA2 |16 I Nen
.—T 2 ] D wvhit
6]'A3 Jl>c 14 4| 16
3 8 | e
& 12
8 |'asa Oa4 |12
1|EOa 4 BN
11 81 Og1] 9 nl p ghs
: 4 13 A
185} NS
13| 'B2 Og2| 7 =0 5
;—j 7290962
15| '3 5 035
17| '84 |,> O4|3
19|EOg 3
7286699
Octal buffers with 3-state outputs.
HEF40244B
2f'a1 N Qa1
4
4|'a2 N 9A2|16
l/l L EN
| 0a3 |14
6|'a3 1l>____ 5 ola
i 4| 16
8llas | N 9a412 s | | 14
1 |EOA [{ . | 12
19
1] 'g1 Og1| 9 =N
o) nl > ol
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Octal buffers with 3-state outputs.

86 January 1995\ I



FUNCTIONAL
DIAGRAMS/
IEC SYMBOLS

HEF40245B

2|% N Bof1s
=4

3|A N Bq17
t

alh2 | NO B2]16
|7¢
S ¢

5 (A3 N B3|1s
<4
¢

6 | A4 g Bg |14
\ =4
|

7[As N B5)13
t
| -

8 |"e N Bg|12

3

flemmnit]

9 |A7 _ P By 11
L4
B}

7283581

Octal bus transceiver with
3-state outputs.

18 Ngs

ﬁssm
1l f3en2

w1 4
LE D 2w

L]

i
3

;
k

r
?G

F
?:

1
?&3

;
k

i
t

7287849

\ (Ianuary 1995 87



FUNCTIONAL

DIAGRAMS/

IEC SYMBOLS

HEF40373B
0
31Po || || of 2 isl
4 |Dy O1|s -
=" I c1
7 |P2 | 5] 02]6 ~
g |D3 O3] g 2 1o D w2
> | LATCH [| 3-STATE [~ i | | s
13|Dg || 1tw8 || ouTpuTs 412 i S
14|05 Og |15 R | .6
- T = 8 9
D 0g 1 = =
17|Dg - || os 6 & | s
D 7[19
18|97 r___ (- " | L
11|E 17| 16
1|EO 18 | 19
7293252
7283575
Octal transparent latch with 3-state outputs.
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Octal D-type flip-flop with 3-state outputs.
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SUMMARY

SUMMARY OF IEC SYMBOLOGY

INTRODUCTION

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

/cummon control block

B — a

7222211

Fig. 2 Common-control block.

general
qualifying symbol

outline

qualifying symbols

> output lines

L

input lines <

7222210

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.

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. Its function must be indicated by a qualifying-symbol
within the outline.

a—I

b —————1 } e
c 9

7222212

Fig. 3 Common-output element.

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.

90
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Table 1 Qualifying-symbols - General

qualifying- qualifying
symbol definition symbol definition
& AND element. If all inputs are at internal P-Q Subtractor
logic ““1”" then the output is at internal
logic 1" CPG Look-ahead carry generator
=>m Logic threshold element. |f at least m inputs I Multiplier
are at internal logic ““1"" then the output is
at internal logic 1" COomP Comparator
=1 OR element. If at least one input is at ALU Arithmetic logic unit
internal logic 1" then the output is at
internal logic “1" ﬂ Retriggerable monostable element
=m m and only m element; if
m inputs are at internal logic ““1" then the ﬂ Non-retriggerable monostable element
output is at internal logic 1" 1
=1 EXCLUSIVE-OR element. If only one input G
is at internal logic ““1”" then the output is at I | l | Astable element
internal logic 1"
= Logic identity element. If all inputs have 1G
the same logic state then the output is at I I I | Synchronous-starting astable element
internal logic 1"
>n/2 Majority element. |f the majority of inputs G!
are at internal logic ““1" then the output is I l I | Synchronous-stopping astable element
at internal logic “1"
2k Even element. If an even number of inputs SGRm Shift register. “'m’’ = number of bits
are at internal logic ‘1"’ then the output is
at internal logic “1" CTRm Binary counter. “m’’ = number of bits or
is an indication of the cycle length 2™
2k+1 0Odd element. |f an odd number of inputs
are at internal logic “1” then the output is CTRDIVm Counter with cycle length m
at internal logic ‘1"
ROMm1xm2 Read only memory i Taithe
1 Buffer element without specially amplified Aitiberof
output. If the input is at internal logic 1" PROMm1xm2 Programmable read only Words
then the output is at internal logic 1" memory
Buffer elemtn with amplified output. The RAMm1xm2  Random access memory i
. ool " : m2 is the
or triangle points in the direction of signal
flow CAMm1xm2  Associative memory npmber o
bits per
Bi-threshold detector. Schmitt-trigger FIFOm1xm2  First-in/first-out memory word
_g— 1=0 Initial logic 0" state. When power is
X/Y Coder or code converter. X and Y may be switched ON, the element goes to internal
replaced by appropriate indications of the logic 0"
codes used
1=1 Initial logic ““1"" state. When power is
MUX Multiplexer/data selector switched ON, the element goes to internal
logic 1"
DX Demultiplexer
NV Non-volatile. The internal logic state is
MUXDX Bidirectional selector. MDX may be used as maintained regardless of power ON or
an alternative symbol OFF
z Adder
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Table 2 Qualifying-symbols - Inputs and Outputs

a ‘grey box' symbol. Within the ‘grey box’
outline, the ® 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) corresponds to an internal logic ““1"".

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

qualifying- qualifying-
symbol definition symbol definition of input or output
(] Very complicated element. Depicted by 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

Polarity indicator at an output. An internal
logic ““1"" (*“0"") at an output produces a
logic ““L" (LOW) level (“H" (HIGH) level)
at that output

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

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

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)

Non-logic connection

Input for analog signals

Input for digital signals (used only to avoid
confusion)

7222225
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Symbols inside the outline Table 3 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 symbol inside

here are self-explanatory.- Generally these are associated with outline explanation

arithmetic operations but all are in accordance with the |EC = i —

system. When non-standard information is shown inside a / Solidus. Separator used in input and

symbol-outline, it is enclosed in square brackets. output labels, May be interpreted as an
OR function

It can be seen in Table 3 that open-collector, open-emitter and

three-state outputs have distinctive symbols. Note that an enable . Comma. Separator with no logic

input (EN) affects all of the circuit outputs and has no effect on significance

the inputs. When an enable input affects only certain outputs

and/or one or more inputs, a form of dependency notation will “‘I]— Delayed output symbol for pulse and

indicate this (see ‘Dependency Notation, EN-dependency’). - data-lock-out elements. The output change

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.

is delayed until the input that initiated the
change (e.g. a “C” input) returns to its
initial external state or level

Iﬂ'_‘ Bi-threshold input. Input with hysteresis
';2 Open output with low-impedance “/L"
Mo (LOW) level
'é Passive pull-up output. Similar to open
i, output with low-impedance “‘L"’ level but

with a built-in passive pull-up

_2-5 Open output with low-impedance “H"’
. (HIGH) level

7222226
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QUALIFYING-SYMBOLS (continued)

Table 3 Symbols inside the outline (continued)

symbol inside

symbol inside

-

. Enable input. When at internal logic “1”,
—EE_N_ 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, KR, S, D Information inputs of bistable elements
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
orCT

ma i

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

—fin
i

Content output. "*"" is the value of the
element that sets the output to an internal
logic 1"

(e.g. CT=0,CT >5,CT #4...9)

""" Line-grouping symbol. The inputs or
:ﬂ ______ []:outputs enclosed by this symbol form a
single logic input or output

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

7222226

outline explanation outline explanation
"3 Passive pull-down output. Similar to open 7,; Fixed-state output. This output is
= output with low-impedance “H" level . l permanently at internal logic 1"
but with a built-in passive pull-down
Three-state output a..g Seven segments of a display element

Extension input. Input intended for
connection to an extender output

Extender output. Output to an extension
input

Operand input. This input represents one
bit of an operand on which one or more
mathematical functions are performed;
“m’’ is the decimal equivalent of the
weight of the bit. If the weights of all

Pm inputs of the element are powers of 2
then “m"’ is the exponent of the power of 2

Operand input. See Pm

‘Less-than’ input of a magnitude comparator

‘Greater-than’ input of a magnitude
comparator

‘Equal’ input of a magnitude comparator

‘Borrow-in’ input of an arithmetic element

‘Borrow-generate’ input of an arithmetic
element

‘Borrow-generate’ output of an arithmetic
element

‘Borrow-out’ output of an arithmetic
element

‘Borrow-propagate’ input of an arithmetic
element

7222226
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symbol inside

symbol inside

outline explanation outline explanation
= ‘Borrow-propagate’ output of an I . Dynamic input. A transition from logic
_B_P]— arithmetic element e “L" level to ““H"" level produces a
transitory internal logic ‘1"
_[d- ‘Carry-in’ input of an arithmetic element ,:[ . Dynamic input. A transition from logic
=8 — ““H" level to “L" level produces a
transitory internal logic ‘1"
—[C_G_ ‘Carry-generate’ input of an arithmetic B ‘I o Internal connection. A logic ‘1" at the
— element 1 left-hand side produces a logic “1"" at the
right-hand side
_C_Gl ‘Carry-generate’ output of .an . E“ Negated internal connection. A logic “1"
W arithmetic element i, at the left-hand side produces a logic 0"
at the right-hand side
'C'Ol ‘Carry-generate’ output of an “}" Dynamic internal connection. A transition
s arithmetic element L from internal logic 0" to internal logic
“1"" at the left-hand side produces a
transitory logic ‘1" at the right-hand side
C; ‘Carry-propagate’ input of an arithmetic .
2 element i Negated dynamic internal connection.
__L%__ A transition from internal logic ‘1"’ to
internal logic /0" at the left-hand side
-C-P]—— ‘Carry-propagate’ output of an produces a transitory internal logic 1"
Sl arithmetic element at the right-hand side
{“ Internal (virtual) input. This input is
i Result of a multiplication o always at internal logic ‘1"’ state unless
it is affected by a dependency notation
z Result of an addition
- '} Internal (virtual) output. The effect on the
P-Q Result of a subtraction = internal input connected to this output
must be indicated by dependency notation
G- Added information
7222227
om Clock phase. “m" is the clock phase 77 Internal transmission path. Internal logic
number Xm ‘1" enables internal transmission path.
---  Internal logic ‘0" disabled internal
% C;(- Connection for external capacitor(s). X transmission path
ol .
7222207
*{R_X_ Connection for external resistor(s).

7222227
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DEPENDENCY NOTATION

General conventions of dependency notation

Dependency notation is the powerful tool that makes |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); “2Z"
(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).

— 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 G1 a 21
b—: = b n

7222214

Fig. 4 ORed affecting inputs.

a 0] a
b 1 c-
oo,

7222213

Fig. 6 Substitution for numbers.

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).

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

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

G-dependency

The traditional method of showing an AND relationship was to
use an explicit drawing of an AND gate with the signals connected
to the inputs of the gate. With IEC symbology (see Fig. 7),
input “b”" and input ““a”” are ANDed together and the complement
of “b"” is ANDed with “c”. The letter G has been chosen to
indicate AND relationships and is placed at input “b”, within
the outline. A number considered 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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o

2

1]
..

7222214

Fig. 7 G-dependency between inputs.

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. 10).

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.

3
e

Pl

7222214

Fig. 8 G-dependency between outputs and inputs.

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

7222214

Fig. 9 G-dependency with a dynamic input.

1l

—

7222213

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. 11).

am—Jo |0
2 c

7222213

Fig. 11 N-dependency.

When an Nm-input (Nm-output) is at internal logic “1", the
internal logic state of each input and each output affected by
Nm will be complemented. When 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. 12).

—3— = 40

]

3

3

~

a G‘r-- c a
b 1z2__ b

7222215

Fig. 12 Z-dependency.

C-dependency

Control inputs enable or disable the data (D, J, K, R or S) inputs
of storage elements (see Fig. 13).

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.

a—Ai20
b—i20 =
c G1 =
a—c2 _
7222216
Fig. 13 C-dependency.
EN-dependency

An ENm-input has the same effect on outputs as an EN-input
(see Table 1) but it affects both inputs and outputs that have
the identifying number “m”, whereas an EN-input affects all

outputs and no inputs.

The effect of an ENm-input on an affected input is identical to
that of a Cm-input (see Fig. 14).

i b
a EN1 0 ald
T d
----- Ofc
R 1/d

Fig. 14 EN-dependency.

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 (see
Fig. 15b).

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

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

When an Smor Rm 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.

a bjc d
a—iS S T olc 8
o 1o 1
b — d
P 10010
a L1z 2
a b/2=={3+
_:] a bjc d b 6} 9
2 ol 0 0fc d ¢ i ™3 .
0 110 1
b—R 1 d 1 ol 0 d——2,40
e——140
bli1]1 o0 +—hao |-
" ,| a bjc d
a S 1 T olc g .
0 1]o0 1 All operations are synchronous.
b——R1 1 d
10110 Mode 0 (b=0, ¢=0):
c L 1fo 1 The outputs remain at their existing states as
the inputs have no effect.
a —51 1| a ble d Mode 1 (b=1, c=0):
0 0fc d Parallel loading takes place through inputs
0 1 o 1 ueu and “f”.
b——R2 2 d
1011 0
albiafia Mode 2 (b=0, c=1):
Shifting down and serial loading takes place
through input ““d”".
o ” a bjc d
3 S1 2 0 0lc 4 Mode 3 (b=c=1):
0 1|0 1 Counting up takes place in increments of 1 per
b R2 1 d clock pulse
1011 0 B
el1 1]o o
7222217 ¢ S
Fig. 15 S and R-dependencies. L 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——C2 NMfp—d
c—120

7222218

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

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

Fig. 17 Flip-flop type determined by mode.

a M1 1CT=15T—b
. icr= 0
[} ]

—n

[} i
i 1
' 1
7222218

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.

a—-IM‘( 1CT=9p——b
]
I i
1 i

7222218

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

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

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

—
N :}Mg @13)4 e

: 0,4 —f

d—G5 S

7222218

ngrr

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 ‘¢’ (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.

100

January 1995




|EC symbology

SUMMARY

A-dependency

Using address-dependency gives aclear 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.

[LLL LT

7222220
Fig. 22 Array of 15 sections of four transparent latches
with 3-state outputs comprising a 16-word x 4-bit
random-access memory.

. When a Xm-input

EN1

2,40
3,40
1,40
260
340

wlrol s fwlro] =
E

7222220

Fig. 21 A-dependency.

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 differ from those of other affecting dependency-inputs
(e.g., G, V, N, ..), because in the general section represented by
the symbol they are replaced by the letter A",

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

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

X-dependency

(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)

1/2 1/2

—x1
—{x2
—{x3
— x4

—Ixs

s_l

-

b —

1,2/1,356/1,34
45/13,4/234
2,35/23,4/1,2

2,35/1,35/45

14> »b

X1 1T e
14— d

7222208

Fig. 23 X-dependency.

1 2
.-/O--Q/O— — ¢
'

7222209
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‘ L 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 G 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 R affected output  no effect
reacts as it would
t0S="0",R="1"
set 5 affected output  no effect
reacts as it would
t0S="1",R="0"
OR \ imposes ‘1" state permits action
inter- z imposes “1"" state imposes ‘0"’ state
connection
transmission X permits action permits actions
path

7222219

g

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.

* 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’.

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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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 inputs and outputs.

XY

Fig. 25 Coder general symbol.

XY
1 fp——d
2 i 2/3] e
5 : 3 —f
4 I
9
TRUTH TABLE
inputs outputs
c b a gf e d
00O0(|0O0O0O
001(0O0O01
010 0010
01 1 0110
100010 1
101]000O00O0
1100000
a9 1000

Fig. 26 An X/Y code converter.

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.

X/0CT

1p—d

2] e

a 1 3p—f

b—»2 4—q

c— S5}——nh

6—i

] |

TRUTH TABLE

inputs outputs
c b a i | higt ed
000|0OOOOOOW
00 1 0 0O0O0OO 01
010|00O0O0OO0OT1TO0
[ I 00O0OT11TO0DO
100|00O0OT1TO0O0O
10 1 0010000
110(01000O00O0
1T 1 1 1000000

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).

X1y
0161
1462
21V

2/34NS

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).

XY
01-A0
14-A1
21A2
31A3
41AL
STAS
61A6
13A7

|

< e 04G5
}Gé 11G6
24G7
) 44-G8

l

7222222

Fig. 30 Use of the bit-grouping symbol.

XM XY |
0+ " 04MO0
) 11 = ) 14-M1
2T 2+M2

1zzzeze

Fig. 29 Producing one type of dependency.

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. |f one of the functions of
an input is as an unlabelled input to an element, a solidus will
precede the first set of labels.

USE OF BIT-GROUPING TO PRODUCE AFFECTING
INPUTS

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

a i~~~ a -
b——G2 = b—a2
¢ [1R/1.2R :——I::TR
2R __
= ot — iy
b 2101 = b
G €Y e

=
=
1 1
| |
1l

g e
Gl___

Fig. 31 Input labels.

7222223
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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).

7222223

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
“mD" may be placed behind the bit-grouping symbol provided
that the proper order of all the other labels is maintained (see
Fig. 33).

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

fe™ fce™ " "
b 0 = b——800 =
c 80,A c— A
s d—802l____

7222223

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. 34):

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

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

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

Symbols for open-circuit or 3-state outputs, where applicable,
are placed just inside boundary of the element adjacent to the
output line, except when using the bit-grouping symbol (see
Fig. 37).

Fm———

V2375 : 2,3‘&1.,*5v[L
= Gl :
ENS NS _____J

7222224

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. 35).

i
=
)
o
A oo
a8
2]
]
W oy

R 16
[”f-:c_T:JSB]

7222224

=3
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!
bi
=i
A
o
Ly
\_?
]

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).

7222224

Fig. 36 Factorizing output labels.

If the bit-grouping symbol for outputs is used and the sets of
labels of all outputs grouped together differ only in the indications
of the weights, the sets of labels may be shown only once between
the symbol replacing “*’ and the grouping symbol (see Table 3)
provided that, except for the grouping symbol and the weights,
the proper order 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.

7222224

7222224

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;

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.

135
2.4

the unused pins are detailed in a table including information 7222228
on whether these pins may remain open (floating) or are to be Fig. 39 Example of Rule 2.
connected to a certain voltage level.
. D D1 D2 D2
A 1 C
2 12=Bz1z = 12=Dnsz
o Hal

[ ot Jmwwo T w [ 7 ]

01 [0 Jwn [ 7]

D
[0z TwoJus2] 7 |

[
[o2 TmoT w [ 7]

LiTem [ Tyee [Hev) [Lov) | ITEM | TYPE [HBV) [Lov) |

[ 1mem [ 7vee [HEW) [Lov) ]

LTeM [ TYPE [ HEW | Liov) |

D3

E CTRDIV10
H <=Mt
H<¢——1G3

st Gl
—p 21346+
LBR
5 r
7.20

=

@

|

,,
o i |+ |w
]

|

@

CT=9|

D3 [74LS160] 16 8

ITEM | TYPE | H(5V) [ L(OV)

D3
F CTRDIV10 i
10 0
—2 G1 13
1——->1+ ) 12
—DeT=0 1
F
D3 [74LS160{ 16,79 183456 15
ITEM | TYPE | H(SV) | L(OV) NU
NU=NOT USED 7222234

Fig. 38 Examples of Rule 1.
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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.
TR
3 & 7CT=0
o ——
[F0% o ™ | CTRDV0
o T 23 12,1
10 0 = —l2 T Bes -
G2 DIV2 T
ol [ 7 1h, 12 NN
WS 5 105l Mg X - u 6 s
0 — S DIVS Al 0%
3 v 5
1 0 5 1 OE 7222231
fz —_ 32 ﬂ‘;wz/s * M b
pasi] P —3/7 2
152 IREI S
FS S - EN
13
12; 7222228
—Iney
Fig. 40 Example of Rule 3 showing 8:input
multiplexer. Fig. 42 Example of Rule 4.
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. 1; a7 CTRDIV10
2 4018
15 e
1 B . -
=% SRG hs 15 do )]
—£—0 1 N6
3 4 [3
——20 Z4 4
=12 SRG i
+5 10 750 6
b
i 5 54 5 I 1
12 20 13
A B € A
7222229
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
Fig. 41 Examples of Rule 4. used as a divide-by-10 circuit.
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SIMPLIFICATION

RULE 5 RULE 6

Combining elements together to form one element is allowed A circuit consisting of a combination of two or more elements

only if all pin numbers can be shown.

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.

7222232

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

Fig. 46 Example of Rule 6.

7222232

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

Fig. 46 Example of a multiple symbol showing five

16x4-bit RAMs connected to enlarge the number of words.

o1
. [RAM16xt
0
15 "
i At
123 3
o1
312 D1----05
Lsen ; RAM 80x4
g =5 5 55 | :
- L) u,ESx 1AE
9 13 =5x
1 H
2__NoaosGs
;—hzwas
4 £ N
. = 2A2/65
b " = 2 ___™NoA3GS
!
. T
[ RAMT6xt = R
- 0 e (LYY v
W | PA% g L
5 & o]
13 3 10 =5x
2 61 12E5x
3L-1CZ Sl 7222235
1EN
b D20 AvP—2
6 7
10 9
12 -

5
5x— 7
5x— 9
5x3 1
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SIMPLIFICATION
D1
; 'RAM256x1
2
15
I 0
9 Aﬁg
10
1
1
3
&
L \GZ
5
’Zlbzsn
201
Do B _om Avp—S D1//D2//D3
o RAM256x3
; RAM256x1 =
2 G 15
15 —1
3x A-O—
7 o 9) (A755
9 AL S 10
- 255 =
11 = > tapy
= vy
10 =N
TN — 2N e
i & 3x 53x o
G2 5
5 125N
12LBZEN Y Ezm ‘J
201 g————f E A1D AV| :
D1 3 ﬁ_@ 0L__ 18 Ihp AV
AD AV .
0 2B he AvP—
RAMZ56x 1 RS
1
2
15
! 0
9 1A%
10
11
-
z &
G2
5
12L|>2EN
201
02 13 B Avp—2t
Fig. 47 Example of a multiple symbol showing three
256x1-bit RAMs connected to lengthen the word.
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RULE 8

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

=

|

J

I~

|

w

|

e

® =~ -

o

EN

XY PROM32x8

0y —L [0JAV
|2 L4 1AV

1v 1
v 3 o] . 21V
37 —4 = —] Ao (B1AV

v = 3 3

5 (LAY

bV — 1%
57 }—6- -t (SIAV
6v —— (61AV
g |2 5 ey [(7IAV

LLLLLLLL

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| basic/symbol| and| eight| applications|of a D-element
with “S" and “R"’ inputs.
2 5 PN T S
3 b 3 b
NS EE )
P N ] Lblur_é
(A) basic symbol (B) as for (A) but with “R" and S" dependency
N rro NG g —2
3 b 0
NS e )
anle L6 N .
(C) D-input (L") (D) as for (B) but with “S"" and “R"’ dependency
(note change of ““R" and “‘S"") 3 5
T TR §
A N
1N R N 6,2
(E) divide-by-2 (“T"’) element
3 ETR1 5 3 ETR1 5
L Neqog L Nt
1 N0 2,6 1 Nt p26
(F) divide-by-2 as a limit case of CTR (G) as for (F) with down-counter
3 ER |5 o R L5
A e N
1 Np ] B N . 6
(H) function at pin 2 = “L", or as indicated in a table (1) function at pin 2 = ““H", or as indicated in a table
7222230

D-element with “R"" and "“S”" inputs.

Fig. 49 Example of application-dependent symbols for edge-triggered
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HE4000B FAMILY-INTRODUCTION



INTRODUCTIONJ L

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:

® |ow 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 DIL, ceramic DIL and plastic mini-pack (SO) packages)
—b55 to + 125 0C (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 O— Ii—)J —O VDD
—
B —
-—I'.i_ output

-

7273764

Vss

Fig. T 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*.

72737414

6
logic
OVl e e sl o o s i i
) unbuffered /
4 C-MOS gate
T
21 ™
[SRIVES 1us input
input
fully buffered
0
0 0,2 0.4 0.6 08 10

time (ps)

(a)

7273740.1
15 +— Vpp™ 18V
output Tamb =250C
Vo
(\/)10___\/DD=10V unbuffered
C-MOS
Vpp = fully buffered
L LOCMOS
0 :
0 5 10 15
input V| (V)
Fig. 2 Typical transfer characteristic

showing improvement in buffered

L

OCMOS device as compared with

unbuffered C-MOS device.

72737621

fully buffered LOCMOS

1ps 'input

unbuffered
C-MOS gate

0.8 10
time (ps)

(b)

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

time (b).
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DESIGN CONSIDERATIONS

General

Local Oxidation Complementary MOS digital integrated circuits of SSI and MSI complexity have been
hailed as the ideal logic family. A few 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 LS| 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).
LLOCMOS speed is about three to six times lower than TTL or low-power Schottky (LS-TTL). Static
noise immunity and fan-out are almost ideal, supply voltage is non-critical, and the quiescent power
consumption is close to zero — several orders of magnitude lower than for any competing technology.

For dynamic noise immunity, see NOISE IMMUNITY.

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

* Or as determined by permissible propagation delay.

Supply voltage range

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 15V
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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Power consumption

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

72737541
P 03
gate
Cro 102 o Fig. 4 Typical power dissipation per
1 gate as a function of input frequency
10 / for several logic families.
2 Yy
1 3 // /J 1 Schottky TTL
f / 2 Standard TTL
_ //// 3 Low-power Schottky
L P 4 LOCMOS (Vpp = 15 V)
y/ / 5 LOCMOS (Vpp = 10 V)
102 04 6 LOCMOS (Vpp =5 V)
103 %/5/
6
10—4 /
102 103 10% 105 108 107 108 10°
f; (Hz)
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Additional power consumption (due to slow input rise and fall times)

As long as the input voltage of a LOCMOS circuit is below the N-transistor threshold voltage, or higher
than the supply voltage minus the P-transistor threshold voltage, one of the input transistors is always
in the OF F-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.

7283561
drain
current
(Ip)
vy | Vop-Vt |
/2Vpp Vbp

input voltage (V)

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

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

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

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

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

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

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

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

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

7273750

5
> T b= 25 °C C-MOS
2 2 Vpp =5V
©
o
0
N
= LOCMOS
£ / Vpp=5V
2 3

_— TTL
Vcc =5V
Fig. 6 Normalized propagation delay as a function
1 of load capacitance for TTL, C-MOS and LOCMOS.
0 100 200

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 £2 is little
affected by an increase in capacitive loading. LOCMOS, however, with an output impedance of typi-
cally 250 £ (at 5 V) is 10 times more sensitive to capacitive loading. As an example Fig. 7 shows the
positive and negative-going delays as functions of load capacitance for the HEF4011B and Fig. 8 shows
the output transition times for standard output stages. For detailed information see Family Specifi-
cations and the individual data sheets. It should be noted that most unbuffered gates have an even
higher output impedance, a larger dependence on output loading, and do not show the same symmetry.
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é-/ 15V Fig. 8 Output transition times as functions
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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).

e 72737341
tPHL Cp= Tarin™25°6
PLH 200pF \
(ns) 100
100 pF \
50 50pF & \
20pF \\\ Fig. 9 Propagation delays (symmetrical)
\é as functions of power supply voltage for
0 the HEF4011B.

o
o
-
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Temperature effect

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

7273739.1
50
tpLy 40 = -
(ns). L=
30 |-100pF —
L
—
//
10 —20pF
ol

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

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

Noise immunity

One of the most advertised and also misunderstood C-MOS features is noise immunity. The input
threshold of a C-MOS gate is approximately 50% of the supply voltage and the voltage transfer curve
is almost ideal. As a result, LOCMOS can claim very good voltage noise immunity, typically 45% of
the supply voltage, i.e., 2,25 V ina 5 V system, 4,5 Vina 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 1V noise immunity in a lightly
loaded system and only 0,4 V worst case. Fig. 12 shows the transfer characteristic between —55 and
+125 ©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 1V,
even in a 5 V system. Moreover, the inherent LOCMOS delays act as a noise filter; 10 ns spikes tend
to disappear in a chain of LOCMOS gates, but are amplified in a chain of TTL gates. Because of these
features, LOCMOS is very popular with designers of industrial control equipment that must operate in
an electrically and electromagnetically ‘polluted” environment.

Unfortunately these impressive noise margin specifications disregard one important fact: the output
impedance of LOCMOS is 3 to 10 times higher than that of TTL. C-MOS interconnections are
therefore less 'stiff’ and more susceptible to capacitively coupled noise. In terms of such current-
injected crosstalk from high noise voltages throcugh small coupling capacitances, the tables on the next
page give a comparison between LOCMOS and TTL/LS-TTL.
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6 7273743 ] 7273747
T
Tamp= 25°C i Vpp=15V
Vpp=5V
Vo Vo
(V) (V)
7400TTL - Vpp=10V
3
LOCMOS Vs =5 +[125°?
5 1 T
-55°C
0 0
0 2 4 6 0 5 10 15
vy (V) Vi (V)
Fig. 11 Typical transfer characteristic Fig. 12 Voltage transfer characteristic
for TTL and LOCMOS. over —55 to + 125 OC range.
LOCMOS/TTL (normalized to TTL) LOCMOS/LS-TTL (normalized to LS-TTL)
VbD ] 5V I 0V | 15V VbD [ 5BV |1OV | 15V
factor ’ 0,5 ‘ 1 ‘ 2 factor ’ 1 ‘ 3 l 5]

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

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

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

a resistor with a parasitic substrate diode.

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

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

Voo

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

Figure 14 shows the input protection for the types HEF4C049B and HEF4050B. Diode D1 is the
inherent drain to Vgg diode of the protection device. Under operational conditions, this input may
exceed the supply voltage Vpp.

Power supply regulation and decoupling

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

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

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

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

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

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

2. 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

| _D_ 0 inputs output H = HIGH state (the more positive
o voltage)

EO I — I EO L = LOW state (the less positive

voltage)
X ::' z X = state is immaterial
. " L L Z = high impedance OF F-state
Fig. 15 Logic symbol of a H H H

3-state output.

Tl ]

- .—I ._I '_ P5
P4 | e ]
| N4 | SE—_—
-
I JJ = 5
5 '8
EO 7283560

Fig. 16 Circuit diagram of 3-state output.

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

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

The LOCMOS HE4000B family devices will operate over a recommended Vpp power supply range of
3to 15V, as referenced to Vgg (usually ground). Parametric limits are guaranteed for Vpp of 5, 10
and 15 V. Because of the wide operating voltage range, power supply regulation is less critical than
with other types of logic. The lower limit of the supply voltage is 3 V, or as determined by required
system speed and/or noise immunity or interface to other logic. The recommended upper limitis 15 V
or as determined by power dissipation constraints or interface to other logic. Unused inputs must be
connected to Vpp, Vgg or another input. Inputs and outputs are protected against electrostatic effects
in a wide variety of device-handling situations. However, to be totally safe, it is desirable to take hand-
ling precautions into account.

RATINGS

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

Supply voltage VDD —-05t0+18 V
Voltage on any input 7 —0,5toVpp +0,6 V
DC current into any input or output < | max. 10 mA

Power dissipation per package:
HEF (plastic and ceramic DIL)

Tamb =—40to+70°C Ptot max. 750 mW
Tamb=+70to+850C derate linearly
with 12 mW/K
HEF (plastic SO mini-pack)
Tamb =—40to+700C Ptot max. 500 mW
Tamb =+ 70 to + 85 °C derate linearly
with 8 mW/K
HEC (ceramic DIL)
Tamb =—-55to+700°C Ptot max. 500 mW
Tamb=+70to+ 125 0C derate linearly
with 8 mW/K
Power dissipation per output P max. 100 mW
Storage temperature Tstg —65 to + 150 °C
Operating ambient temperature (HEF) Tamb —40to +85 oC
Operating ambient temperature (HEC) Tamb —55 to + 125 °C
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FAMILY

SPECIFICATIONS
7277190 7277186
0 6
Tamb=25°C LA Tamb =25 °C
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P-channel drain characteristics (source) N-channel drain characteristics (sink)
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SPECIFICATIONS
0 7277188 7277185
= T
Vpp=15V Vpp=15V typ
Tamb =25 °C / f 50 Tamb =25 °C T |
|
D /
(mA) y /,
min 'D
(mA)
/
25 / 1
/
4 25
/ I
| min
L~
/
D ll
—50 4= 1
0
—15 -10 -5 0 0 5 10 15
Vps (V) Vps (V)
P-channel drain characteristics (source) N-channel drain characteristics (sink)
Note

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

SPECIFICATIONS

A.C. CHARACTERISTICS

Clock input rise and fall times (t, tf)

The upper limits on t, and tf vary widely from device to device and with supply voltage. Unless other-
wise specified in the individual data sheets it is recommended that input rise and fall times be less than
15 us for Vpp =5 V; 4 us for Vpp =10 V; 1 us for Vpp =15 V.

Output transition times (tT| 4, tTHL)
Vgg=0V; Tamb = 25 °C; C|_ = 50 pF; input transition times < 20 ns

VDD . typical extrapolation
v symbol | min. typ. max. ———
Output transition
times 5 60 120 ns |10ns+ (1,0 ns/pF) C
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C|_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns |10 ns+ (1,0ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_

Temperature coefficient (typical values)

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

Input capacitance (digital inputs)
Maximum input capacitance C| = 7,5 pF.
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SPECIFICATIONS

Set-up times, hold times, recovery times and propagation delays for sequential logic circuits.

CLOCK
INPUT

DATA
INPUT

OUTPUT

SET
CLEAR,
PRESET
INPUT

Note

t

10%L

r tf

/ VbD

Vss
<— UWCPH—=I=—TtWCPL—=
thold - thold
VbD
50%
Vss
tSU - — tSU -
—| |=—tTLH -—>I|‘—tTHL
Y,
90% OH
50 %
10%
VoL
— tPLH - — tpHL -
— tR =
VbD
50%

7275375

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

The actual direction of the active transition of the clock input and the actual active levels of the
forcing signals are specified in the individual device data sheet.
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Propagation delays of 3-state outputs.

—| |=*—20ns - |<—20 ns
\Y
90% f DD
OUTPUT
ENABLE 50%
10 %
- Vss
- tpl7—» —| tpzL |<—
\Y
90% RR
OUTPUT
LOW-to-OFF
OFF-to-LOW
10%
VoL
+—1pHZ — <-tpzH
Vv
90% GH
OUTPUT
HIGH-to-OFF
OFF-to-HIGH
10%
Vss
outputs —s|«——— oOutputs — »|<«— outputs
7275376.1 connected disconnected connected
Test circuit of 3-state output ICs.
— Ry =1kQ
Ic L Vpp for tpLz . tpzL
atfuee ; \ fort t
inputs | —— with SS PHZ . tPZH
) 3=stat
state C|=50 pF
output outputs
disable » 7275369
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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.

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

loH Cutput current HIGH; the drive current flowing out of the device at specified HIGH output
voltage and Vpp.

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

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

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

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

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

and a specified Vpp.

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

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

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

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

VbbD Supply voltage; the most positive potential on the device.

Vsg Supply voltage; for a device with a single negative power supply, the most negative power
supply, used as the reference level for other voltages; typically ground.

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

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

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

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

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

output.
Vp Trigger threshold voltage; positive-going signal.
VN Trigger threshold voltage; negative-going signal.

Analogue terms

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

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

t tf
tPLH

tPHL

tTLH
ITHL
tw

thold

tPHZ

tpLz

tpzH

tpzL

tR

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

Output frequency; each output.

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

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

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

LOW level to the defined HIGH level.

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

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

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

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

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

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

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

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

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

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-
ing0,1 (Vpp—V L) voltage drop on the output voltage waveform of a 3-state device, with
the output changing from a high impedance OF F-state to the output LOW level (Vo).
Recovery time; the time between the end of an overriding asynchronous input, typically a
clear or reset input, and the earliest permissible beginning of a synchronous control input,
typically a clock input, normally measured at 50% points on both input voltage waveforms.
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HEF4000B

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.

aln
41T O1]6 1] [13] [12] [11] [0] [9] [s
5|l Vo Tg, ¥s T. Dp 93 Io
1)1

121 Ts 0, |10 ) HEF4000B
_1116 nc. nc. Iy I, Iz Oy Vgg

1 2 3 4 5 6 7

I O 7273672
8|1 Dc 3l

Fig. 2 Pinning diagram.

7273673 HEF4000BP(N): 14-lead DIL; plastic
(SOT27-1)

Fig. 1 Functional diagram. HEF4000BD(F): 14-‘%618%”5; ceramic (cerdip)

( )
HEF4000BT(D): 14-lead SO; plastic
I (SOT108-1)
1 (): Package Designator North America

Do

Do Do o

Iy {>c 3
7274501 FAMILY DATA

Fig. 3 Logic diagram. Ipp LIMITS category GATES

see Family
Specifications
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HEF4000B

gates

D.C. CHARACTERISTICS
For the single inverter stage (17/03):
see Family Specifications for input voltages HIGH and LOW (unbuffered stages only).

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

VDD typical extrapolation
v symbol typ. max. formiila
Propagation delays 5 | 70 140 ns | 43 ns+ (0,55 ns/pF) C_
I1tolg— 01,02 10 tpHL: tpLH | 35 70 ns | 24 ns+ (0,23 ns/pF) C_
15 30 55 ns | 22 ns+ (0,16 ns/pF) C_
5 45 90 ns | 18ns+ (0,55 ns/pF) C_
I7 —= 03 10 tpHL tPLH | 25 50 ns | 14 ns+ (0,23 ns/pF) C_
(unbuffered output) 15 20 40 ns | 12ns+ (0,16 ns/pF) CL
Output transition
times 5 60 120 ns | 10 ns+ (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns| 9ns+(0,42ns/pF)C
15 20 40 ns| 6ns+ (0,28 ns/pF) C
5 60 120 ns | 10 ns+ (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns| 9ns+(0,42ns/pF)CL
15 20 40 ns| 6ns+ (0,28 ns/pF) C_
VDD : where
Y, typical formula for P (uW) f, = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1000 fj + Z(fo,C) x Vpp? C_ = load capacitance (pF)
dissipation per 10 7700 f; + (foCL) x Vpp® Z(foCL) = sum of outputs
package (P) 15 28700 f; + Z(foCL) x Vpp? Vpp = supply voltage (V)
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HEF4000B

Dual 3-input NOR gate and inverter

gates
APPLICATION INFORMATION
The following information (Figs 4 to 7) is only for the single inverter stage (17/03).
7284251.1 7284257.1
50 20
'bp
(mA)
gain ‘\ /
(Vo/V)) 15
typ /
typf
- /
25 10
N
N
¥ e
5
/l
/
,4
0 0
0 5 10 Vpp (V) 15 0 5 10 Vpp (V) 15
Fig. 4 Voltage gain (Vg/V|) as a function of Fig. 5 Supply current as a function of
supply voltage. supply voltage.
330k§2
I7 03
7284357

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

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

gates

Rpias = 560k
=
!
SD
0'47‘;: input : ’ output .1_(.)|0“F
Vi'\l .
(f = 1kHz) ﬁ g
o : Vss

7284363

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

graph Fig. 8).
7284364
10 Curves in Fig. 8:
9t B’/ A: average
(mA/V) r B: average + 2's,
C: average —2 s, in where:
75 & ‘s’ is the observed standard
' Vd ) deviation.
/ /
4
/
; 7 G
JINARD
/ ol
A4
2,5
/
/
/
A
L4
00 5
10 yop (V1 18

Fig. 8 Typical forward transconductance gsg as
a function of the supply voltage at T4y = 25 °C.
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HEF4001B

gates

QUADRUPLE 2-INPUT NOR GATE

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

]

| |

e |

Ig

.y py
w N

7269554

Fig. 1 Functional diagram.

1
| Do—Do—Do— 01
2

7275424.2

Fig. 3 Logic diagram (one gate).

FAMILY DATA

IDD LIMITS category GATES

Voo Is Iz O, O3 Ig Ig
- HEF4001B

I I, Oy O I3 I, Vgg
T 12l 130 1&] 15] 16l 17
7269477

Fig. 2 Pinning diagram.

HEF4001BP(N): 14-lead DIL; plastic
(SOT27-1)

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

HEF4001BT(D): 14-lead SO; plastic
(SOT108-1)

(): Package Designator North America

l' see Family Specifications
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HEF4001B

gates

A.C. CHARACTERISTICS

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

VbD typical extrapolation
v symbol typ max formula
Propagation delays
In = Op 5 60 120 ns 33 ns + (0,55 ns/pF) C_
HIGH to LOW | 10 tPHL 25 50 ns 14 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
5 50 100 ns 23 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 25 45 ns 14 ns + (0,23 ns/pF) C_
15 20 35 ns 12 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns+ (1,0 ns/pF) C_
HIGH to LOW 10 tTTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Vpp ; where
Vv typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1100 f; + Z(foCL) x VpD? C| = load capacitance (pF)
dissipation per 10 5000 f; + Z(foCL) x Vpp? 2(foCL) = sum of outputs
package (P) 15 14200 fj + Z(foCL) x Vpp? Vpp = supply voltage (V)
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HEF4001UB

gates

QUADRUPLE 2-INPUT NOR GATE

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

1
T—DO_i 1] [13] [12] [11] [0] [e] [e
Voo Ig I O, O3 Ig Ig

L b HEF4001UB

I I 0y O, I3 I, Vg
T 12 18] 1] 15 161 17

Iy
0
I :
I3
0
;SDO& 10 7283059
6
Fig. 2 Pinning diagram.
12|17
- _IB_DO&L HEF4001UBP(N): 14-lead DIL; plastic
] (SOT27-1)

HEF4001UBD(F): 14-lead DIL; ceramic (cerdip)

7269554 (SOT73)
HEF4001UBT(D): 14-lead SO; plastic
Fig. 1 Functional diagram. (SOT108-1)

(): Package Designator North America

- J7
=iim=

o

>

—

’ Vv
Tz8az62 OO

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

FAMILY DATA

] see Family Specifications for V|y/V|L unbuffered stages
Ipp LIMITS category GATES
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HEF4001UB

gates

A.C. CHARACTERISTICS

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

VpD symbol | typ.  max. typical extrapolation
\ formula
Propagation delays
In — Op 5 65 130 ns 30ns + (0,70 ns/pF) C_
HIGH to LOW | 10 tPHL 30 60 ns 17 ns + (0,27 ns/pF) C_
15 25 50 ns 15 ns + (0,20 ns/pF) C_
5 40 80 ns 13 ns + (0,55 ns/pF) C_
LOW to HIGH | 10 tPLH 20 40 ns 9 ns + (0,23 ns/pF) C_
15 15 30 ns 7 ns + (0,16 ns/pF) C_
Output transition 5 75 150 ns 15 ns + (1,20 ns/pF) C_
tim 10 ttHL | 30 60 ns 6 ns + (0,48 ns/pF) C_
HIGH to LOW | 15 20 40 ns 4 ns + (0,32 ns/pF) C_
5 60 110 ns 10 ns + (1,00 ns/pF) C_
LOW to HIGH | 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C|_
Input capacitance CIN - 10 pF
VDD | typical formula for P (uW) L
Vv BREE SRR f; = input freq. (MHz)
fo= output freq. (MHz)
Dynamic power 5 500 f; + Z(foC) x VDD2 C = load capacitance (pF)
dissipation per 10 5000 f; + Z(f,CL) x Vpp? Z(foCL) = sum of outputs
package (P) 15 30000 f; + Z(fyCp ) x Vpp? Vpp = supply voltage (V)
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Quadruple 2-input NOR gate

HEF4001UB

gates

5 - 7284255 500
3
Vo nit I
(V) \‘ (uA)
‘ 1
EL
2,5 II ‘ 250
‘I
1
/
/ \
/ \
0 e 0
0 25 v, ) 5
7284254
10 — 10
\\‘

VO \ ID
(V) i) (mA)
5 11 5
71t
/ \

/ \
/ \
/ \
7/
. A\ \\
. , Ny i
0 5 w19
20 7284253 20
A
/\
i . (mA)
™M
AW
10 \ 10
f \
/ \
/ \
/ \
/ N )
0 \ 0
0 10y 20

Fig. 4 Typical transfer characteristics;

one input, the other input connected to Vgs;
—— V; — — — Ipldrain current); Ig = 0;
Vpp =5V.

Fig. 5 Typical transfer characteristics;

one input, the other input connected to Vgg;
—— V(; — — — Ipldrain current); Ig = 0;
Vpp =10 V.

Fig. 6 Typical transfer characteristics;
one input, the other input connected to Vgg;
—— V@; — — — Ipldrain current); Ig = 0;

151

Vpp=15V.
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HEF4001UB

gates
Rbias =560k
-
| S |
Vbp
0'47313 input : ’ output -1—0|0#F
i ,
(f=1kHz) ﬁ g ™
o b Vv
7284363 SS
Fig. 7 Test set-up for measuring foward transconductance
gfs = dig/dvj at v is constant (see also graph Fig. 8).
7284364
10 Curves in Fig. 8:
g BT A A : average,
e > B : average +2s,
(mA/V) C : average —2 s, in where:
/ ‘s’ is the observed standard
1,5 ATH deviation.
1
/
v
/
5 / Pad
Fil'd /
/ P
/
2,5
T /,
/
L4
‘ 5
0 10 Vpp (V) 15

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

gates

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

Vbp
1/4 HEF4001UB 1/4 HEF4001UB
INH —e
5 B INH (0]
D 0 H L
l L 0sC
€2 R2 R1 _|_C1
Vss ]I—/ C 7284264
(a)
— VoD

4 forward voltage
clamping diode

7271571
(b)

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

In Fig. 9 the oscillation frequency is mainly determined by R1C1, provided R1 << R2 and

R2C2 << R1C1.
The function of R2 is to minimize the influence of the forward voltage across the protection diodes on
the frequency; C2 is a stray (parasitic) capacitance. The period Ty, is given by T, =Tq + To, in which
Vv +V 2V -V
T1=R1C1 1022~ ST ong Ty =R1ct 1n P2~ ST where
vgT Vpp - VsT
VgT is the signal threshold level of the gate. The period is fairly independent of Vpp, VgT and

temperature. The duty factor, however, is influenced by VgT.
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HEF4001UB
gates

1MQ
3 0
4 MH

INH—:DO_ 2,2k Dlz INH | o

100 I _L 25 H L
1/4 HEF4001UB oF J}; ;; °F [ ose

7 72
7284266

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

7284252
10
Vo
(V)

typ
5 y.d
330k
)
7//
/]
1/4 HEF4001UB
7284268
0 Fig. 12 Test set-up for measuring graph of
0 5 10 Vigey IV 15 Fig. 11. Condition: all other inputs

connected to ground.

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

NOTES
If a gate is just used as an amplifying inverter, there are two possibilities:
a. Connecting the inputs together gives simpler wiring, but makes the device output not completely

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

HEF4001UB

gates
72842511 72842571
50 20
D
. \ (mA)
gain \

(Vo/Vﬂ 15

typ /

typf

i
25 N\ 10
T~
I~ —
5
//
7
,4
0 0 .
0 5 10 Voo ) 18 5 1 Voo (v) 18

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

330k

1/4 HEF4001UB
7284268

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

330k§2

inpu
P output

1/4 HEF4001UB
INH 7284270

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

Fig. 14 Supply current as a function
of supply voltage.
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HEF4002B

gates

DUAL 4-INPUT NOR GATE

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

Iy — 4 2 13 & 15] 6] L7
7269478

2114

31 0,]1 1] [13] [i2] [11] [io] [e] [8
ila [ VDD 02 Ie 17 IG 15 nc.
5|14

i » HEF40028

10]1s - Oy I Ip 1s 1, ne Vss
1

2

Fig. 2 Pinning diagram.

7269555

Fig. 1 Functional diagram. HEF4002BP(N) 14-lead D“_, plastic
(SOT27-1)
HEF4002BD(F): 14-lead DIL; ceramic (cerdip)
(SOT73)
HEF4002BT(D): 14-lead SO; plastic

I (SOT108-1)
I (): Package Designator North America
= D

7274511

Fig. 3 Logic diagram (one gate).

FAMILY DATA 1
| see Family Specifications

Ipp LIMITS category GATES
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HEF4002B

gates

A.C. CHARACTERISTICS

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

Vv typical extrapolation
E)/D symbol typ.  max. P formulap
Propagation delays 5 60 120 ns 33 ns + (0,55 ns/pF) C_
ln — Op 10 tpHL: tPLH | 26 50 ns 14 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
Qutput transition times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C|_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
VbD ; X where
v typical formula for P (uW) f, = input freg. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1050 f; + Z(f,Cp) x Vpp? C = load capacitance (pF)
dissipation per 10 4300 f; + Z(f,Cp) x Vpp? Z(foCL) = sum of outputs
package (P) 15 11700 f; + Z(fo,Cp) x Vpp? Vpp = supply voltage (V)
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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 (CP). The two 4-stage shift registers each have a data input (Dp, Dg) and a data

output (03a, O3g); the two 5-stage shift registers each have a data input (D¢, Dp) and data outputs
from the fourth and fifth stages (03¢, O4¢c, O3p. O4p)-

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

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

1] [13] [12] [11] [0] [e] [s
Vob 034 Oyuc O3c O3g Oup O3p
D HEF4006B
Lo SHIFT REGISTER  |©3A[13 = o
4-BITS Dy ne. CP D¢ Dg Dp Vss
F—O 1T 12] 13] 1&] 5] L8] 12
7273674
5|08 0 e e o
SHIFTREGISTER L9 110 | et 4006BP(): 14-load DIL, pisti
M : 14-lea : plastic
& =ik (SOT27-1)
HEF4006BD(F): 14-lead DIL; ceramic (cerdip)
4|D¢ 0 (SOT73)
SHIFT REGISTER 4C |12 HEF4006BT(D): 14-lead SO; plastic
—O 5-BITS (SOT108-1)
(): Package Designator North America
[ O3cfn
FUNCTION TABLE
6 |Pp
SHIFT REGISTER  |94D |9 B = | o.*
n n
—O 5-BITS
cp 0 D N D
3[cP 3D |8 1 1
(-1 X Vi no change
TR X = state is immaterial
/= positive-going transition
Fig. 1 Functional diagram. L = negative-going transition
D1 = either HIGH or LOW
PINNING *  The moment Dq appears at O depends on
Da to Dp data inputs the register length.
CP clock input (HIGH to LOW; edge-triggered)

03a to O3p; O4¢; O4p data outputs

FAMILY DATA l
see Family Specifications
Ipp LIMITS category MSI

W | January 1995
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HEF4006B
Sl

DC—‘{> D O —D—Ozxc
FF
A F1F FF FF
—_D—Ow
Op D O —D— O4p
cp FF FF FF FF | FF

|

I
T

I

7273906.2

Fig. 3 Logic diagram.
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18-stage static shift register

HEF4006B

MSI

A.C. CHARACTERISTICS

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

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

\ ( January 1995
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HEF4006B

MSI
CP INPUT
thoid |=
D, INPUT 50% 50%

7273905.1

Fig. 4 Waveforms showing minimum clock pulse width, and set-up and hold-times for Dp, 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

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

DUAL COMPLEMENTARY PAIR AND INVERTER

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

PINNING
Sp2. Sp3

Dp1. Dp2
DNt DN2
SN2/ SN3

Dn/P3
GqtoG3

13 2 1 1
S S
Dpy P2 |Dp2 P3  weplea
g P P
l-——
— ! e
6164 Dn/P3}12
'._
ﬁ N N Vss| 7
Dn1{G2 Snz |Dnz2|G3 Sn3
8 |3 4 5 |10 9
7273677
Fig. 1 Schematic diagram.
1] _[13 1] _[io] [9] [
Voo Dp1 Dnjp3 Sps G3 Sz D
- HEF4007UB
Dpz Spz G, Snz Dnz G1 Vss
1T 2 A ARE
7273676
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

Ipp LIMITS category GATES

see Family Specifications for V|/V| unbuffered stages
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HEF4007UB

gates

A.C. CHARACTERISTICS

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

\% typical extrapolation
1\3/D symbol typ. max. siplil
Propagation delays
G, — Dn; Dp 5 40 80 ns| 13ns+ (0,55 ns/pF) C_
HIGH to LOW 10 [tpHL 20 40 ns| 9ns+ (0,23 ns/pF) C_
15 15 30 ns| 7ns+(0,16 ns/pF) C_
5 40 75 ns| 13 ns+ (0,55 ns/pF) C|_
LOW to HIGH 10 tPLH 20 40 ns| 9ns+(0,23ns/pF) CL
15 15 30 ns| 7ns+ (0,16 ns/pF) C
Output transition
times 5 60 120 ns| 10ns+ (1,0ns/pF) CL
HIGH to LOW 10 |tTHL 30 60 ns| 9ns+(0,42ns/pF)CL
15 20 40 ns| 6ns+(0,28ns/pF) CL
5 60 120 ns| 10ns+ (1,0ns/pF) Ci
LOW to HIGH 10 tTLH 30 60 ns| 9ns+(0,42ns/pF)CL
15 20 40 ns 6 ns + (0,28 ns/pF) C_
VE)/D typical formula for P (uW) :Zeirr?put freq. (MH2)
fo = output freq. (MHz)
Dynamic power 5 4500 f; + =(f,C) x Vpp? C|_ = load capacitance (pF)
dissipation per 10 20000 f; + Z(foC) x Vpp? 2(foC) = sum of outputs
package (P) 15 50000 fj + Z(foCL) x Vpp? Vpp =supply voltage (V)
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HEF4007UB

Dual complementary pair and inverter

gates
5 7284354 1
V,
0
Vo |D
(V) (mA)
‘\
25 05
\
L \ l
/]| \|'D
BRI
71
,' \ Fig. 3 Typical drain current Ip and output
7 \ voltage Vg as functions of input voltage;
3 Prd \ 0 VDD =5V; Tamb= 25 °C.
7284355
10 — 10
Vo
\ |
(V) \ (mA)
N\
/ ! 'p
5 7 \ 5
\
/ \
t \
/ \
7/ \ Fig. 4 Typical drain current Ip and output
/‘ AN \\ voltage V as functions of input voltage;
0 z 0 Vpp =10 V; Tamp = 25 °C.
0 5 vi(v) 10
20 7284356 20
e
[
\
Vv - I [y |
(V) \\ (mA)
e
10 / \ \ 10
/
7 \
\
| \
' 5
I’ \ Fig. 5 Typical drain current I and output
/ \ voltage V as functions of input voltage;
0 b 0 Vpp =15 V; Tagmp = 25 °C.
0 10 V) (V) 20
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HEF4007UB

gates

APPLICATION INFORMATION

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

® Linear amplifiers

e (Crystal) oscillators

® High-current sink and source drivers

® High impedance buffers.

7284251.1 72842571

50 20
'bp
(mA

gain \\ ) /

(VO/VI) 15
typ /
typ )
Vi
25 N\ 10
N~
—
5
/V
7
o! 0 ’
» T gy 130, 18 . ° ©vpp W 18
Fig. 6 Voltage gain (V4/Vj) as a function of Fig. 7 Supply current as a function of supply
supply voltage. voltage.
330k&2

1/3 HEF4007UB
7284358

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

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

gates

Rpjas = 560k

i O
| S
Vbp
0'47|'|1_F_‘ input : | output >-1—0{0 uF
Vi ~ 3
(f=1KkHz) :ﬂ i~
o - Vss

7284363

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

7284364
10
9fs B1A o
< g
(mA/V) Curves in Fig. 10:
A: average,
75 A B: average +2s, _ .
A C: average - 25, in where ‘s’ is the
/ observed standard deviation.
5 ,/ =zl
/ )
/ )4
NAN4
25
/
P
/
4
0O 5
10 Vpp (V) 15

Fig. 10 Typical forward transconductance gss as
a function of the supply voltage at Tymp, =25 ©C.
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HEF4007UB
gates

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

1)CD

Vss

7284359

Fig. 11 4 MHz crystal oscillator.

P VbD
Iﬂ 13
] 6
input O— 5 12
O- output
8
N

Vss

S 4
3 10 7284360

Fig. 12 High current sink driver.

6 output
input O—

7284361

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

HEF4007UB

gates

Vbp

disabl . P:_—)-fz
isable O—]

1

P "
»——Vpp
. 10 12
input N output
re——Vgg
9
N ©8
e
disable O—J
VSS 7
7 7284362

Fig. 14 High impedance buffer.

NOTE

FUNCTION TABLE for Fig. 14.

input disable output
H L LL
Ik I H
X H open

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

Rules for maintaining electrical isolation between transistors and monolithic substrate:

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

any other pin of the HEF4007UB.

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

any other pin of the HEF4007UB.

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

to the HEF4007UB.

\ | January 1995
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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 (Ag to A3, Bg to B3), a carry
input (Cy), four sum outputs (Sq to S3), and a carry output (CoyT). The IC uses full look-ahead
across 4-bits to generate CoyT. This minimizes the necessity for extensive look-ahead and carry-
cascading circuits.

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

Voo B3 Cour S3 S; Sy Sg Cw
_ HIGH-SPEED Cout |14 D HEF4008B
PARALLEL CARRY Ay B, A, By Ay By Ag Vs
112 3] Le] 5] 1] 2] (8
B 72736781
Ledhe ADDER S31]13
4 Fig. 2 Pinning diagram.
11A3
PINNING
Ap to A3  data inputs
S ADDER S2112 Boto B3  datainputs
3 A2 3 SgtoS3  sum outputs
CiN carry input
CouT carry output
4 | B
ADDER | S1]11 TRUTH TABLE (one adder)
5[A 2
1 Cin|A | B [CouT | S
E |k 4 L L
gl8g ADDER | Sol10 L (L|H L H
1 L|H|L| L |H
7|A0 L |H|H H L
c 1 & 1 1 R 1 L H
ALl H L | H H L
H B | L H L
Fig. 1 Functional diagram. TZ14548.) H |H|H H H

HEF4008BP(N): 16-lead DIL; plastic

(SOT38-1)

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

HEF4008BT(D): 16-lead SO; plastic
(SOT109-1)

(): Package Designator North America

FAMILY DATA [
see Family Specifications
Ipp LIMITS category MSI J

W | January 1995
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HEF4008B
MS!

%

Cin

4D_ Equr

Ao

By

Aq

Bq

A2

B

A3

B3

R
g
3

Fig. 3 Logic diagram.
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4-bit binary full adder

HEF4008B
MSI

A.C. CHARACTERISTICS

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

VbD ; typical extrapolation
Y, symbol | min. typ. max. P—
Propagation delays
sumin —®™sumout| 5 150 300 ns | 123 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHqL 55 110 ns | 44 ns+ (0,23 ns/pF) C_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
5 135 270 ns | 108 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 55 110 ns | 44ns+ (0,23 ns/pF) C|_
15 40 80 ns | 32ns+(0,16 ns/pF) C_
sumin — CouT 5 125 250 ns | 98 ns+ (0,55 ns/pF) C|_
HIGH to LOW 10 | tpHL 50 100 ns | 39ns+ (0,23 ns/pF) C
15 35 70 ns | 27 ns+ (0,16 ns/pF) C_
5 100 200 ns 73 ns + (0,55 ns/pF) C|
LOW to HIGH 10 |tpLH 45 90 ns | 34ns+ (0,23 ns/pF) C_
15 30 60 ns | 22ns+ (0,16 ns/pF) C_
Cy —* sum out 5 130 260 ns | 103 ns+ (0,55 ns/pF) C|_
HIGH to LOW 10 | tpHL 50 100 ns | 39 ns+ (0,23 ns/pF) C_
15 35 70 ns | 27 ns+ (0,16 ns/pF) C_
5 115 230 ns | 88ns+ (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 50 100 ns | 39ns+ (0,23 ns/pF) C
15 35 70 ns 27 ns + (0,16 ns/pF) C_
CiNn — 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) C
15 25 50 ns | 17 ns+ (0,16 ns/pF) C_
5 75 150 ns | 48 ns+ (0,55 ns/pF) C|
LOW to HIGH 10 |tpLH 35 70 ns | 24 ns+ (0,23 ns/pF) C_
15 25 50 ns 17 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 |tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns | 10ns+ (1,0 ns/pF) C_
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Vpbp . where
v typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1500 f; + =(foCL) x Vpp* C|_ = load capacitance (pF)
dissipation per 10 6000 fj + Z(foC) x Vpp? Z(foCr) = sum of outputs
package (P) 15 | 13500 f; + Z(foCL) x Vpp* Vpp = supply voltage (V)

w ‘ January 1995
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HEF4008B
MsSI

APPLICATION INFORMATION

word A + B inputs
A

r A\

Aj————B4 Ag————Bg Ag———=Bq A13-——"Byg
l | | I I I | |
Ic1 IC2 Ic3 Ic4

Ir— CiN Cout[—1%nN  Cout[]CIN Cout—ICIN  Court
7

11 IR 71 IR

S177= =54 Sg————5g Sg~—~" 512 51377~ " S16

s )

=
sum outputs 7284125

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

174 January 1995W (



HEF4011B

gates

QUADRUPLE 2-INPUT NAND GATE

The HEF4011B provides the positive quadruple 2-input NAND function. The outputs are fully
buffered for highest noise immunity and pattern insensitivity of output impedance.

I

Iz

0,

I,

Is

03

g

12

13

Ig

L

Yy vy

7269562

Fig. 1 Functional diagram.

i o oo

7Z274510.1

Fig. 3 Logic diagram (one gate).

FAMILY DATA

Ipp LIMITS category GATES

|

1] [13] [12] [7] [io] [s] [e
Vop Is I O, O3 Ig Ig

=) HEF4011B

I, I, 0y 0, I3 I Vsg
1T 12] 13] 1&] 15] 18] 17
7269479

Fig. 2 Pinning diagram.

HEF4011BP(N): 14-lead DIL; plastic
(SOT27-1)

HEF4011BD(F): 14-lead DIL; ceramic (cerdip)
(SOT73)

HEF4011BT(D): 14-lead SO; plastic
(SOT108-1)

(): Package Designator North America

Ir see Family Specifications

\ (January 1995

175



HEF4011B

gates

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

Vbbp
Y,

typical extrapolation

symbol typ max P
Propagation delays 5 55 110 ns | 28 ns + (0,55 ns/pF) C_
In—>0n 10 tPHL: tPLH 25 45 ns | 14 ns+ (0,23 ns/pF) C_
15 20 35 ns | 12ns+ (0,16 ns/pF) C_
Output transition
times 5 60 120 ns | 10 ns+ (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns | 9ns+(0,42ns/pF)C
15 20 40 ns | 6ns+ (0,28 ns/pF) CL
5 60 120 ns | 10ns+ (1,0 ns/pF) CL
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns | 6ns+ (0,28 ns/pF) C_
Vbp f where
Y typical formula for P (uW) f; = input freq. (MHz)
] 3 fo = output freq. (MHz)
Dynamic power 5 1300 fj + Z(foCy) x Vpp, C = load capacitance (pF)
dissipation per 10 6000 f; + Z(foCL) x Vpp s 2(foCL) =sum of outputs
package (P) 15 20100 f; + Z(foCL) x Vpp

Vpp = supply voltage (V)
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HEF4011UB

gates

QUADRUPLE 2-INPUT NAND GATE

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

8]Is |
9]1Ig

[ ™
I
St s 02 |4
6] 1s f—
[ )™

12| Iy o |1
13 I —

7269562

Fig. 1 Functional diagram.

—lé —I:ﬂ DD

= »—|H"<—

| — l-'_J—I [
Q_Jr::t _l“:%

7284263

Vbp

Voo Is In O, O3 Ig Ig
D HEF4011UB
I Ip Oy Op I3 I, Vsg

1 2 3 4] |5 6 7
7283058

Fig. 2 Pinning diagram.

HEF4011UBP(N): 14-lead DIL; plastic
(SOT27-1)

HEF4011UBD(F): 14-lead DIL; ceramic (cerdip)
(SOT73)

HEF4011UBT(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

Ipp LIMITS category GATES

l see Family Specifications for V|/V|| unbuffered stages
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HEF4011UB

gates

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

VbD typical extrapolation
Vv symbol typ.  max. P
Propagation delays
Iln —= Op 5 60 120 ns 25ns+ (0,70 ns/pF) C_
HIGH to LOW 10 tPHL 25 50 ns 12 ns + (0,27 ns/pF) C_
15 20 40 ns 10 ns + (0,20 ns/pF) C_
5 35 70 ns 8 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 20 40 ns 9 ns + (0,23 ns/pF) C_
15 1% 35 ns 9 ns + (0,16 ns/pF) C_
Output transition 5 78 150 ns 15 ns + (1,20 ns/pF) C_
times 10 tTHL 30 60 ns 6 ns + (0,48 ns/pF) C_
HIGH to LOW 15 20 40 ns 4 ns + (0,32 ns/pF) C_
5 60 110 ns 10 ns + (1,00 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C|_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Input capacitance CIN 10 pF
VbD : where
Y, typical formula for P (uW) . = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 500 f; + Z(fo,Cp) x Vpp? C| = load capacitance (pF)
dissipation per 10 5000 f; + Z(foC) x Vpp® Z(foCL) = sum of outputs
package (P) 15 25 000 fj + Z(f,Cp) x Vpp? Vpp = supply voltage (V)
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Quadruple 2-input NAND gate

HEF4011UB

gates

7284261
5 7 500
\
|
VO i )
(v) (uA)
2,5 250
It
10
I/
HH
AN
/
0 p: . 0
0 2,5 V| (V) 5
10 7284260 10
Vo Ip
(V) (mA)
i A
5 f \\ 5
J
; A
/ \
17 N
II \ \\
g 5 wywm 10
20 7284259 20
,.’\
;N
Vo ’ '
(V) S ImAl
f \
] ‘\
|
10 10
IR
I
\
R
N
0 0
0 0y 20

Fig. 4 Typical transfer characteristics;

one input, the other input connected to Vpp;
— V; — — — Ip(drain current); Ig = 0;
Vpp=5V.

Fig. 5 Typical transfer characteristics;

one input, the other input connected to Vpp;
— V@, — — — Ip(drain current); 1o = 0;
Vpp=10V.

Fig. 6 Typical transfer characteristics;
one input, the other input connected to Vpp;
—— V; — — — Ip(drain current); g = 0;

Vpp =15 V.
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HEF4011UB

gates
Rpias = 560k
I 1
| SE——
Vbp
0'47"5 input : I output LE)|O#F
Vi ~ =
(f = 1kHz) ﬁ o v
! Y
o 7284363 S§
Fig. 7 Test set-up for measuring forward transconductance
gfs = dig/dv; at vy is constant (see also graph Fig. 8).
7284364
Curves in Fig. 8:
1w A : average,
9fs B‘/ B : average +2s,
ik C : average —2 s, in where:
A/V 4
i ¥ ‘s’ is the observed standard
7.5 A deviation.
A
/ /
/
L1V
/ SA
5 /
/ YV
/ )4
/ 4
25
/
/
/
.
7
0
0 5 10 Vpp (V) 15

Fig. 8 Typical forward transconductance gsg as a
function of the supply voltage at Tymp = 25 ©OC.
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HEF4011UB

gates

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

Vbp
1/4 HEF4011UB 1/4 HEF4011UB

RPN N

D 0 INH 0
-[_ L H
H 0SC
Cc2 R2 R1 -I—C'l
VSS l C 7284265
(a)
— Voo
A
- —ov

forward voltage
clamping diode

7271571

(b)

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

In Fig. 9 the oscillation frequency is mainly determined by R1C1, provided R1 << R2 and

R2C2 << R1C1.

The function of R2 is to minimize the influence of the forward voltage across the protection diodes

on the frequency; C2 is a stray (parasitic) capacitance. The period Tp is given by Tp =Tq + Tp, in which

\% +V 2V -V
T1 =R1C1 IHM and T2= R1C1 In _DE__i where

VsT VpD — VsT
VgT is the signal threshold level of the gate. The period is fairly independent of Vpp, VgT and

temperature. The duty factor, however, is influenced by VgT.
W ﬁanuary 1995
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HEF4011UB

gates
1MQ
{ | (o}
INH (o}
Do——t:r—l—-@—l—- H_ | osc
100 25
1/4 HEF4011UB pF J; J,-pp
"/ 7
7284267
Fig. 10 Example of a crystal oscillator using one HEF4011UB gate.
7284258
10
Vo
(V)
Z
/
typ
//
1/
. 4 330k
A o T
Y/ S
/ 1/4 HEF4011UB
7 7284269
Fig. 12 Test set-up for measuring
0 graph of Fig. 11. Condition: all other
0 5 10 Vbp V) 15 inputs connected to ground.

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

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

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

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

HEF4011UB

gates
72842511 7284257.1
50 20
'pp
" (mA)
gain \
(Vo/Vl) 15
typ /
typf
25 10
5
/
/
,J
0 0
0 5 10 VDD (V) 15 5 10 VDD (V) 15

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

330k&2

1/4 HEF4011UB
7284269

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

330k&2

input
o output

1/4 HEF4011UB
INH 7284271

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

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

gates

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]h 16] [13] [12] 1] Jio] fs9] |8
%iz L 01 1 VDD 02 Ig 17 Is I5 nie.
?Ta_.— D) HEF4012B

L
91Is 0, I I I3 I, nc Vss
10| Ig o 1 2] 3] & [5] 8] |7
—y ] 2|13 7269480
B e
12] Ig

Fig. 2 Pinning diagram.

7269563

HEF4012BP(N): 14-lead DIL; plastic

Fig. 1 Functional diagram. (SOT27-1)
HEF4012BD(F): 14-lead DIL; ceramic (cerdip)
(SOT73)
HEF4012BT(D): 14-lead SO; plastic
(SOT108-1)
(): Package Designator North America
1 —
|2 —
0— 04
I3 —
l4 — 7274509

Fig. 3 Logic diagram (one gate).

FAMILY DATA |
see Family Specifications
Ipp LIMITS category GATES [
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HEF4012B

gates

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

\ typical extrapolation
'\D/D symbol typ max i formupla
Propagation delays
In — Op, 5 70 135  ns | 43 ns+ (0,55 ns/pF) C|_
HIGH to LOW 10 tPHL 25 50 ns| 14ns+ (0,23 ns/pF) C_
15 20 35 ns| 12ns+ (0,16 ns/pF) C_
5 70 140 ns | 43 ns+ (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 30 60 ns| 19ns+ (0,23 ns/pF) C_
15 25 50 ns| 17 ns+ (0,16 ns/pF) C_
Qutput transition
times 5 60 120  ns | 10ns+ (1,0 ns/pF) C|_
HIGH to LOW 10 tTHL 30 60 ns| 9ns+ (0,42 ns/pF) C|
15 20 40 ns| 6ns+(0,28ns/pF) C
5 60 120 ns | 10ns+ (1,0 ns/pF) C|_
LOW to HIGH 10 tTLH 30 60 ns| 9ns+(0,42ns/pF) C
15 20 40 ns| 6ns+ (0,28 ns/pF) C
VDD typical formula for P (uW) whee
\ fj = input freq. (MHz)
2 fo = output freq. (MHz)
Dynamic power 5 1100 f; + =(f,CL) x Vpp C|_ = load capacitance (pF)
dissipation per 10 4400 fj + Z(foCL) x VDDZ 2 (foCr) =sum of outputs
package (P) 15 12900 fj + Z(foCL) x Vpp Vpp = supply voltage (V)
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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 (Sp), clear direct (Cp),

clock inputs (CP) and outputs (0, D). Data is accepted when CP is LOW and transferred to the output on
the positive-going edge of the clock. The active HIGH asynchronous clear-direct (Cp) and set-direct (Sp)
are independent and override the D or CP inputs. The outputs are buffered for best system performance.

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

times.
"6"_"!
Sp1
5 D1 01 1
31 lce, FF
0 -
Cp1
4
i'__J
S
D2
9 by Oy 13
1 lcp, FF
5 1
0, 2
Cp2
0] |
7269524.1

Fig. 1 Functional diagram.

1) 3] [iz] [11] o] [e] [®
Vop 02 02 CP; Cpz D2 Spe

- HEF4013B

0, O, CP; Cp; Dy Sp; Vss
1T 12] 131 1&] 5] 18] 17
7269481

Fig. 2 Pinning diagram.
FAMILY DATA

Ipp LIMITS category FLIP-FLOPS

FUNCTION TABLES

inputs outputs
SplCp|cP|D| O | O
H|L |X|X|H]|L
LYy H [|X [0 1| H
H|H|X|[X]|H|H
inputs outputs
Sp|{Cp|CP|D| Oq+1| On+1
L|{L}|JS(L L H
LiL{JS|H H L
H = HIGH state (the more positive voltage)
L = LOW state (the less positive voltage)
X = state is immaterial
b = positive-going transition

Op, + 1 = state after clock positive transition

PINNING

D datainputs

CP clock input (L to H edge-triggered)

Sp asynchronous set-direct input (active HIGH)
Cp 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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Dual D-type flip-flop

HEF4013B

flip-flops

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

Vbbp

typical extrapolation

v symbol | min. typ. max. Pa—
Propagation delays

cP—=0,0 5 110 220 ns | 83ns+ (0,55 ns/pF)CL
HIGH to LOW 10 |tpHL 45 90 ns | 34ns+ (0,23 ns/pF)CL
15 30 60 ns | 22ns+ (0,16 ns/pF)Cy_

5 95 190 ns | 68 ns+ (0,55 ns/pF)C

LOW to HIGH 10 |tpLH 40 80 ns 29 ns + (0,23 ns/pF)C
15 30 60 ns | 22ns+ (0,16 ns/pF)C

Sp—=0 5 100 200 ns | 73ns+ (0,55 ns/pF)C
HIGH to LOW 10 |tpHL 40 80 ns | 29ns+ (0,23 ns/pF)Cp
15 30 60 ns | 22ns+ (0,16 ns/pF)CL

Sp—*0 5 75 150 ns | 48ns+ (0,55 ns/pF)C
LOW to HIGH 10 |tpLH 35 70 ns | 24ns+(0,23 ns/pF)CL
15 25 50 ns | 17ns+ (0,16 ns/pF)CL

Cp—=0O 5 100 200 ns 73 ns + (0,55 ns/pF)C_
HIGH to LOW 10 [tpHL 40 80 ns | 29ns+ (0,23 ns/pF)CL
15 30 60 ns 22 ns + (0,16 ns/pF)C_

Cp—=0 5 60 120 ns | 33ns+(0,55ns/pF)CL
LOW to HIGH 10 |tpLH 30 60 ns | 19ns+ (0,23 ns/pF)C
15 20 40 ns | 12ns+ (0,16 ns/pF)C

Output transition

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

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

\ | January 1995
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HEF4013B

flip-flops

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

VBD symbol | min. typ. max.
Set-up time 5 40 20 ns
D —CP 10 |tgy 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 Sp pulse 5 50 25 ns
width; HIGH 10 [twspH |24 12 ns S:f:f‘;‘:‘:‘éef°rms
15 20 10 ns g
Minimum Cp pulse 5 50 25 ns
width; HIGH 10 |twcDH | 24 12 ns
15 20 10 ns
Recovery time b 15 -5 ns
for Sp 10 [trsD 15 0 ns
15 15 0 ns
Recovery time 5 40 25 ns
for Cp 10 |trcD 25 10 ns
15 25 10 ns
Maximurmn clock 5 7 14 MHz
pulse frequency 10 |frmax 14 28 MHz
15 20 40 MHz
VDD | typical formula for P (uW where
v | W) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 850 f; + =(foCL) x Vpp? CL = total load cap. (pF)
dissipation per 10 | 3600 fj + Z(foCL) x Vpp? Z(foC ) =sum of outputs
package (P) 15 | 9000 f; + Z(f,CL) x Vpp? Vpp = supply voltage (V)

190
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Dual D-type flip-flop HEF4013B

flip-flops

CP INPUT ]

—| thold |[*—

D INPUT 50%

7269573.2

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

Sp INPUT 50% \

< twspH ™|

Cp INPUT 50%

(

CP INPUT

~—1tRcD

O OUTPUT

7269577.2

Fig. 5 Waveforms showing recovery times for Sp and Cp; minimum Sp and Cp pulse widths.
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HEF4013B

flip-flops

APPLICATION INFORMATION
Some examples of applications for the HEF4013B are:

e Counters/dividers
® Registers
® Toggle flip-flops

D ——D (0] »— D or—---—D o— O
FF
—{cp FF —{cP e Rt
oF of or
clock T 7282332

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

— D O—I +— D O——I_ — D OoF— O
clock —»—cp FF »{cp FF ety tep FF
1 2 n
B—I 6“ 6]
%V__J 7282333

T-type flip-flop

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

o o b o --—-———1D0 © >
—cp FF »cp FF cp FF
ol ot 5
clock < s
o
T 7282334

Fig. 8 Typical application of the HEF4013B in a modified ring counter; divide-by-(n + 1).
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HEF40148
MSsI

8-BIT STATIC SHIFT REGISTER

The HEF4014B is a fully synchronous edge-triggered 8-bit static shift register with eight synchronous
parallel inputs (Pg to P7), a synchronous serial data input (Dg), a synchronous parallel enable input
(PE), a LOW to HIGH edge-triggered clock input (CP) and buffered parallel outputs from the last three
stages (Og to O7).

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

7 |6 |5 |4 |13 |14 |15 |1

Dn D D
10]cp o0 | SHIFTREGISTER '
8-BITS
Og |06 |07
7269525.3 2 12 |3

Fig. 1 Functional diagram.

16] [15] [14 J13] 12| f11] [10] ]9
Vop P& Ps P, Og Ds CP PE

D HEF40148 HEF4014BP(N): 16-lead DIL; plastic
(SOT38-1)
Pr O Oz P3s Py Py Pg Vss HEF4014BD(F): 16-lead DIL; ceramic (cerdip)
1 2 3 4] |5 6 7 8 (SOT74)
7269482 HEF4014BT(D): 16-lead SO; piastic

(SOT109-1)

Fig. 2 Pinning diagram. (): Package Designatcr North America

FAMILY ODATA l
see Farnily Specifications
Ipp LIMITS category MSI
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8-bit static shift register

HEF4014B
mSI

PINNING

PE parallel enable input

Pg to Py parallel data inputs

Ds serial data input
cpP clock input (LOW to HIGH edge-triggered)
Og to O7 buffered parallel outputs from the last three stages

FUNCTION TABLES

Serial operation

Parallel operation

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

Dn
n

1]

inputs outputs inputs outputs
n| CP [Dg |PE |Og [Og | O7 n| CP|Dg |PE |Og |Og | O7
1| 7 |pg|L X |X]|X 11/ | X |H |Pg |Pg|P7
2| / |Dp|L | X |X|X . | X | X | nochange
3| /S |pg|L X |Xx|X
6| / | X |L |Dp|X|X H = HIGH state (the more positive voltage)
7|1 /S | X |L |Dp|D7|X L = LOW state (the less positive voltage)
8| / | X |L |D3|Dp|Dq X = state is immaterial

| X [ X no change /= positive-going transition

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

VbD
v

typical formula for P (uW)

where
f; = input freq. (MHz)

Dynamic power
dissipation per
package (P)

5
10
15

900 f; + Z(foCL) x Vpp?
4300 fj + Z(f,C) x Vpp?
12000 f; + Z(f,C) x Vpp?

fo = output freq. (MHz)
C| = load cap. (pF)
2(foCL) = sum of outputs
Vpp = supply voltage (V)
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HEF4014B
MSsI

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

typical extrapolation

VDD ;
v symbol | min. typ. max. o
Propagation delays
Cp — Op 5 130 260 ns 103 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 55 110 ns 44 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns+ (0,16 ns/pF) C_
5 115 230 ns 88 ns + (0,55 ns/pF) C_
LOW to HIGH 10 [tpLH 50 100 ns 39 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C
HIGH to LOW 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C|_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 | tTLH 30 60 ns 9 ns+ (0,42 ns/pF) C
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Set-up times 5 40 10 ns
PE — CP 10 | tgy 25 5 ns
15 15 0 ns
5 35 -5 ns
Dg —= CP 10 |ty 25 -5 ns
15 25 0 ns
5 35 -5 ns
Ph — CP 10 |ty 25 -5 ns
15 25 0 ns
Hold times 5 25 -5 ns
PE —s CP 10 | thord 20 0 = sFeie a::o waveforms
15 15 0 ns %
5 30 15 ns
Dg —= CP 10 | thold 20 10 ns
15 15 7 ns
5 30 15 ns
Ph —= 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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HEF4014B
MSI

A

8-bit static shift register
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HEF4014B
MSI

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

The HEF4015B is a dual edge-triggered 4-bit static shift register (serial-to-parallel converter). Each shift

DUAL 4-BIT STATIC SHIFT REGISTER

register has a serial data input (D), a clock input (CP), four fully buffered parallel outputs (Og to 03)
and an overriding asynchronous master reset input (MR). Information present on D is shifted to the
first register position, and all the data in the register is shifted one position to the right on the LOW-to-
HIGH transition of CP. A HIGH on MR clears the register and forces Og to O3 to LOW, independent
of CP and D. Schmitt-trigger action in the clock input makes the circuit highly tolerant to slower clock
rise and fall times.

7|Pa Ooals
SHIFT 91a]4
9[CPa
REGISTER [0,4(3
4-BITS
O3al10
6|MRa [
15(PB Opg|13
- SHIFT O18/12
Y*" Bl REGISTER |01
4-BITS
O3g|2
14]MRg |
7269526.2

PINNING
Da. Dg
MRa, MRg
CPa, CPB

Opa. O1a, O24a, O3
OpB, 018, O28, O3B

serial data input

18] [15] [1a] [13] [iz] [11] [i0] [s
Voo Dg MRgOpg O1g O2g O34 CPA
) HEF4015B

CPg O3g Oz O1a Opa MRA Da Vss

1 2 3 4f (5 6 7 8
7269483

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. T Functional diagram.

master reset input (active HIGH)
clock input (LOW-to-HIGH edge-triggered)

APPLICATION INFORMATION
Some examples of applications for the HEF4015B are:

® Serial-to-parallel converter
® Buffer stores

® General purpose register

FAMILY DATA

Ipp LIMITS category MSI

parallel outputs
parallel outputs

see Family Specifications
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HEF4015B

MSi

LOGIC DIAGRAM (one register)

04 ) 03
D—D— D O
FF FE FF EE
o 2 3 4
Cp
LR = _ﬂ_
— l/ 7269696.3

FUNCTION TABLE

Fig. 3 Logic diagram.

inputs outputs
n | CP|D |MR|Og |01 |02 O3
1|/ |[Dp| L DX | X |X
2 [ |Dp| L [Dp|Dq|X |X
3 |/ |[Dg | L |D3|Dp|Dq|X
4 | S |Dg | L |Dg |D3|Dp |D1
B L no change
X |X | H|L l L | I | L

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

X state is immaterial

/= positive-going transition

. = negative-going transition

Dp = either HIGH or LOW

n = number of clock pulse transitions

200
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Dual 4-bit static shift register

HEF4015B

MSI

A.C. CHARACTERISTICS

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

VpD ’ typical extrapolation
v symbol | min. typ. max. Sl
Propagation delays
CP —= Oy, 5 130 260 ns 103 ns + (0,55 ns/pF) C|_
HIGH to LOW | 10 |tpyL 55 110 ns 44 ns + (0,23 ns/pF) C|_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
5 120 240 ns 93 ns + (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 55 110 ns 44 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns+ (0,16 ns/pF) C|_
MR —= Op 5 105 210 ns 78 ns + (0,55 ns/pF) C
HIGH to LOW 10 | tpHL 45 90 ns 34 ns + (0,23 ns/pF) C_
15 35 70 ns 27 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 |tTHL 30 60 ns 9 ns + (0,42 ns/pF) C
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 |tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
18 20 40 ns 6 ns + (0,28 ns/pF) C|
Set-up time 5 25 -15 ns
D —= CP 10 | tgy 25 -10 ns
15 20 -5 ns
Hold time 5 40 20 ns
D —= CP 10 | thold 20 10 ns
| 15 15 8 ns
Minimum clock 5 60 30 ns
see waveforms
pulse width; LOW | 10 | twcpL 30 15 ns .
15 20 10 o, Figs 4 and 5
Minimum MR 5 80 40 ns
pulse width; HIGH | 10 | tymRH | 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
VpD . where
v typical formula for P (uW) f = input freq. (MHz)
= fo = output freq. (MHz)
Dynamic power 5 1500 f; + 2 (foCL) x Vpp? | CL = load capacitance (pF)
dissipation per 10 6300 f; + Z(f,C) x Vpp? 2(foCp) = sum of outputs
package (P) 15 | 17000 fj + Z(fo,CL) x Vpp? ] Vpp = supply voltage (V)

\ | January 1995
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CP INPUT

D INPUT

50 %
> thod |« = thoid |<-
50% | 50% 50% | 50%
-ty = -ty = 72696971

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 {50%: T
-

CP INPUT

0o

t wMrH —>l<—tRrRMR—

%50%

OUTPUT N

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

7269695
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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 Vpp a low
impedance bidirectional path between Y and Z is established (ON condition). When E is connected to
Vgg the switch is disabled and a high impedance between Y and Z is established (OFF condition).
Current through a switch will not cause additional Vpp current provided the voltage at the terminals

of the switch is maintained within the supply voltage range; Vpp = (Vy, Vz) 2 Vgg. Inputs Y and Z
are electrically equivalent terminals.

iz |1 s la l6 |8 |2 |

Eo (Yo |E1 |Y1 |[E2 |Y2 |E3 [Y3
14 |13 12 1 10 9 8
Vop Eo B3 Y3 Z3 Zp Y,

B HEF4016B

20 Z1 22 Z3
2 3 5 0 Yo Zo 2y Yy Ey E; Vsg
1T 12 (3] 1a] 5] 18] |17
7269484
7269571.2
Fig. 1 Functional diagram. 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

PINNING APPLICATION INFORMATION
Eq to E3 enable inputs Some examples of applications for the HEF4016B are:
Y to Y3 input/output terminals ® Signal gating
Zpto Z3 input/output terminals ® Modulation
® Demodulation
® Chopper
Yo
VbD 1 1 v "
A DD —4——4— Vss
—
__\»_
[ e

VoD (| Vss
Eo ':"‘ ey

H
N

Vop —|¢——€—Vss

7269694.3

Fig. 3 Schematic diagram (one switch).
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HEF4016B

gates
RATINGS
Limiting values in accordance with the Absolute Maximum System (1EC 134)
Power dissipation per switch P max. 100 mW
For other RATINGS see Family Specifications
D.C. CHARACTERISTICS
Tamb =25 ©C; Vgs =0 V (unless otherwise specified)
parameter V\E;D symbol typ. max unit conditions
5 8000 - Q l EnatViH
ON resistance 10 RoN 230 690 Q Vis=0to Vpp
15 115 350 Q | see Fig. 4
5 140 425 Q l Ehat V|H
ON resistance 10 Ron 65 195 Q Vis = Vss
15 50 145 ) st 4
5 170 515 Q ] Epat ViH
ON resistance 10 Ron 95 285 Q Vis= VDD
15 75 220 Q J see Fig. 4
‘A" ON resistance 5 200 = Q | EnatViH
between any two 10 ARQN 15 = Q Vis=0to Vpp
channels 15 10 — Q J see Fig. 4
VbD Tamb (°C)
parameter \ symbol| —40 + 25 + 85 unit condition
min. max. min. max. min. max.
Quiescent b - 10 - 10 - 7,5 LA Vgg =0; all
device 10 IpD - 20 — 20 — 150 |uA valid input
current 15 — 40 — 40 - 30,0 (uA I combinations;
V| =VssorVpp
Input leakage % s _
current at E, 15 N 300 — 1000 |nA Ejat Vggor Vpp
OFF-state
leakage 5 — - - — = nA Enat ViL;
current,any | 10 loz = = - = S nA L Vis=Vssor Vpp;
channel OFF | 15 - = - 200 - - nA J Vos = VDD or Vsg
Ep input b - 15 - 15 - 15 |V t switch OFF;
voltage LOW | 10 ViL - 30 - 30 - 30 |V J see Fig. 9
15 - 40 —- 40 - 40 |V for lpz
Ep input 5 3,6 — 3,5 — 35— \% low-impedance
voltage HIGH | 10 ViH 7,0 — 7,0 — 7,0 — \% between Y and
15 110- 11,0— 11,0- |V I Z (ON condition)
] see Rop switch
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gates

Quadruple bilateral switches

E

n _DO_DQ—,—DO_
(at V| or Vpp)

Y,
4 z

n

Vis=Vss o Vpp lig=1004A

47 7284149.1
4

Vss

Fig. 4 Test set-up for measuring RQN.

7284150.1
\
200 / \ P
/T Niov
Ron /
Q) N
100 /\\\
/ pd \N5V
/ ~~_
00 4 8 12 16
Vis (V)

Fig. 5 Typical Rop as a function of input voltage.
En>ViH

lis = 100 uA

Vgg=0V
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gates

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

V\D/D symbol typ.  max.
Propagation delays
Vis = Vos 5 25 50 ns l
HIGH to LOW 10 tPHL 10 20 ns note 1
15 5 10 ns J
5 20 40 ns l
LOW to HIGH 10 tPLH 10 20 ns note 1
15 5 10 ns J
Output disable times
Enh — Vs 5 90 130 ns l
HIGH 10 | tpHz 80 110 ns note 2
15 75 100  ns J
5 85 120 ns [
LOW 10 tpLz 75 100 ns note 2
15 75 100 ns J
Output enable times
En — Vs 5 40 80 ns |
HIGH 10 tpzH 20 40 ns note 2
15 15 30  ns J
5 40 80 ns l
LOW 10 tpzL 20 40 ns note 2
15 15 30 ns J
Distortion, sine-wave 5 - % ‘
response 10 0,08 % note 3
15 0,04 % J
Crosstalk between 5 — MHz l
any two channels 10 1 MHz note 4
15 — MHz J
Crosstalk; enable 5 — mV 1
input to output 10 50 mV note 5
15 - mv |
OFF-state 5 - MHz l
feed-through 10 1 MHz note 6
15 - MHz J
ON-state frequency 5 = MHz l
response 10 90 MHz note 7
15 = MHz | J
\% .
SD typical formula for P (uW) :Y'leir:put freq. (MHz)
i :
. fo = output freq. (MHz)
Dyn’arr.nc power 5 550 f; + (f,C) x Vpp? CL = load capacitance (pF)
dissipation per 10 2600 f; + Z(foCL) x Vpp? Z(foCr) = sum of outputs
package (P)* 15 | 6500 f; + =(f,C) x Vpp? Vpp = supply voltage (V)

* All enable inputs switching.

206
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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.
Vs is the output voltage at a Y or Z terminal, whichever is assigned as output.

1

. R =10k$ to Vgg; C_ =50 pF to Vgs; En = Vpp: Vis = VpD (square-wave); see Figs 6 and 10.
2.

RL =10k&; C =50 pF to Vgs; E, = Vpp (square-wave);
Vis = Vpp and R|_to Vgg for tpqz and tpzH;
Vis = Vgsand R|_to Vpp for tp| 7 and tpz| ; see Figs 6 and 11.

.RL=10kQ; C|_=15pF; Ey = Vpp; Vis = %2VDD(p-p) (sine-wave, symmetrical about %2Vpp);

fis = 1 kHz; see Fig. 7.

- RL=1k&; Vis="%Vpp(p-p) (sine-wave, symmetrical about %2Vpp);

Vos (B) )
20 log ——— =—-50dB;E (A) =Vgs; E, (B) = Vpp; see Fig. 8.
Vis (A)
. RL=10k® to Vgg; C| = 15 pF to Vgg; E = Vpp (square-wave); crosstalk is |V | (peak value);

see Fig. 6.

. RL=1kQ;C|_=5pF; Ey = Vgs; Vis = %BVpD(p-p) (sine-wave, symmetrical about %2Vpp);

v
20 log —= = —50dB; see Fig. 7.
IS

.RL=1kQ;C|=5pF;Ey = Vpp: Vis= VDD (p-p) (sine-wave, symmetrical about 2Vpp);

\Y
20 log g = —3 dB; see Fig. 7.
is

I | January 1995
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gates

os Is F ] @ os

L CL RL CL
7Z84146.1 7284147 .1
Vss Vss

ey TP
. .

Fig. 6. Fig. 7.

En (A) —DO—Do—q—-D switch A En¢5)*{>

Vis (A)

switch B

os (B)

Vss
7274580.2

(a) (b)
Fig. 8.

Vss {A)Y— VoD
qu 72841481
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Quadruple bilateral switches HEF4016B
gates

. 20ns 20ns
—ES o )
Vv
f90% BP

Vis 50%

10% Wes
Vos 50%

el <__tPLH — tPHL < -

7279897

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

20ns 20ns
\%
fgo% bR
En INPUT 50% &
10% Vss
90%
Vos (1)
10%
=i -— tpzH —=| tpyz I=—
90%
Vos (2)
10%
—- -— tpzL ==l tpy 7 |=— 7279898

(1) Visat Vpp: (2) Vjs at Vgs.

Fig. 11 Waveforms showing output disable and enable times.
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HEF4017B
MSsI

5-STAGE JOHNSON COUNTER

The HEF4017B is a 5-stage Johnson decade counter with ten spike-free decoded active HIGH outputs
(Og to Og), an active LOW output from the most significant flip-flop (Os.g), active HIGH and active
LOW clock inputs (CPO,EF1) and an overriding asynchronous master reset input (MR).

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

When cascading counters, the 55_9 output, which is LOW while the counter is in states 5, 6, 7, 8 and
9, can be used to drive the CPq input of the next counter.

A HIGH on MR resets the counter to zero (Og = 05.9 = HIGH; 01 to Og = LOW) independent of the
clock inputs (CPg, CP1).

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

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

CPq

-
12 CPO 5—STAGE JOHNSON COUNTER

-

15|MR l | n
Os5-9|12
DECODING AND QUTPUT CIRCUITRY
Oo 01 02 03 04 05 06 07 08 09
7269564.3 3 12 |4 |7 MO |1 }5 (6 [9 |11
16] [15] [14] [13] [12] 1] [to] [9 Fig. 1 Functional diagram.
VDD MR CPO Eﬁ 65-9 09 OL 05
;) HEF4017B
P(N): 16-lead DIL; plasti
Ok 0; Dg O O 07 O3 Ves HEF4017BP(N) 16((38%T38_1)pas ic
1 2] [3] |af |8] |8] 7] |8 HEF4017BD(F): 16-lead DIL; ceramic (cerdip)
] N= ) 7269485 (SOT74)
Fig. 2 Pinning diagram. HEF4017BT(D): 16-lead SO; plastic
(SOT109-1)
(): Package Designator North America
PINNING
CPg clock input (LOW to HIGH triggered)
CP4 clock input (HIGH to LOW triggered)
MR master reset input
Opto Og  decoded outputs
O5_9 carry output (active LOW)
FAMILY DATA

see Family Specifications
Ipp LIMITS category MSI

| (January 1995
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CYTYYYY

w s ——9
w™ —4
() —

il —

vat

o

£X

oo
=

0%

0

-9

5

Og

Og

07

Og

Og

04

O3

03

1

(0]

Op

Fig. 3 Logic diagram.
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5-stage Johnson counter

HEF4017B

MSI

FUNCTION TABLE

MR | CPg

<l
k-

operation

H X X

L H R Counter advances
L v L Counter advances
L L X No change

L. X H No change

L H v No change

L N L No change

0p=059=H;0qt00g=L

A.C. CHARACTERISTICS

H = HIGH state (the more positive voltage)

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

/ = positive-going transition

\l = negative-going transition

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

VpD g typical extrapolation
v symbol | min.  typ. max. ol
Propagation delays
CPg,CP1—=0@toOg| 5 140 280 ns 113 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 55 110 ns 44 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns+ (0,16 ns/pF) C_
5 125 250 ns 98 ns + (0,55 ns/pF) C|
LOW to HIGH 10 | tpLH 50 100 ns 39 ns + (0,23 ns/pF) C|_
15 40 80 ns 32 ns + (0,16 ns/pF) C|_
CPg, CP1 — Os.9 5 145 290 ns 118 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tHL 55 110 ns 44 ns + (0,23 ns/pF) C|_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
5 126 250 ns 98 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 50 100 ns 39 ns + (0,23 ns/pF) C_
156 40 80 ns 32 ns+ (0,16 ns/pF) C_
MR — Oq to Og 5 115 230 ns 88 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 50 100 ns 39 ns + (0,23 ns/pF) C_
15 35 70 ns 27 ns+ (0,16 ns/pF) C_
MR —= Og.9 5 110 220 ns 83 ns + (0,55 ns/pF) C|_
LOW to HIGH 10 | tpLH 45 90 ns 34 ns + (0,23 ns/pF) C|_
15 35 70 ns 27 ns + (0,16 ns/pF) C_
MR —= Oqg 5 130 260 ns 103 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 55 105 ns 44 ns + (0,23 ns/pF) C
15 40 75 ns 32 ns + (0,16 ns/pF) C_
Output transition

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

\ | January 1995
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A.C. CHARACTERISTICS
Vgs =0V; Tamp = 25 ©°C; C_ = 50 pF; input transition times < 20 ns

V\IZ;D symbol | min. typ. max.
Hold times 5 90 45 ns
Cpg — CPq 10 | thold 40 20 ns
15 20 10 ns
_ 5 80 40 ns
CP1 — CPg 10 | thold 40 20 ns
15 30 10 ns
Minimum clock
pulse width: 5 twePL = 80 40 ns
CPg=LOW; 10 40 20 ns see also waveforms
CP: =HIGH 15 |WCPH | 30 15 ns | (Figs4 and 5
Minimum MR 5 50 25 ns
pulse width; HIGH 10 |twmRH | 30 15 ns
15 20 10 ns
Recovery time 5 60 30 ns
for MR 10 | tRMR 30 15 ns
15 20 10 ns
Maximum clock 5 6 12 MHz
pulse frequency 10 | frax 12 24 MHz
15 15 30 MHz
Vpp where

v typical formula for P (uW) f; = input freq. (MHz)

fo = output freq. (MHz)

Dynamic power 5 500 f; + (foCL) x Vpp? CL = load cap. (pF)
dissipation per 10 | 2200 f; + Z(f,CL) x Vpp? 2(foCL) =sum of outputs
package (P) 15 | 6000 f; + Z(foC) x Vpp? Vpp = supply voltage (V)
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5-stage Johnson counter

HEF4017B
msi

CPy INPUT 50%

—-| t hold |

CPy INPUT 50%

7269578.1

| twepH

Fig. 4 Waveforms showing hold times for CPq to CP4
Hold times are shown as positive values, but may be s|

<—twepL —>
CPy INPUT 50%
—

=

and CPq to CPq.
pecified as negative values.

-50%

—

trmr
<+— twMrH—>
0, OUTPUT

L.

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

7269574.2

Conditions: CPq = LOW while CP( is triggered on a LOW to HIGH transition.
twep and tRMmR also apply when CPg = HIGH and CPj is triggered on a

HIGH to LOW transition.

w ' January 1995
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0
o
o
1

CPq INPUT

MR INPUT _\
0g OUTPUT _\ )
[

—

04 OUTPUT ;

0, OUTPUT ] \
03 OUTPUT [ 5

04 OUTPUT FA
0g OUTPUT [\
Og OUTPUT [
0, OUTPUT ;[_\
Og OUTPUT [ )

>t

Og OUTPUT ]

el

Og_g OUTPUT \ ———

Fig. 6 Timing diagram.
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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).

MR MR MR
CPg CPg — ——CPqg
Py HEF4017B cPq HEF40178B cPy HEF40178B
Og 0O1----0g Og 0Og 01----0g Og D= Og Og
| -
— S e
9 decoded 8 decoded 8 decoded
outputs outputs outputs
r} FD— 7284127
clock e
first stage intermediate stages last stage
Fig. 7 Counter expansion.
Note

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

\ | January 1995
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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 (Pg to P4), five active LOW buffered outputs (Og to
64), and an overriding asynchronous master reset input (MR).

Information on Pg to P4 is asynchronously loaded into the counter while PL is HIGH, independent of
CP and D inputs. When P| is LOW, the counter advances on the LOW to HIGH transition of CP. By
connecting Og to Og4 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 (O to O4 = HIGH) independent of all other inputs.

2 |3 |7 |9 |12

10| PL] PARALLEL LOAD
CIRCUITRY

1 _Dfch/sp

141 CP COUNTER

15|MR

Oq |04 |02 [0304

5

6 |11 |13

7269527.3

Fig. 1 Functional diagram.

FUNCTION SELECTION

counter | connect
mode; D input | remarks
divide by to
10 04 no external
8 03 components
6 02 needed
4 01
2 Op
9 §3 . §4 AND gate
7 02°03 | needed;
5 01:02 | counter
3 0p- 01 | skipsall
HIGH states

16] [15] [14] [13] [12] [11] [10] [9

Vop MR CP D, P, 0, PL P,

= HEF4018B

D Pp P, O, O O, P, Vss

1121 13 1«] Is] Lsl (7] |e
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)

(): Package Designator North America

PINNING

PL parallel load input

Pg to P4 parallel inputs

D data input

cP clock input (LOW to HIGH edge triggered)

MR master reset input

Og to Og buffered output (active LOW)

APPLICATION INFORMATION

Some examples of applications for the
HEF4018B are:

® Programmable divide-by-n counter
® Programmable frequency division

® Timers

FAMILY DATA l
see Family Specifications
Ipp LIMITS category MSI J
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)

A
0l 0

1
Cp

)
e

wn—>o gk

Fig. 3 Logic diagram.
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Presettable divide-by-n counter HEF4018B
MSI

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

where
f; = input freq. (MHz)
fO = output freq. (MHz)

V[\D/D typical formula for P (uW)

Dynamic power 5 700 f; + Z(foCL) x Vpp? Cy_ = load capacitance (pF)
dissipation per 10 3450 f; + Z(foCL) x Vpp? Z(foCy) = sum of outputs
package (P) 15 | 10300 f; + =(foC) x Vpp? Vpp = supply voltage (V)

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

\ . typical extrapolation
I\D/D symbol | min. typ. max. s ?;"rnﬁla
Propagation delays
cP — 0O 5 185 370 ns 158 ns + (0,55 ns/pF) C|_
HIGH to LOW 10 | tpHL 65 135 ns 54 ns + (0,23 ns/pF) C_
15 50 95 ns 42 ns+ (0,16 ns/pF) C_
5 145 295 ns 118 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 55 110 ns 44 ns + (0,23 ns/pF) C_
15 40 85 ns 32 ns+ (0,16 ns/pF) C_
PL —= O 5 205 415 ns 178 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 70 140 ns 59 ns + (0,23 ns/pF) C_
15 50 105 ns 42 ns + (0,16 ns/pF) C_
5 175 350 ns 148 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 65 125 ns 54 ns + (0,23 ns/pF) C_
15 50 95 ns 42 ns + (0,16 ns/pF) C_
MR — O 5 140 280 ns 113 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 55 105 ns 44 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
Output transition

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

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

Vv ) typical extrapolation
L \D/D symbol [min. typ. max. FM——
|
 Set-up time 5 130 65 ns
! D — CP 10 |ty 40 20 ns
15 30 15 ns
Hold time 5 20 -45 ns
D — CP 10 | thold 5 -15 ns
15 5 -10 ns
Minimum clock 5 140 70 ns
pulse width; LOW | 10 | tycpL | 50 25 ns
15 40 20 ns
Minimum MR pulse 5 100 50 ns
width; HIGH 10 |twmru| 35 20 ns ffi::f°5"f:§fgrms
15 25 15 ns !
Minimum PL pulse 5 145 25 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 " MHz
15 8 16 MHz
CP INPUT 500

MR INPUT

72696331

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

MSI

CP INPUT

D INPUT 50%%

Z
7275393

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

CP INPUT 50 %
<— twpih—| trpL =

PL INPUT

+— tgy ——»Ithold [
By, INPUT 50% 50°% / /
7

7269662.1

Fig. 6 Waveforms showing minimum PL pulse width, recovery time for PL, and set-up and hold times
for P, to PL. Set-up and hold times are shown as positive values but may be specified as negative values.
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HEF4019B
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QUADRUPLE 2-INPUT MULTIPLEXER

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

from one of two sources.

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

6 7 4 5 2 3 15 1
alsa [P0 [Bo |M By Ag I|Bg |A3 |98
14[Sg , [ |

[10 [11 12 [13

Fig. 1 Functional diagram.
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L 2] [8] [af [s] [e] (2] [8]
7269487.1
Fig. 2 Pinning diagram.

PINNING

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

Bp to B3
Og to O3

7269542.3

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

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

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

(): Package Designator North America

multiplexer inputs
multiplexer outputs

see Family Specifications

Ipp LIMITS category MSI
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Fig. 3 Logic diagram.

TRUTH TABLE

select inputs output

SA Sp An B

3
o
=]

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

HEF4019B
MsI

A.C. CHARACTERISTICS

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

Vl\)/D symibial 1. HiER. typical ig(:rr:lpj)glatlon
Propagation delays
An. Bn, SA, Sg — Op 5 70 145 ns | 43 ns+ (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 30 60 ns | 19ns+ (0,23 ns/pF) C
15 25 50 ns | 17ns+ (0,16 ns/pF) C
5 60 130 ns | 33 ns+ (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 25 50 ns | 14ns+ (0,23 ns/pF) CL
15 15 35 ns 7 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns | 10ns+ (1,0 ns/pF) C_
HIGH to LOW 10 | tTHL 30 60 ns| 9ns+(0,42ns/pF)CL
15 20 40 ns| 6ns+(0,28ns/pF)CL
5 60 120 ns | 10ns+ (1,0 ns/pF) C
LOW to HIGH 10 | tTLH 30 60 ns| 9ns+(042ns/pF)CL
16 20 40 ns| 6ns+(0,28ns/pF) C
V[\)/D typical formula for P (uW) \fl\i/ieirsput freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1200 f; + Z(foC) x Vpp?| CL = load capacitance (pF)
dissipation per 10 5100 f; + Z(fo,C) x Vpp?| Z(foCL) = sum of outputs
package (P) 15 | 18700 f; + =(f,C) x Vpp?| VDD = supply voltage (V)

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

e True/complement selection.

\ ' January 1995
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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 (Og, 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 Vpp = 15 V).

11| MR

12-STAGE COUNTER

Op |03 |04 |05 |Og [O7 |Og |Og [O1g [O11]012 [O13

7273680.3

PINNING

cp

MR

Op, 03t0 013

FAMILY DATA

9 7 5 4 6 13 |12 |14 |15 |1 2 3

Fig. 1 Functional diagram.
18] [15] [1a] [13] [r2] [11] [o] [9
Vpp O1gp Og 07 Og MR CP Og
D HEF4020B
On Oy O13 Os O Og O3 Vss

1 2 3 4] |5 6 7 8
7269488

Fig. 2 Pinning diagram.

HEF4020BP(N): 16-lead DIL; plastic
(SOT38-1)

HEF4020BD(F): 16-lead DIL; ceramic (cerdip)
(SOT74)

HEF4020BT(D): 16-lead SO; plastic
(SOT109-1)

(): Package Designator North America

clock input (HIGH to LOW edge triggered)
master reset input (active HIGH)

parallel outputs

see Family Specifications

Ipp LIMITS category MSI
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14-stage binary counter

HEF4020B

MSI

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

\% s typical extrapolation
SD symbol | min. typ. max. yp'cafoi);[”:
PrgEgation delays
CP —= Qg 5 105 210 ns 78 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 45 90 ns 34 ns + (0,23 ns/pF) C_
15 30 65 ns 22 ns+ (0,16 ns/pF) C_
5 105 210 ns 78 ns + (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 50 95 ns 39 ns + (0,23 ns/pF) C
15 35 70 ns 27 ns + (0,16 ns/pF) C_
Op — Op+1 5 80 160 ns 53 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 30 60 ns 19 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
5 70 140 ns 43 ns + (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 25 50 ns 14 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
MR — Op, 5 180 360 ns 153 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 90 180 ns 79 ns + (0,23 ns/pF) C_
15 70 140 ns 62 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 {tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C|_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Minimum clock 5 50 25 ns
pulse width; HIGH | 10 | twcpH 25 15 ns
15 20 10 ns
Minimum MR 5 130 65 ns
pulse width; HIGH | 10 | twmRH | 95 50 ns
15 90 45 ns
Recovery time b 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
VbD : where
Y typical formula for P (uW) f; = input freq. (MHz)
fo = output freg. (MHz)
Dynamic power 5 600 f; + =(foCL) x VpD? C = load cap. (pF)
dissipation per 10 |2800 fj + =(foCL) x Vpp? 2(foCL) =sum of outputs
package (P) 15 |8200 fj + Z(foC) x VDDZ Vpp = supply voltage (V)

\ ( January 1995
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MR INPUT i 50%

e <—tRMR

CP INPUT

YPPHL—| |=—

Ogor O,

OUTPUT e

X

7275389

Fig. 4 Waveforms showing propagation delays for MR to O and CP to 0@, minimum MR and CcP
pulse widths.
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HEF4021B
MSI

8-BIT STATIC SHIFT REGISTER

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

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

7 16 |s |4 |13 |14 ;15 |1

alpPL
11]|Ps | Spb/Cp
D SHIFT REGISTER
8-BITS
10{cp |jcp
Og [Og |97
7269530.4 2 112 |3

Fig. 1 Functional diagram.

16] 15| (14| J13{ J12[ (11] |10] |9

Voo P¢ Ps P, Og Ds CP PL HEF4021BP(N): 16-lead DIL; plastic
(SOT38-1)
D HEF4021B HEF4021BD(F): 16-lead DIL; ceramic (cerdip)
P; Os 07 P3 P, Py Pg Vss (50T74)
o =10 S HEF4021BT(D): 16-lead SO; plastic
1 2] 13] |a] Is] |s] |7] |8 (SOT109-1)

7269489

Fig. 2 Pinning diagram.

(): Package Designator North America

PINNING

PL parallel load input

Pg to Py parallel data inputs

Dg seriai data input

CcP clock input (LOW to HIGH edge-triggered)

Og to O7  buffered parallel outputs from the last three stages

FAMILY DATA l
see Family Specifications
Ipp LIMITS category MSI J
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8-bit static shift register HEF4021B
MSI

FUNCTION TABLES

= negative-going transition
n = either HIGH or 1.OW
= number of clock pulse transitions

Serial operation Parallel operation
inputs outputs inputs outputs
n | CP|Dg|PL|Og|0g |O7 n [CP|Dg |PL|Og|Og |07
1 {7 |pg|L|X|Xx|X X | X |H|P5|Pg |P7
2 | |DgfL | XX |X
3|/ |pg|L|Xx|Xx|X
6 | J/ | X|L|Dp|X|[X H = HIGH state (the more positive voltage)
7|7 | X|L|Dy|D1|X L = LOW state (the less positive voltage)
8 |/ | X |L |D3|Dy|Dq X = state is immaterial
L | X | L | nochange / = positive-going transition
N
D
n

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

VbD : typical extrapolation
v symbol | min. typ. max. Farmild
Propagation delays

CP — Op 5 125 250 ns | 98 ns+ (0,55 ns/pF)C
HIGH to LOW 10 tpHL 55 110 ns | 44 ns+ (0,23 ns/pF)C_
15 40 80 ns | 32ns+ (0,16 ns/pF)C
5 115 230 ns 88 ns + (0,55 ns/pF)C
LOW to HIGH 10 tpLH 50 100 ns | 39 ns+ (0,23 ns/pF)C
15 40 80 ns | 32ns+ (0,16 ns/pF)C
PL — Op 5 120 240 ns | 93 ns+ (0,55 ns/pF)C
HIGH to LOW 10 tPHL 55 110 ns | 44 ns+ (0,23 ns/pF)C
15 40 80 ns | 32ns+ (0,16 ns/pF)C
5 105 210 ns | 78 ns+{0,55 ns/pF)C
LOW to HIGH 10 tPLH 50 100 ns 39 ns + (0,23 ns/pF)C
15 40 80 ns | 32ns+(0,16 ns/pF)C

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

5 60 120 ns | 10ns+(1,0ns/pF)CL
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
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HEF4021B
ms!

A.C. CHARACTERISTICS
Vgg = 0V; Tamp = 25 9C; C|_ = 50 pF; input transition times < 20 ns

VBD symbol min.  typ. max.
Set-up times 5 25 -15 ns
Dg—=CP 10 tsy 25 -10 ns
15 15 -5 ns
5 50 25 ns
Pn—=PL 10 tsy 30 10 ns
15 20 5 ns
Hold times 5 40 20 ns
Dg—CP 10 thold 20 10 ns
16 15 8 ns
5 15 —10 s see also waveforms
Ph—PL 10 thold 15 0 ns Figs 4 and 5
15 15 0 ns
Minimum clock 5 70 35 ns
pulse width; LOW 10 twepPL 30 15 ns
15 24 12 ns
Minimum PL 5 70 35 ns
pulse width; HIGH | 10 tWPLH 30 15 ns
15 24 12 ns
Recovery time 5 50 10 ns
for PL 10 tRPL 40 5 ns
15 35 b ns
Maximum clock 5 6 13 MHz
pulse frequency 10 fmax 15 30 MHz
16 20 40 MHz
VpD . where
i | f |
Y, ypical formula for P (uW) 85 < gt By, (M)
] fo = output freq. (MHz)
Dyn'arr'nc power 5 900 f; + Z(foCL) x Vpp? C = load capacitance (pF)
dissipation per 10 4300 f; + Z(foCL) x Vpp? Z(foCL) =sum of outputs
package (P) 15 12000 f; + Z(f,C) x Vpp? Vpp = supply voltage (V)

238
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8-bit static shift register HEF4021B
MSI

CP INPUT

- tsu +thod [« <+ twepl—>

Ds INPUT 50% 50%

7269661

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

CP INPUT 50%

<— twpy—>| treL =

PL INPUT

«— ty ———»Ithoid |+

P INPUT 50%% 50°%

7269662.1

Fig. 5 Waveforms showing minimum PL pulse width, recovery time for PL, and set-up and hold times
for Py, to PL. Set-up and hold times are shown as positive values but may be specified as negative values.

January 1995
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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 (Og to O7), an active LOW output from the most significant flip-flop (O4.7), active HIGH and
active LOW clock inputs (CPq, CP1) and an overriding asynchronous master reset input (MR).

The counter is advanced by either a LOW to HIGH transition at CPg while CP{ is LOW or a HIGH to
LOW transition at CP1 while CPq is HIGH (see also function table). Either CPg 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 O4.7 output, which is LOW while the counter is in states, 4, 5, 6 and 7,
can be used to drive the CPg input of the next counter.

A HIGH on MR resets the counter to zero (Og = 04.7 = HIGH; 01 to O7 = LOW) independent of the
clock inputs (CPg, CP1).

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

13{CPq

o_)_ 4-STAGE JOHNSON COUNTER
14[cPy ‘_
15[MR | [ [ ] | )

04-7 |12
DECODING AND OUTPUT CIRCUITRY
00 01 02 03 04 05 06 07
7269565.2 2 i 3 7 11 14 |5 10
16] [1s] [1a] [13] [12] [11] [i0] [9
Vpp MR CPy CPy 0.7 O, 07 nec. Fig. 1 Functional diagram.
) HEF40228 HEF4022BP(N): 16-lead DIL; plastic
(SOT38-1)
B; O U3 O O M6 DOy Vg HEF4022BD(F): 16-lead DIL; ceramic (cerdip)
1 12] [3] [&] Is] |sl |7] |8 (SOT74)
Fig. 2 Pinning diagram. i HEF4022BT(D): 16_'&681—?89;_%‘65“(:
(): Package Designator North America
PINNING
CPg clock input (LOW to HIGH; edge-triggered)
C—P1 clock input (HIGH to LOW; edge-triggered)
MR master reset input

Og to O7  decoded outputs
04.7 carry output (active LOW)

FAMILY DATA
see Family Specifications
Ipp LIMITS category MSI
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4-stage divide-by-8 Johnson counter

HEF4022B

MSI

FUNCTION TABLE

MR | CPg | CPq operation

H X X 00=04.7=H;01t007=1L
L H N Counter advances

L J L Counter advances

L L X No change

ks X H No change

L H J No change

L X L No change

A.C. CHARACTERISTICS

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

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

X = state is immaterial
/= positive-going transition
\L = negative-going transition

Vbp : typical extrapolation
Vv symbol | min. typ. max. s
Propagation delays
CPg, CP1 — Oy 5 195 390 ns 168 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 75 145 ns 64 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C_
5 245 485 ns 218 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 95 195 ns 84 ns + (0,23 ns/pF) C_
15 60 125 ns 52 ns + (0,16 ns/pF) C_
CPg,CP1—> 047 | 5 245 485 ns | 218ns+ (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 90 185 ns 79 ns + (0,23 ns/pF) C|_
15 60 120 ns 52 ns + (0,16 ns/pF) C_
5 190 380 ns 163 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 75 145 ns 64 ns + (0,23 ns/pF) C_
15 50 105 ns 42 ns + (0,16 ns/pF) C_
MR —= 01 to 07 5 130 260 ns 103 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 55 105 ns 44 ns + (0,23 ns/pF) C_
15 40 75 ns 32 ns + (0,16 ns/pF) C_
MR —= Og 5 130 260 ns 103 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 55 105 ns 44 ns + (0,23 ns/pF) C_
15 40 75 ns 32 ns + (0,16 ns/pF) C_
MR —» 04.7 5 110 220 ns 83 ns + (0,55 ns/pF) C|_
LOW to HIGH 10 | tpLH 45 90 ns 34 ns + (0,23 ns/pF) C_
15 35 70 ns 27 ns + (0,16 ns/pF) C_
Output transition

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

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

\ ( Januarv 1995



HEF4022B

MSI

A.C. CHARACTERISTICS

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

VE)/D symbol | min. typ. max.
Hold times 5 140 70 ns
CPg — CPq 10 | thold 50 25 ns
15 30 15 ns
5 170 85 ns
CPq1 —= CPg 10 | thold 60 30 ns
15 40 20 ns
Minimum clock 5 75 35 ns
pulse width 10 | twep 30 15 ns
15 20 10 ns see also waveforms
Minimum MR 5 70 35 ns Figs 4 and 5
pulse width; HIGH 10 |twmgH | 30 15 ns
15 20 10 ns
Recovery time 5 30 10 ns
for MR 10 | tRMR 15 5 ns
15 10 b ns
Maximum clock 5 3 6 MHz
pulse frequency 10 | fmax 8 16 MHz
15 12 24 MHz
VbD y where
v_ | typical formula for P (uW) f: = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 475 fj + Z(foCL) x Vpp? C| = load capacitance (pF)
dissipation per 10 | 2400 f; + Z(f,C) x Vpp? Z(foCr) = sum of outputs
package (P) 15 | 6700 f; + Z(f,C) x Vpp? Vpp = supply voltage (V)
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4-stage divide-by-8 Johnson counter J HEF4022B

MSI
CPy INPUT —To/(j
| thold [«

CPy INPUT 50%

7269578.1

l-— tween >

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

CPy INPUT 50%

trMr |e—

-
MR INPUT —/(50%_\\50%
<— tywMmrH—>

0, OUTPUT N

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

Conditions: CPq = LOW while CPq is triggered on a LOW to HIGH transition.
twep and tRMR also apply when CPg = HIGH and CP1 is triggered on
a HIGH to LOW transition.

7269574.2

\ ' January 1995
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HEF4022B
MSI

ATV AVAVAVAVaY
CPy INPUT L_

0g OUTPUT \

04 OUTPUT _J! !\

-l

05 OUTPUT f !L ﬂ{_
03 OUTPUT }Z \

04 OUTPUT / \

/ \
05 OUTPUT ¥
I —
0, QUTPUT }(—_\
B4y OUTPUT W& f o

Fig. 6 Timing diagram.
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4-stage divide-by-8 Johnson counter

HEF4022B

MSI

APPLICATION INFORMATION

Some of the features of the HEF4022B are:

® High speed

e 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).

MR
CPg
2] HEF4022B

Op 0y----0g 07

|

MR

CP

—
7 decoded
outputs

0
Cp, HEF4022B
0 01----0g Oy

|

—
6 decoded
outputs

clock

T

MR

———-CPg

6 decoded
outputs

=S

7285101

first stage

intermediate stages

Fig. 7 Counter expansion.

last stage
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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.

Iy
Izl—

046

[
-

|CDN—~IU'|Pw
5
w

-
=7
—

~

03|10

_A
wIiN
:

E

7269566

Fig. 1 Functional diagram.

U
e o oo
"

72745071

Fig. 3 Logic diagram (one gate).

FAMILY DATA

141 13 12 1 10 9 8
VDD lg Ig I7 03 02 Ig

) HEF4023B

I, Is 14 I I3 O Vs
1T 12] 131 1&] 1] 18] 17
7269491

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)

(): Package Designator North America

see Family Specifications

Ipp LIMITS category GATES

I ‘ January 1995
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HEF4023B

gates

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

VbD typical extrapolation
v symbol typ. max. formula
Propagation delays
In — Op 5 65 135 ns | 38ns+ (0,55 ns/pF) C_
HIGH to LOW | 10 tPHL 25 50 ns | 14 ns+ (0,23 ns/pF) C_
15 15 30 ns | 7ns+(0,16 ns/pF) C_
5 65 130 ns | 38 ns+ (0,55 ns/pF) C_
LOW to HIGH 10 tpLH 30 60 ns | 19ns+ (0,23 ns/pF) C_
15 25 45 ns | 17 ns+ (0,16 ns/pF) C_
Output transition
times 5 60 120 ns [ 10ns+1,0ns/pF) C_
HIGH to LOW | 10 tTHL 30 60 ns | 9ns+(0,42ns/pF) C
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns | 10 ns+ (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns | 9ns+ (0,42 ns/pF) C
15 20 40 ns | 6ns+(0,28 ns/pF) C
VbD : where
Vv typical formula for P (uW) f, = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1200 f; + Z(f4CL) x Vpp? C|_ = load capacitance (pF)
dissipation per 10 5500 f; + Z(f,CL) x Vpp? Z(foCL) = sum of outputs
package (P) 15 16400 f; + 2(f,CL) x Vpp® Vpp = supply voltage (V)
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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 (Og to Og). The counter advances on
the HIGH to LOW transition of CP. A HIGH on MR clears all counter stages and forces all outputs

LOW, independent of CP. Each counter stage is a static toggle fiip-flop.

7-STAGE COUNTER

04

0, |03 |04 |05 |Og

R[S

2| MR §
Op
12

7269531.4

1] [13] [12] [11] [10] 9] [8
Vop nc. Og Oy nc. O nc

. HEF4024B

1

9 6 5 4 3

Fig. 1 Functional diagram.

HEF4024BP(N): 14-lead DIL; plastic

CP MR 0g Og O, O3 Vss (SOT27-1)
1 L2t (8] el 15T 18] |7 HEF4024BD(F): 14-lead DIL; ceramic (cerdip)
7269492 (SOT73)
Fig. 2 Pinning diagram. HEF4024BT(D): 14-lead SO; plastic
(SOT108-1)
PINNING (): Package Designator North America
cP clock input (HIGH to LOW triggered)
MR master reset input

Ogto Og buffered parallel outputs

APPLICATION INFORMATION

Some examples of applications for the HEF4024B are:

® Frequency dividers
® Time delay circuits

FAMILY DATA l

Ipp LIMITS category MSI J

see Family Specifications
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7-stage binary counter

HEF4024B

MSI

A.C. CHARACTERISTICS

Vss =0 V; Tamb = 25 ©C; C_ = 50 pF; input transition times < 20 ns; see also waveforms Fig. 4

Vv ) ; "
SD symbol | min. typ. max. typ|ca|fs:r<rtnrjlr;olat|on
Propagation delays
CP — Og 5 100 200 ns 73 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 40 75 ns 29 ns + (0,23 ns/pF) C_
15 25 50 ns 17 ns + (0,16 ns/pF).C_
5 105 210 ns 78 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 45 85 ns 34 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C_
Onh — O +1 5 60 120 ns 33 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 25 50 ns 14 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
5 50 100 ns 23 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 20 40 ns 9 ns + (0,23 ns/pF) C|_
15 15 30 ns 7 ns + (0,16 ns/pF) C_
MR —= O 5 120 240 ns 93 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 45 90 ns 34 ns + (0,28 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Minimum clock 5 60 30 ns
pulse width; HIGH 10 | twepH | 30 15 ns
15 20 10 ns
Minimum MR 5 80 40 ns
pulse width; HIGH 10 | twmRH | 35 20 ns
15 25 15 ns
Recovery time 5 20 10 ns
for MR 10 | tRMR 15 5 ns
15 15 5 ns
Maximum clock 5 5 10 MHz
pulse frequency 10 | fmax 13 25 MHz
15 18 35 MHz
VbD : where
Vv typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 500 fj + Z(foCL) x Vpp? C| = load cap. (pF)
dissipation per 10 | 2100 f; + Z(foCL) x Vpp? 2(foCr) =sum of outputs
package (P) 15 | 5200 f; + Z(f,CL) x Vpp? Vpp = supply voltage (V)
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HEF4024B
MSI

MR INPUT i 50%

< TWMRH —

CP INPUT

Og or O,
OUTPUT

7269741.2

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

gates

TRIPLE 3-INPUT NOR GATE

The HEF4025B provides the positive triple 3-input NOR function. The outputs are fully buffered for

highest noise immunity and pattern insensitivity of output impedance.

0,

02

B|z]o|n| |0 e |w

03

—_
w

7269548

Fig. 1 Functional diagram.

I
12
I3

] Do

7274506.1

Fig. 3 Logic diagram (one gate).

FAMILY DATA

14 12 1 10 9 8
VDD Ig 18 X7 03 02 IG
D) HEF40258

1 3 4 5 6 7

7269493

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

see Family Specifications

Ipp LIMITS category GATES

\ ' January 1995
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HEF4025B

gates

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

s

VbD typical extrapolation
Vv symbol typ.  max. fepprnla
Propagation delays
In— 0 5 70 135 ns | 43 ns+ (0,55 ns/pF) C|_
HIGH to LOW 10 tPHL 25 55 ns | 14 ns+ (0,23 ns/pF) C_
15 20 40 ns | 12ns+ (0,16 ns/pF) C|_
5 60 120 ns | 33ns+ (0,55 ns/pF) C_
LOW to HIGH 10 tpLH 25 50 ns | 14ns+ (0,23 ns/pF) C_
15 15 35 ns| 7ns+(0,16 ns/pF) C|
Qutput transition
times 5 60 120 ns | 10ns+ (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns | 9ns+(0,42ns/pF) C|
15 20 40 ns | 6ns+(0,28ns/pF) C
5 60 120 ns | 10ns+ (1,0ns/pF) C
LOW to HIGH 10 tTLH 30 60 ns | 9ns+(0,42ns/pF) Cp
15 20 40 ns 6 ns + (0,28 ns/pF) C|_
VDD | typical formula for P (uW) where
\% f; = input freq. (MHz)
‘ fo = output freq. (MHz)
Dyn.arr-nc power 5 900 fj + 2(f,CL) x Vpp 2 C| = load capacitance (pF)
dissipation per 10 4000 f; + Z(f,C) x Vpp 2 Z(foCy) = sum of outputs
package (P) 15 10900 f; + Z(f,C) x Vpp 2

l

VpD = supply voltage (V)
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HEF4027B
flip-flops
DUAL JK FLIP-FLOP
The HEF40278B is a dual JK flip-flop which is edge-triggered and features indepedent set direct (Sp),
clear direct (Cp), clock (CP) inputs and outputs (O,0). Data is accepted when CP is LOW, and transferred
to the output on the positive-going edge of the clock. The active HIGH asynchronous clear-direct (Cp)
and set-direct (Sp) are independent and override the J, K, and CP inputs. The outputs are buffered for
best system performance. Schmitt-trigger action in the clock input makes the circuit highly tolerant to
slower clock rise and fall times.
i——l FUNCTION TABLES
Sp1 inputs outputs
10 I 0 15 s cimn
1 L Sp|CplcP|J |K|O|D
13
CPq FF H|L [X|[X|X]|HI|L
1 = 14 LiH |[X [X]|X]|L H
K1 04 HIH[X|X|X|H]|H
Cp1
12] I inputs outputs
7] Sp|{Cp|CP|J K [On+1 | On+1
I L|L |/ |L|L no change
" Sp2 ' LiL |/ |H]|L H L
Jo 02 LL|S |L|H L H
3 L|{L|/S |HI|H Onp Op
CP2 FF
5 _ 2 H = HIGH state (the more positive voltage)
K2 02 L = LOW state (the less positive voltage)
Cp2 X = state is immaterial
/ = positive-going transition
LQ Op, + 1 = state after clock positive transition
7269532.1
Fig. 1 Functional diagram. PINNING
J,K synchronous inputs
CP clock input (L to H edge-triggered)
10
\;6 (;5 g‘ C1F3’ C12 :(1 ] 2 Sp asynchronous set-direct input (active HIGH)
bp Oy Oy CF Cpy Ky & Sm Cp asynchronous clear-direct input (active HIGH)
) HEF40278B O true output
6y By By oy Wy d5 S Ves O complement output
11 2] (3] Le] 5] (e] [7] (8 HEF4027BP(N): 16-lead DIL; plastic (SOT38-1)
7269494 HEF4027BD(F): 16-lead DIL; ceramic (cerdip) (SOT74)
(): Package Designator North America
FAMILY DATA l
see Family Specifications
Ipp LIMITS category FLIP-FLOPS J
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HEF4027B
flip-flops

oo

g [T
g N

7275370.2

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

HEF4027B
flip-flops

A.C.CHARACTERISTICS

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

VpD ' typical extrapolation
Y symbol | min. typ. max. P
Propagation delays
cP—= 0,0 5 105 210 ns 78 ns + (0,55 ns/pF) C_
HIGH to LOW | 10 tPHL 40 80 ns 29 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C_
5 86 170 ns 58 ns + (0,55 ns/pF) C|
LOW to HIGH | 10 tPLH 35 70 ns 27 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C_
Sp —= O 5 70 140 ns 43 ns + (0,55 ns/pF) C
LOW to HIGH | 10 tPLH 30 60 ns 19 ns + (0,23 ns/pF) C_
15 25 50 ns 17 ns + (0,16 ns/pF) C_
Cp —= O 5 120 240 ns 93 ns + (0,55 ns/pF) C_
HIGH to LOW | 10 tPHL 45 90 ns 33 ns + (0,23 ns/pF) C_
B 15 35 70 ns 27 ns + (0,16 ns/pF) C_
Sp—=0 5 140 280 ns 113 ns + (0,55 ns/pF) C_
HIGH to LOW | 10 tPHL 55 110 ns 44 ns + (0,23 ns/pF) C_
15 40 80 ns 32ns+ (0,16 ns/pF) C_
Cp—0 5 75 150 ns 48 ns + (0,55 ns/pF) C_
LOW to HIGH | 10 tPLH 35 70 ns 24 ns + (0,23 ns/pF) C_
15 25 50 ns 17 ns + (0,16 ns/pF) C_
QOutput transition
times 5 60 120 ns 10ns+ (1,0 ns/pF) C_
HIGH to LOW | 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10ns+ (1,0 ns/pF) C_
LOW to HIGH | 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Set-up time 5 50 25 ns
J,K — CP 10 tsy 30 10 ns
15 20 5 ns
Hold time 5 25 0 ns
J, K — CP 10 thold 20 0 ns
15 15 5 ns
Minimum clock 5 80 40 ns
see also waveforms
pulse width; LOW | 10 twepL | 30 15 ns o
16 24 12 ik Figs 4 and 5
Minimum Sp, Cp 5 " 90 45 ns
pulse width; HIGH| 10 | WSDH| 40 20 ns
15 | WCDH| 30 15 ns
Recovery time 5 t 20 -15 ns
for Sp, Cp 9 | S5 95 0 ns
15 RCD | 10 -5 ns

\ ( January 1995
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HEF4027B

flip-flops

A.C. CHARACTERISTICS

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

V\?D symbol min  typ max
Maximum clock 5 4 8 MHz I T —
pulse frequency 10 | fmax 12 25 MHz Fia. 4
J=K=HIGH 15 15 30 MHz J g
VbD ; where
v typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 900 fj + Z(foC) x Vpp? CL = load capacitance (pF)
dissipation per 10 4500 fj + Z(f,CL) x Vpp? Z(foCL) =sum of outputs
package (P) 15 | 13200 fj + =(f,CL) x Vpp? Vpp = supply voltage (V)

CP INPUT z

—

thold [=*—

J,K INPUT 50%

=% L5

7269823.2

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

flip-flops

Sp INPUT 50% \

< twsDH >

Cp INPUT 50%

(

CP INPUT

— <—IRCD

O OUTPUT

7269577.2

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

APPLICATION INFORMATION

Some examples of applications for the HEF40278B are:
® Registers

® Counters

® Control circuits
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HEF4028B

Mmsi

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
AO to Az causes the selected output to be HIGH, the other nine will be LOW. If desired, the device
may be used as a 1-0f-8 decoder with enable; 3-bit octal inputs are applied to inputs Ag, Aq and A,
selecting an output Og to O5. Input A3 then becomes an active LOW enable, forcing the selected out-
put LOW when Az is HIGH. The HEF4028B may also be used as an 8-output (O to 0O7) demulti-
plexer with Ag to A, as address inputs and Ag as an active LOW data input. The outputs are fully
buffered for best performance.

10 [13 |12 |11

Ao [Aq [Ag |Ag

DECODER

Og |04 |05 |03 |04 |05 |0g |05 |Og |Og
3 14 ]2 |16 |1 |6 |7 |4 |9 |5
7273681.1

Fig.1 Functional diagram.

18] [15]_[1] [13] [12] [11] [io] [s
Vop O3 Oy Ay Az A3z Ap Og
B HEF4028B

O, 0; Op 07 Og O Og Vss

1 2 3 4] |5 6 7 8
7269495

Fig.2 Pinning diagram

HEF4028BP(N). 16-lead DIL; plastic
(SOT38-1)

HEF4028BD(F): 16-lead DIL; ceramic (cerdip)
(SOT74)

HEF4028BT(D): 16-lead SO; plastic
(SOT108-1)

(): Package Designator North America

PINNING

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

FAMILY DATA |
»see Family Specifications
Ibp LIMITS category MSI ]

\ ﬁ\nuary 1995

263



HEF4028B
MsI

ool o

8
e
7269960.2

ary 19951 (




HEF4028B
mSsI

X

1-0f-10 decoder

TRUTH TABLE

outputs
04 Op

07 Og Og

Os

03

02

Op O1

inputs

A2 A1 Ag

A3

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

H
L

* Extraordinary states.

265
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HEF4028B

MSI

A.C. CHARACTERISTICS

Vgg=0V; Tymp =25 oc; C_ =50 pF; input transition times < 20 ns

\% typical extrapolation
I\D/D symbol typ.  max. tarmiala
Propagation delays
A, — 0, 5 100 200 ns 73 ns + (0,65 ns/pF) C|_
HIGH to LOW 10 tPHL 40 80 ns 29 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C|_
5 90 180 ns 63 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tpLH 40 80 ns 29 ns + (0,23 ns/pF) C
15 30 60 ns 22 ns + (0,16 ns/pF) C|_
Output transition
times 5 60 120 ns 10ns+ (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10ns+ (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
\% where
I\)/D typical formula for P (uW) f, = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 350 fi + E(foCL) X VDD2 CL = |oad capacitance (pF)
dissipation per 10 2200 f; + Z(f,Cp) x VDD2 Z(f,Cy) = sum of outputs
package (P) 15 7350 f; + Z(f,C ) x VDDZ Vpp = supply voltage (V)
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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 (Pq to P3), four parallel buffered outputs (Og to O3) and an active LOW

terminal count output (TC).

Information on P( 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 transitian of CP when CE and PL are LOW.
The TC signal is normally HIGH and goes LOW when the counter reaches its maximum count in the
UP mode, or the minimum count in the DOWN mode provided CE is LOW.

4

12

13

3

BN 76| i8] [ [} 2] 7] [o] 5]
1—L——{zmm_usl_ LOAD CIRCUITRYI Yo OF Oy g By G g—;/ g'TNc/
il el l l I [ D) HEF40298B
5 |ce /5y PL O3 P3 Py CE Oy TC Vgg
9 |BIN/DEC ST TC). 7 m lil [i] [il Ii[ li] m 8
10| UP/DN 7273682.1

% 107 ]9, o Fig. 2 Pinning diagram.
7273683.3 6 1 14 2
F|g 1 Functional diagram_ HEF40298P(N) 16-lead DIL, plastic
(SOT38-1)
HEF4029BD(F): 16-lead DIL; ceramic (cerdip)

PINNING (SOT74) '

HEF4029BT(D): 16-lead SO; plastic

PL parallel load input (SOT109-1)

Ppg to P3  parallel data inputs
BIN/DEC binary/decade control input
UP/DT\i up/down control input

(): Package Designator North America

CE count enable input (active LOW)

CP clock input (LOW to HIGH, edge triggered)
Ogto O3  buffered parallel outputs

TC terminal count output (active LOW)
FAMILY DATA

Ipp LIMITS category MSI

see Family Specifications

w ( January 1995
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HEF4029B
MSI

>0 &

>0

D)oo :
5/ Dot oo —T o g0
- fpofoel Lo |
ST
=
— 0
gjiDF

7777777

Fig. 3a Logic diagram (continued in Fig. 3b).
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Synchronous up/down counter, binary/decade counter

HEF4029B

MSI
. Po P1 P2 P3
——
b—ﬁ
o Q o

i 7

Sp |

0| O —O) —C —o
FF FF FF FF
cp o u -0 ',
Lok © —O — —

Cp T '_‘
f;
e
h —
Kk —
[
m
n
-

Y
Y

Oo

S V \V4
SR

Fig. 3b Logic diagram (continued from Fig. 3a).
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HEF4029B

MSI

FUNCTION TABLE

PL BIN/DEC UP/DN CE CP mode

H X X X X parallel load (P, —* Op)
1L X X H X no change

L L L L I count-down, decade

L L H L VA count-up, decade

L H L L Vi count-down, binary

L H H L a count-up, binary

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

X = state is immaterial

I = positive-going clcck pulse edge

270
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Synchronous up/down counter, binary/decade counter

HEF4029B
Sl

> > > —> L
0 <+— ! <+ — 2 <+ - <+ —
\ 1
\\ by
\\
15 5 5
T \
TR r
+ \\ 1N
\
% ; 6
\
1 \ *
l AN L
\\ .
13 < 7
! \
'S < T
+ '} [ 4
- — > - — | - —— e
12 1" 1. 10 4 8
count up ———— count down 7269575
Fig. 4 State diagram; BIN/DEC = LOW.
0 1 1 2 " i A
<+ — <+ —- <+ — <+ —
Iy : T
* | 1L
15 5
A : ?
v L v
14 6
I
A i T
+ [ 4
13 7
4 4
: I
+ )W
- — > — - - — > - — >
120 1, LA 10 |, N 8
count up  —---count down 7269576

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

Logic equation for terminal count:

TC = CE (BIN/DEC+UP/DN+0q*01-02-03 + BIN/DEC-UP/DN+0(*01+02-03 +
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HEF4029B
msI

A.C. CHARACTERISTICS

Vss =0V; Tamp = 25 ©C; input transition times < 20 ns

typical formula for P (uW)

where
f; = input freq. (MHz)

VbD
Vv
Dynamic power 5
dissipation per 10
package (P) 15

1000 f; + =(fo,C) x Vpp?
4500 fj + Z(foCL) x Vpp?
11500 fj + (f,CL) x Vpp?

fo = output freq. (MHz)
C| = load capacitance (pF)
Z(foCL) = sum of outputs
Vpp = supply voltage (V)

A.C. CHARACTERISTICS

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

V?/D symbol | min. typ. max. typlc?:)renﬁturlaapolatlon
Propagation delays
CP —= Op 5 145 290 ns | 118ns+ (0,55 ns/pF) C
HIGH to LOW 10 | tpHL 55 110 ns | 44ns+ (0,23 ns/pF) C|
15 40 75 ns | 32ns+(0,16 ns/pF) C_
5 160 315 ns | 133 ns+ (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 60 120 ns | 49ns+ (0,23 ns/pF) C_
15 40 80 ns | 32ns+(0,16 ns/pF) C|_
cCP — TC 5 280 560 ns | 253 ns+ (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 105 205 ns 94 ns + (0,23 ns/pF) C_
15 70 140 ns | 62ns+ (0,16 ns/pF) C
5 195 385 ns | 168 ns+ (0,55 ns/pF) C|
LOW to HIGH 10 | tpLH 75 150 ns | 64ns+ (0,23 ns/pF) C|_
15 55 105 ns | 47 ns + (0,16 ns/pF) C_
PL — Op 5 120 240 ns . 93ns+ (0,55 ns/pF) C|
HIGH to LOW 10 | tpHL 50 100 ns | 39ns+ (0,23 ns/pF) C
15 | 35 70 ns | 27 ns+ (0,16 ns/pF) C|_
5 170 335 ns | 143 ns+ (0,55 ns/pF) C|_
LOW to HIGH 10 | tpLH 65 130 ns | b4ns+ (0,23 ns/pF) C
15 45 90 ns ! 37ns+(0,16 ns/pF) C_
CE — TC 5 180 360 ns | 153 ns+ (0,55 ns/pF) C|_
HIGH to LOW 10 | tpHL 70 140 ns | 59ns+ (0,23 ns/pF) C
15 50 100 ns | 42ns+ (0,16 ns/pF) C|_
5 170 335 ns | 143 ns+ (0,55 ns/pF) C|
LOW to HIGH 10 | tpLH 65 135 ns | 54ns+ (0,23 ns/pF) C|
15 50 100 ns | 42ns+ (0,16 ns/pF) C|_
Output transition

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

5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
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Synchronous up/down counter, binary/decade counter

HEF4029B

MSI
A.C. CHARACTERISTICS
Vgg =0V; Tamb =25 °C; C|_= 50 pF; input transition times < 20 ns
V\D/D symbol | min  typ  max
Minimum clock 5 110 55 ns
pulse width; LOW 10 | twepL | 35 20 ns
15 25 15 ns
Minimum PL 5 160 80 ns
pulse width; HIGH 10 | twpLH | 55 25 ns
15 35 15 ns
Recovery time 5 150 75 ns
for PL 10 | tgpL 50 25 ns
15 35 20 ns
Set-up times 5 270 135 ns
BIN/DEC —» CP 10 | tg, 90 45 ns
15 60 30 ns
—— 5 300 150 ns
UP/DN —» CP 10 | tgy 105 55 ns
15 75 35 ns
5 240 120 ns
CE —CP 10 | tgy 90 50 ns
15 70 40 ns see also waveforms
5 70 35 ns Figs 6 and 7
P, — PL 10 | tgy 20 10 ns
15 10 5 ns
Hold times 5 45 -90 ns
BIN/DEC —> CP 10 | thold 15 =30 ns
15 10 =20 ns
5 15 —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
Py -—* 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
sl

CP INPUT 50% 50%
a— tigig —*
CE INPUT 500 50%
BIN/DEC INPUT 500 50°/o 500
- tgy — | thog >l tsy —>|*+—thoa—>
UP/DN INPUT 50% 50°/o 500
-« tgy —>le—thog—>le— tyy —>le—tpq —>! 727!

Fig. 6 Waveforms showing minimum pulse width for CP, set-up and hold times for CE to CP,. E.!IN/DEC
to CP and UP/DN to CP. Set-up and hold times are shown as positive values but may be specified as
negative values.

CP INPUT 50°%0

< typLp—><+—trpL—

PL INPUT 500 \50°/o

-ty —>letpyg>

P, INPUT 50% 50%60

72738171

Fig. 7 Waveforms showing minimum pulse width for PL, recovery time for PL, and set-up and hold
times for P, to PL. Set-up and hold times are shown as positive values but may be specified as
negative values.
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Synchronous up/down, binary/decade counter
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Synchronous up/down counter, binary/decade counter

HEF4029B

APPLICATION INFORMATION
Some examples of applications for the HEF40298B 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.

W (January 1995

277



J

HEF4029B
MSI

‘a1£0v43H se yans a1eb Yy Indul-g e buisn jeubis 320|9 ay1 yiim pareb aq pjnoys m_mcm_mp_.. 8yl ‘s191uno9 o sdojy-dij) se yons

‘sadinap 2160| aAllisuas-abpa Jaylo 1966141 01 pasn ase sjeubis O ay1 }1 Janemoy ‘uonesado g6Z0y43H 419doad 10ay4e 10ou op sayal|b Buiob-aniebau
353y 'sQ| 96204 IH 1uatapyip Jo sAe|ap |elruaiayip wody bunnsal asind Yol |6 6uiob-aninebau e aney Aew 3siiy ayy Ja1e sabeys |je 1e saul 9|

310N
"HOIH @q 1snw abels
Builunod 3s11y ay3 01 Indul 500[9 8yl eyl SI |041U0D umop/dn ay3 Buibueyd uo uolalIsal Ajuo 8y3 ‘IUN0D Aue 1e pabueys
aq ued |043u0d umop/dn ay3 :apow Buixo0|0 ajddiy sy 9620%d43H Buipedsses usym Buixooo ajddu o ajdwexs || *big
0£1682Z¢ apedap
-« /Aseuiq
3202
+ 4 4 4 + 4 4 4 + 4 4
€0 %0 lo % 4o 23a/NIE
+—0 8620v43H 8620¥43H oL 8620v43H 30
€4 ¢4 Y4 04 14 N@/dn
+ + + + + + + + a|qeua
ad 1es0.1d
<+ umop/dn
'sQ| 9620174 3H buipeoseo uaym buixo0|o |ajjeled o ajdwex3 | ‘bi4
LE168ZL apessp
< /Ateuiq
< 3902
£ 443 44 i &34
€0 %0 lo 0p 4o D3a/NIg|
+—O 8620v43H 0—O 89620¥43H oL g9620v43H El) Ulw_m
€4 % 4 04 74 Na@/dn
+ + ajqeua
- jesaud
e umop/dn

(Panuiu0d) NOILVYIWHOLNI NOILVII1ddV

January 1995\

278




HEF4030B

gates

QUADRUPLE EXCLUSIVE-OR GATE

The HEF4030B provides the positive quadruple exclusive-OR function. The outputs are fully
buffered for highest noise immunity and pattern insensitivity of output impedance.

1 0 1| |13] [12] [11] Jiof 9| |8
iZ)D_‘i Moz ks & ©s Oz Is
ol D HEF40308
3
?I)D&—‘f— L I, 0y Oz I3 I, Vss
= 1] 12] 18] le] Ls] L8] [7
8 7269496
= 10
Sl [ Fig. 2 Pinning diagram.
il 0, |11 HEF4030BP(N): 14-lead DIL; plastic
13] = (SOT27-1)
HEF4030BD(F): 14-lead DIL; ceramic (cerdip)
(SOT73)
7269549 HEF4030BT(D): 14-lead SO; plastic
(SOT108-1)
Fig. 1 Functional diagram. (): Package Designator North America

O— 04

7274505.1

Fig. 3 Logic diagram (one gate). TRUTH TABLE
I 12 01
L L L
H L H
L. H H
H H 15

H = HIGH state (the more

FAMILY DATA l positive voltage)
see Family Specifications L = LOW state (the less
Ipp LIMITS category GATES J positive voltage)
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HEF4030B

gates

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

VpD typical extrapolation
v symbol typ.  max. F—
Propagation delays
In — Op 5 85 175 ns | 57 ns+ (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 35 75 ns | 24 ns+ (0,23 ns/pF) C_
15 30 55 ns | 22 ns+ (0,16 ns/pF) C_
5 75 150 ns | 47 ns+ (0,55 ns/pF) C_
LOW to HIGH 10 tpLH 30 65 ns | 19 ns+ (0,23 ns/pF) C|_
15 25 50 ns | 17 ns+ (0,16 ns/pF) C|_
QOutput transition
times 5 60 120 ns | 10ns+ (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns | 9ns+ (0,42 ns/pF) C
15 20 40 ns | 6ns+(0,28 ns/pF) C_
5 60 120 ns | 10 ns+ (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns | 9ns+ (0,42 ns/pF) C
15 20 40 ns | 6ns+ (0,28 ns/pF) C
VpD 5 where
v typical formula for P (uW) f: = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1100 fj + Z(foCL) x Vpp°’ CL = load capacitance (pF)
dissipation per 10 4900 fj + Z(foCL) x Vpp? 2(foCL) = sum of outputs
package (P) 15 14400 fj + Z(foCL) x Vpp? Vpp = supply voltage (V)
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HEF4031B
Msi

64-STAGE STATIC SHIFT REGISTER

The HEF4031B is an edge-triggered 64-stage static shift register with two serial data inputs (Da, Dg), a
data select input A/B, a glock input (CP), a buffered clock output (CO), and buffered outputs from the
64th bit position (Og3, Og3). The output Og3 is capable of driving one TTL load.

Data from D p or D, as determined by the state of A/B, is shifted into the first shift register position
and all the data in the register is shifted one position to the right on the LOW to HIGH transition of
CP. D is selected by a LOW, and Dgby a 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 Og3 of the most right-hand register until the most left-hand
register is clocked.

10
A/B
+—O|
15|PA
O63|6
64 - STAGE
1]°8 STATIC SHIFT | _
2|cp REGISTER Og3| 7
M col9
/
7269534.2
Fig. 1 Functional diagram.
16 |15 [14] J13] [12{ 11| J10] |9 PINNING
Vop Da nc. nc. nc nc A/B CO Dp, Dg datainputs
B HEFL031B A/B data select input
Dg CP nc. nc. nc Ogs O3 Ves cpP clock input (LOW to HIGH edge-triggered)
T T2 1ol 5T Te 17 18 co buffered clock output
7269497, O3 buffered output from the 64th stage
Fig. 2 Pinning diagram. 063 complementary buffered output from

the 64th stage
HEF4031BP(N): 16-lead DIL; plastic (SOT38-1)
HEF4031BD(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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DA4[>0_|_
A/B —D
Ly

D_D of—----—p o O—DO—%s
FF FF
cp 1 —1CP 64 -
(0]
o8 >o—] o—— %
CP —D 0
O
7269824.1
Fig. 3 Logic diagram.
D.C. CHARACTERISTICS
Vgs=0V;V|=VggorVpp
Tamb (°C)
VQ/D VSH VSL symbol | —40 +25 +85
min. max. min. max. min. max.

QOutput (source) 5 4,6 1,0 0,85 0,65 mA
current 10 9,5 —loH 3,0 25 2.0 mA
HIGH; Og3 15 13,6 10,0 8,5 6,5 mA
HIGH; Og3 5 25 —loH 3,0 2,5 2,0 mA

Output (sink) 4,75 0,4 2,7 2,3 18 mA
current 10 05 |loL 9,5 8,0 6,3 mA
LOW; Og3 15 1,5 24,0 20,0 16,0 mA

282
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64 stage static shift register HEF4031B
MSI

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

V\?D symbol | min. typ. max. typical ﬁ;‘:;aj:latlon

Propagation delays
CP —= O3 5 180 360 ns 167 ns + (0,26 ns/pF) C_
HIGH to LOW 10 tPHL 65 130 ns 57 ns + (0,16 ns/pF) C_
15 45 90 ns 40 ns + (0,11 ns/pF) C_
5 170 340 ns 148 ns + (0,45 ns/pF) C
LOW to HIGH 10 tPLH 65 130 ns 56 ns + (0,19 ns/pF) C_
15 45 90 ns 39 ns + (0,13 ns/pF) C_
cP —» Og3 5 190 380 ns 163 ns + (0,55 ns/pF) C|_
HIGH to LOW 10 tPHL 75 150 ns 64 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C_
5 190 380 ns 163 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 75 150 ns 64 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C_
CP —= CO 5 70 140 ns 43 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 35 70 ns 24 ns + (0,23 ns/pF) C_
15 25 50 ns 17 ns + (0,16 ns/pF) C_
5 55 110 ns 28 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tpLH 30 60 ns 19 ns + (0,23 ns/pF) C_
15 25 50 ns 17 ns + (0,16 ns/pF) C_
Output transition 5 25 50 ns 5ns + (0,40 ns/pF) C_
times; Og3 10 tTHL 12 24 ns 3 ns+ (0,18 ns/pF) C_
HIGH to LOW 15 8 16 ns 2ns+ (0,13 ns/pF) C_
5 40 80 ns 8 ns + (0,65 ns/pF) C_
LOW to HIGH 10 tTLH 20 40 ns 5 ns + (0,30 ns/pF) C_
15 13 26 ns 3 ns + (0,20 ns/pF) C

Qutput transition

times; Og3, CO 5 60 120 ns 10ns+ (1,0 ns/pF) C
HIGHto LOW | 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10ns + (1,0 ns/pF) Ci_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
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A.C. CHARACTERISTICS

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

VDD I ; typical extrapolation
Y symbo min. typ. max. e -
Set-up times 5 25 0 ns
Da, Dg — CP 10 tsy 25 —b ns
15 10 -10 ns
_ 5 30 10 ns
A/B —= CP 10 tsy 15 0 ns
15 10 -5 ns
Hold times 5 40 10 ns
| f
Dp, Dg —= CP 10 thold 40 10 ns T:eleg a4so wavetorms
15 40 10 ns i
. 5 40 10 ns
A/B —= CP 10 thold 40 10 ns
15 40 10 ns
Minimum clock
pulse width; 5 180 90 ns
LOW 10 twePL 70 35 ns
15 50 25 ns
Maximum clock 5 2,6 5 MHz
pulse frequency 10 frmax 7 14 MHz
15 10 20 MHz
A.C. CHARACTERISTICS
Vgg =0 V; Tamp = 25 OC; input transition times < 20 ns
VbD . where
v typical formula for P (uW) £ = i e (OS]
fo = output freq. (MHz)
Dynamic power 5 4000 f; + Z(f,Cp) x Vpp? C = load capacitance (pF)
dissipation per 10 19000 f; + (f,CL) x Vpp? Z(foCr) = sum of outputs
package (P) 18 54 000 f; + Z(f,C) x Vpp? Vpp = supply voltage (V)
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HEF4031B

64-stage static shift register
Mmsi

CP INPUT

< twepL
<—thold

Z 50%
tou =
—
5

/o
Da,Dg INPUT 0%
<<—tsu—f>
— <— thold
A/B INPUT 50%

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

7274595

APPLICATION INFORMATION
An example of an application for the HEF4031B is:
® Serial shift register.
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HEF4035B
sl

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 (Pq to P3), two synchronous serial data inputs (J, K), a synchronous
parallel enable input (PE), buffered parallel outputs from all 4-bit positions (Og to 03), a true/comp-
lement input (T/C) and an overriding asynchronous master reset input (MR).

Each register is of a D-type master-slave flip-flop.

Operation is synchronous (except for MR) and is edge-triggered on the LOW to HIGH transition of the
CP input. When PE is HIGH, data is loaded into the register from P 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 (Og to O3) are either inverting or non-inverting, depending on T/C state. With T/C HIGH,
Og to O3 are non-inverting (active HIGH) and when T/C is LOW, Oq to O3 are inverting (active LOW).
A HIGH on MR resets all four bit positions (Og to O3 = LOW if T/C = HIGH, Og to 03 = HIGH if
T/C = LOW) independent of all other input conditions.

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

9 10 11 12
Po P ) P3
7| PE
PARALLEL ENABLE CIRCUITRY
_4lJ
6lcp CPDO D, D, Dg
5 |mMR SHIFT REGISTER 4-BITS
Cp
2]T/C TRUE / COMPLEMENT CIRCUITRY
Op 04 07 O3
7269535.3 1 15 14 13
Fig. 1 Functional diagram.
FAMILY DATA

‘ see Family Specifications
Ipp LIMITS category MSI

\ ( January 1995

287



‘wesbeip o160 gz b4

2 L6ESLZL “

8

HEF4035B
sl

January 1995\ (

288




4-bit universal shift register

HEF4035B
MSI

PINNING

PE

Pg to P3

J

K

FUNCTION TABLES

16] 151 |14] 13| [12

110 |10 9

Vop O1 Oz O3 Pj
3 HEF40358

0y /T K J MR CP PE Vs

P2 Py Po

1 2 3 4] |5

Fig. 3 Pinningd

6 7 8
7269498

iagram.

HEF4035BP(N): 16-lead DIL; plastic

(SOT38-1)

HEF4035BD(F): 16-lead DIL; ceramic (cerdip)

(SOT74)

HEF4035BT(D): 16-lead SO; plastic
(SOT109-1)
(): Package Designator North America

parallel enable input Ccp

parallel data inputs
first stage J-input (active HIGH)
first stage K-input (active LOW)

Serial operation first stage

clock input (LOW to HIGH edge-

triggered)
T/C true/complement input
MR master reset input
Ogto O3 buffered parallel outputs

inputs output .
= mode of operation
CPi| J K MR | Og+1
S IH|H]|L H D flip-flop
J|LjLi|L L D flip-flop
S |IH|L|L Op | toggle
J | L|H]|L Og no change
X! X| X |H L reset
Parallel operation
inputs outputs
CP
Po [P1|P2|P3|0g|0O1 |02 |03
LSITH{HIH]JH|IH]H |H|H
/A N TR I IS R N R Sl (LS | LS 18

_[~ = positive-going transition
H = HIGH state (the more positive voltage)
L = LOW state (the less positive voltage)

X = state is immaterial

T/C = HIGH; PE = LOW

T/C = HIGH; PE = HIGH; MR = LOW

\ (January 1995
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HEF4035B
MSi

A.C. CHARACTERISTICS

Vgs=0V; Tamp = 25 9C; C|_= 50 pF; input transition times < 20 ns

VpD : typical extrapolation
v symbol | min. typ. max. A
Propagation delays
CP — O 5 170 340 ns 143 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 70 140 ns 59 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C_
5 150 300 ns 123 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 65 130 ns 54 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C_
MR —= O, 5 115 230 ns 88 ns + (0,55 ns/pF) C|_
HIGH to LOW 10 | tpHL 50 100 ns 39 ns + (0,23 ns/pF) C_
15 40 80 ns 32ns + (0,16 ns/pF) C_
5 115 230 ns 88 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 50 100 ns 39 ns + (0,23 ns/pF) C
15 40 80 ns 32ns + (0,16 ns/pF) C_
T/C — Op 5 105 210 ns 78 ns + (0,55 ns/pF) C
HIGH to LOW 10 tPHL 50 100 ns 39 ns + (0,23 ns/pF) C_
15 35 70 ns 27 ns + (0,16 ns/pF) C_
5 85 170 ns 58 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 45 90 ns 34 ns + (0,23 ns/pF) C|_
15 35 70 ns 27 ns + (0,16 ns/pF) C_
Output transition

times 5 60 120 ns 10ns+ (1,0ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns 9ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10ns+ (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
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4-bit universal shift register HEF40358

MSI
A.C. CHARACTERISTICS
Vgg =0V; Tamp = 26 9C; C_ = 50 pF; input transition times < 20 ns
V\?D 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
pulse width; HIGH 10 | twmgH | 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 b 40 5 ns
Pqn — CP 10 | tgy 25 0 ns
15 15 0 ns
5 50 25 ns
PE —» CP 10 | 1y 35 15 ns see also waveforms
15 30 10 ns Flgs4and 5
_ 5 55 40 ns
J, K — CP 10 | tg, 356 15 ns
15 25 10 ns
Hold times 5 25 10 ns
Pnh —» CP 10 | thold 20 10 ns
15 20 10 ns
5 15 -5 ns
PE —= CP 10 | thold 10 -5 ns
15 5 -5 ns
N 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
16 15 30 MHz
VbD . where
v~ | typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1000 fj + Z(foC) x Vpp? CL = load cap. (pF)
dissipation per 10 6000 fj + Z(foC) x Vpp? 2(foCL) =sum of outputs
package (P) 15 | 20000 fj + Z(foCL) x Vpp? Vpp = supply voltage (V)
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4-bit universal shift register HEF4035B
mSI

CP INPUT 50%

MR INPUT

72896331

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.

0n leftshift
0 serial output

left shift
serial input

Vbp

03 right shift
serial output

Vpp 01 O3 O3 P3 P Py Pg

HEF40358B

Og T/C K J MR CP PE Vgg

— »

right shift
serial input

reset

clock

left/right
shift select 7284281

Fig. 6 Shift-left/shift-right register.
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HEF4040B

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 (Og to O11). The counter advances on the
HIGH to LOW transition of CP. A HIGH on MR clears all counter stages and forces all outputs LOW,
independent of CP. Each counter stage is a static toggle flip-flop. Schmitt-trigger action in the clock
input makes the circuit highly tolerant to slower clock rise and fall times.

.,
191CPol
12-STAGE COUNTER

11|MR

Cp

Op |07 |02 |03 |04 |05 |0 |07 |Og [Og [01q [O11

9 |7 6 |5 |3 |2 12 |13 [z |14 |15 11
7269536.3

161 151 [14] J13] J12{ J11] [10

Fig. 1 Functional diagram.

9

VDD 010 Og 07 Og MR C—P OD

HEF4040BP(N): 16-lead DIL; plastic
=3 HEF40408 (N) SOT38A]
Oy Os O, Og O3 O, Oy Vsg HEF4040BD(F): 16-lead DIL; ceramic (cerdip)
1 12] (3] |el s 1] (7] |s (SOT74) y
Tl HEF4040BT(D): 16-lead SO; plastic
(SOT109-1)
Fig. 2 Pinning diagram. (): Package Designator North America
PINNING
CP clock input (HIGH to LOW edge-triggered)
MR master reset input (active HIGH)

Ogto O11 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

Ipp LIMITS category MSI
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sl

FF
12

A.C. CHARACTERISTICS

Op

04

Fig. 3 Logic diagram.

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

7269839.4

011

VpDp . typical extrapolation
v symbol | min. typ. max. sormula
Propagation delays
CP — Og 5 106 210 ns 78 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 45 90 ns 34 ns + (0,23 ns/pF) C_
15 35 70 ns 27 ns + (0,16 ns/pF) C_
5 86 170 ns 58 ns + (0,55 ns/pF) C
LOW to HIGH 10 |tpLH 40 80 ns 29 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns+ (0,16 ns/pF) C_
On — Op +1 5 35 70 ns note (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 15 30 ns note (0,23 ns/pF) C_
15 10 20 ns note (0,16 ns/pF) C_
5 35 70 ns note (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 15 30 ns note (0,23 ns/pF) C_
15 10 20 ns note (0,16 ns/pF) C_
MR —= Op, 5 90 180 ns 63 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpyL 40 80 ns 29 ns + (0,23 ns/pF) C|_
15 30 60 ns 22 ns + (0,16 ns/pF) C_
Output transition

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

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

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

\Y
eD 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
VbD : where
v typical formula for P (uW) f: = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 | 400 f; + Z(f,C) x Vpp? C| = load cap. (pF)
dissipation per 10 2000 f; + Z(foCL) x Vpp? 2 (foC) =sum of outputs
package (P) 15 5200 fj + =(foC) x Vpp? Vpp = supply voltage (V)

MR INPUT a

CP INPUT

PHL —

Ogor O,
OUTPUT

s\ 50%

7275389

Fig. 4 Waveforms showing propagation delays for MR to O, and CP to Og, minimum MR and cP

pulse widths.
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HEF4041B
buffers

The HEF4041B is a quadruple true/complement buffer which provides both an inverted active LOW

QUADRUPLE TRUE/COMPLEMENT BUFFER

output (O) and a non-inverted active HIGH output (O) for each input (1).

The buffers exhibit high current output capability suitable for driving TTL or high capacitive loads.

Fig. 1 Functional diagram.

APPLICATION INFORMATION

72754221

1af 13| 12| 11| J10 9 8
BA 04 I3 03 04

Voo Ia
5 HEF4041B

0, 0y I 0, 0p Ip Vs
112l 3] &) 151 18] 17
72736841

Fig. 2 Pinning diagram.

HEF4041BP(N): 14-lead DIL; plastic
(SOT27-1)
HEF4041BD(F): 14-lead DIL; ceramic (cerdip)
(SOT73)
HEF4041BT(D): 14-lead SO; plastic
(SOT108-1)
): Package Designator North America

—D o— 01

04
7273685.2

Fig. 3 Logic diagram (one buffer).

Some examples of applications for the HEF4041B are:

® | OCMOS to DTL/TTL converter
® High current sink and source driver

FAMILY DATA

Ipp LIMITS category BUFFERS )

see Family Specifications

\ ﬂanuary 1995
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HEF4041B

buffers

D.C. CHARACTERISTICS
Vgg=0V;V|=VggorVpp

Tamb (°C)
V?/D Vo VQ/'- symbol|  —40 ¥25 +85
min. max. min. typ. min. max.

Output (source) current| 5 46 1,6 1,3 2,6 1,0 mA
HIGH 10 9,5 —loH | 45 3,6 70 27 mA
15 13,5 16,0 140 30,0 10,0 mA
HIGH 5 2,5 —loH | 5.0 40 80 30 mA
Output (sink) current  |4,75 04 2,0 1,7 4,0 1,35 mA
LOW 10 05 |logL | 75 60 120 45 mA
15 1,6 23,0 20,0 350 15,0 mA

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

typical extrapolation
Vl\D/D symbol min. typ. max. yplcafzfn:u:; I
Propagation delays
In — Op 5 30 65 ns | 17 ns+ (0,27 ns/pF) C_
HIGH to LOW 10 tPHL 20 40 ns | 14 ns+ (0,11 ns/pF) C_
15 15 30 ns | 12ns+ (0,08 ns/pF) C_
5 30 55 ns | 17 ns+ (0,27 ns/pF) C_
LOWto HIGH | 10 | tpLH 15 30 ns| 9ns+(0,11ns/pF)C|
15 10 20 ns | 7ns+(0,08ns/pF) CL
Iln, — Op 5 35 75 ns | 22ns+ (0,27 ns/pF) C_
HIGH to LOW | 10 tPHL 20 40 ns | 14ns+ (0,11 ns/pF) C_
15 15 30 ns | 12ns+ (0,08 ns/pF) C
5 35 75 ns | 22 ns+ (0,27 ns/pF) C_
LOW to HIGH | 10 tpLH 20 40 ns | 14ns+ (0,11 ns/pF) C|_
15 15 30 ns | 12ns+ (0,08 ns/pF) CLL
Output transition
times 5 25 50 ns 5 ns + (0,40 ns/pF) C_
O, — Oy, 10 tTHL 12 25 ns | 2ns+ (0,21 ns/pF) C
HIGH to LOW 15 8 20 ns| 1ns+ (0,14 ns/pF) CL
5 25 45 ns 5 ns + (0,40 ns/pF) C
LOW to HIGH | 10 tTLH 12 25 ns| 2ns+ (0,21 ns/pF) C|_
15 8 20 ns 1 ns+ (0,14 ns/pF) C_
\ . h
l\)/D typical formula for P (uW) ‘:i/:ir:put freq. (MHz2)
fo = output freq. (MHz)
Dynamic power 5 3100 f; + Z(f,C) x Vpp? C_ = load capacitance (pF)
dissipation per 10 12700 fj + Z(foC) x Vpp? Z(foCL) = sum of outputs
package (P) 15 33800 fj + =(f,C) x Vpp*? Vpp = supply voltage (V)
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HEF4042B

msi

QUADRUPLE D-LATCH

The HEF4042B is a 4-bit latch with four data inputs (Dg to D3), four buffered latch outputs (Og to

03), four buffered complementary latch outputs (Og to O3) and two common enable inputs (Eg and
E1). Information on D to D3 is transferred to Og to O3 while both Eg and E1 are in the same state,
either HIGH or LOW. Og to O3 follow Dg to D3 as long as both Eg and Eq remain in the same state.
When Eq and E1 are different, Dg to D3 do not affect Og to O3 and the information in the latch is

stored.

Og to O3 are always the complement of Og to 03. The exclusive-OR input structure allows the choice
of either polarity for Eg and E 4. With one enable input HIGH, the other enable input is active HIGH;
with one enable input LOW, the other enable input is active LOW.

D o)
4|Do o ob202
o [
i o] !
0
7|01 0110
FF
e oens
2 ———
O1lg
13|D2 Ozl11
FF
.——
3 pa——
0212
14|03 O34
FF
—s-:)DEO 4 19315
_E; Eq
7269550.3
FAMILY DATA

Ipp LIMITS category MSI

6] [5] [1a] [13] [12] [11] [i0] [
Vop 03 D3 D2 O; O; Oy O
- HEF4042B

O3 Op Op Do Eo Ey Dy Vss

1 2 3 4f |5 6 7 8
7269500

Fig. 2 Pinning diagram.

HEF4042BP(N): 16-lead DIL; plastic

(SOT38-1)

HEF4042BD(F): 16-lead DIL; ceramic (cerdip)

(SOT74)

HEF4042BT(D): 16-lead SO; plastic

(SOT108-1)

(): Package Designator North America

PINNING

Dpto D3 data inputs

Epand E1 enable inputs

Opto O3 parallel latch outputs

OgtoO3 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
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Do _Do_______

D4 —Dc

D2 —Dc

o[>0
) Do

Eo
Eq

1

CP
Iatch__

1

latch

latch

>

latch

7269746.2

Fig. 3 Logic diagram.

cp —

_D

O

ol

0]

7282343

Fig. 4 Logic diagram (one latch).

FUNCTION TABLE

Eo E1q output Op,
L L Dn

I H latched

H L latched

H H Dp

H = HIGH state (the more positive voltage)
L = LOW state (the less positive voltage).
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Quadruple D-latch

HEF4042B
sl

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

VbD . typical extrapolation
Y symbol min.  typ. max. ———
Propagation delays
D—= 0,0 5 95 190 ns 67 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 40 80 ns| 28ns+ (0,23 ns/pF)C
15 30 55 ns| 22ns+ (0,16 ns/pF) C_
5 85 175 ns| 57ns+(0,55ns/pF) CL
LOW to HIGH 10 | tpLH 40 75 ns| 28ns+(0,23 ns/pF) C
15 30 60 ns| 22ns+ (0,16 ns/pF) C
E—> 0,0 5 130 260 ns| 102ns+ (0,55 ns/pF) C
HIGH to LOW 10 | tpHL 50 105 ns| 38ns+ (0,23 ns/pF) C
15 35 75 ns| 27ns+ (0,16 ns/pF) C_
5 120 245 ns| 92ns+ (0,55 ns/pF) C
LOW to HIGH 10 |tpLH 50 105 ns| 38ns+ (0,23 ns/pF) C
15 35 75 ns| 27ns+(0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10ns+ (1,0 ns/pF) Cy.
HIGHto LOW | 10 |tTHL 30 60 ns| 9ns+(0,42ns/pF) CL
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns | 10ns+ (1,0 ns/pF)C
LOW to HIGH 10 |tTLH 30 60 ns 9 ns+ (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Set-up time b 30 10 ns
D—E 10 |ty 20 5 ns
15 20 5 ns
Hold time 5 5 -5 ns see also waveforms
D—E 10 | thold 15 0 NS | ' Figs5and 6
15 15 0 ns
Minimum enable 5 90 45 ns
pulse width 10 |twe 40 20 ns
15 30 15 ns
Vpp : where
v typical formula for P (W) f: = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 3800 fj + Z(foCL) x Vpp? C| = load capacitance (pF)
dissipation per 10 | 15700 fj + Z(foCL) x Vpp® Z(foCL) =sum of outputs
package (P) 15 | 41100 f; + =(f,CL) x Vpp® Vpp = supply voltage (V)

\ ﬂanuary 1995
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MSI
D INPUT \
Eqor Ey INPUT
>l tpy | —l tpy <
OUTPUT 50%o 50%0
72697451
D INPUT {50%: 50%%
= = tey tey > <
OUTPUT 500 500
72697441
Fig. 5 Waveforms showing propagation delays for D to O, with latch enabled.
Note

Either Eg or Eq is held HIGH or LOW while the other enable input is pulsed as the function table shows.
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Quadruple D-latch HEF4042B
MSI

Eq or E; INPUT 50%%

-ty >le— thoqg
D INPUT 50%o 50°/o%%§§

7269743

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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305






HEF4043B
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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 (Sq to S3), an active HIGH reset input (Rg to R3) and

an active HIGH 3-state output (Og to 03).

When EO is HIGH, the state of the latch output (Op) can be determined from the function table below.

When EO is LOW, the latch outputs are in the
of the latch.

high impedance OFF-state. EO does not affect the state

The high impedance off-state feature allows common busing of the outputs.

4|So
| Ool2
3|Ro
6|51
] 019
7|R1
3-STATE
e OUTPUTS
| 02110
11}R2
1453
] O3|1
15(R3
5/EQ |
7Z273687.3
Fig. 1 Functional diagram.
FAMILY DATA s Esrnifly

J Specifications
Ipp LIMITS category MSI

16 [15] |14l 13] J12] (11} [10 9
VDD R3 53 n.c. Sz Rz 02 01

] HEF4043B

03 0y Rg Sp EO S; R; Ves

1 2 3 4j |5 6 7 8
7273686.2

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)

(): Package Designator North America

PINNING

EO common output enable input
Sp tc S3 set inputs (active HIGH)

Rg to R3 reset inputs (active HIGH)
Opto O3 3-state buffered latch outputs

FUNCTION TABLE

inputs output
EO | Sy | Rn On
& 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

\ (January 1995
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MsI
So
S
0 —Do—{>o— % s —[>0— o
latch
; e
R
Rg — R _Do_
7282341
o Fig. 4 Logic diagram (one latch).
S
0 —Do———Do— 04
latch I
2 4
R
Ry
S2
S
0 ——[>o——-Do— 02
latch I
3 [
R
Ra
S3
S
0 —[>c o— O3
latch
: L]
R
R3

& —D 7273759.3

Fig. 3 Logic diagram.
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Quadruple R/S latch with 3-state outputs

HEF4043B
MSI

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

Vbp ; typical extrapolation
v symbol | min. typ. max. Sosermuili
Propagation delays
R, —= Op 5 90 180 ns 63 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 35 70 ns 24 ns + (0,23 ns/pF) C|_
15 25 50 ns 17 ns + (0,16 ns/pF) C_
S, — Op 5 65 135 ns 38 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 25 50 ns 14 ns + (0,23 ns/pF) C_
15 15 35 ns 7 ns + (0,16 ns/pG) C|_
Output transition 5 60 120 ns 10 ns + (1,0 ns /pF) C
times 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
HIGH to LOW 16 20 40 ns 6 ns + (0,28 ns/pF) C|_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
3-state propagation
delays
Qutput disable times
EO — O, 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 —= O 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 Sp, 5 30 15 ns
pulse width; HIGH 10 | twsH 20 10 ns
15 16 8 ns see also waveforms
Minimum Ry, 5 30 156 ns Fig. 5
pulse width; HIGH 10 | twRH 20 10 ns
15 16 8 ns
VpD ; where
v typical formula for P (uW) f = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1100 f; + Z(foCL) x Vpp? C| = load capacitance (pF)
dissipation per 10 4400 fj+ =(fo,CL) x Vpp? 2(foCL) = sum of outputs
package (P) 15 | 11400 fj+ Z(f,C) x Vpp? Vpp = supply voltage (V)

w | January 1995
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S NPUTM Rp INPUT 50%
— S~ = 'WRH

7Z73758.1

Fig. 5 Waveforms showing minimum Sy and R, pulse widths.

APPLICATION INFORMATION
An example of application for the HEF4043B is:
® Four-bit storage with output enable
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HEF4044B
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QUADRUPLE R/S LATCH WITH 3-STATE OUTPUTS

The HEF4044B is a quadruple R/S latch with 3-state outputs with a common output enable input
(EO). Each latch has an active LOW set input (Sg to S3), an active LOW reset input (Rg to R3) and an
active HIGH 3-state output (Og to O3).

When EO is HIGH, the state of the latch output (O) 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.

18] [15] [1a] [13] [12] [11] [to] [o
3|50
B n Op |13 ) HEFLOLLB
_4 Roo 03 n.c. §0 §0 EO R1 51 VSS
T 12T 3] e 5] 6] [7] [
72736882
3 : S =
_71=1 o 016 Fig. 2 Pinning diagram.
6| R1 m HEF4044BP(N): 16-lead DIL; plastic (SOT38-1)
=) O HEF4044BD(F): 16-lead DIL; ceramic (cerdip) (SOT74)
3-STATE HEF4044BT(D): 16-lead SO; plastic (SOT109-1)
I OUTPUTS (): Package Designator North America
11]S2
= 2410 PINNING
12| R2 &
—1—© EO common output enable input
§0 to §3 set inputs (active LOW)
15] S3 5 B RotoR3 reset inputs (active LOW)
o . 31 Opto O3  3-state buffered latch outputs
14|R3
=1 ¥ FUNCTION TABLE
5|EO ]
inputs
— ——— output
FalanRe EO | S, |Rn Op
Fig. 1 Functional diagram.
L X X Z
H ¥ H H
H X L L
H H H latched

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

FAMILY DATA : . X = state immaterial
sad Family Z = high impedance OFF-state

Ipp LIMITS category MSI

J Specifications
\‘ January 1995
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Waean’s

7273812.3

Fig. 3 Logic diagram.

ol

> .

7282342

Fig. 4 Logic diagram (one latch).
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Quadruple R/S latch with 3-state outputs

HEF4044B
MSI

A.C. CHARACTERISTICS

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

typical formula for P (uW)

VDD . typical extrapolation
v symbol | min. typ. max. -
Propagation delays
Rn — Op 5 90 185 ns 63 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 40 80 ns 29 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C_
S, — Op 5 90 180 ns 63 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 40 80 ns 29 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C_
Output transition b 60 120 ns 10 ns + (1,0 ns/pF) C_
times 100 | FrEL 30 60 ns 9 ns + (0,42 ns/pF) C
HIGH to LOW 15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
3-state propagation
delays
QOutput disable times
EO — Oy 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 — Oy 5 50 100 ns
HIGH 10 | tpzH 25 50 ns
15 20 40 ns
b 50 95 ns
LOW 10 | tpzL 25 45 ns
15 20 35 ns
Minimum S, 5 30 15 ns
pulse width; LOW | 10 | twsL 20 10 ns
15 16 8 ns see also waveforms
Minimum Rp, 5 30 15 ns Fig. 5
pulse width; LOW | 10 |twRL 20 10 ns
15 16 8 ns
VbD where

Vv
Dynamic power 5 1300 fj + Z(fo,C) x Vpp?
dissipation per 10 5200 fj + Z(foC) x Vpp*?
package (P) 15 | 12900 fj + Z(f,CL) x Vpp?

f; = input freq. (MHz)

fo = output freq. (MHz)
C| = load capacitance (pF)
Z(foCL) = sum of outputs
Vpp = supply voltage (V)

\ | January 1995
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Sy, INPUT 50% R, INPUTM
-— twsL— - 'WRL—

7273813.1
Fig. 5 Waveforms showing minimum §n and ﬁn pulse widths.
APPLICATION INFORMATION

An example of application for the HEF4044B is:
® Four-bit storage with output enable
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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 1

S|GN|N_ﬂ_>_T_—)D 2| PClouT
COMP |\ | 3 Ty
8 13l
L - PHASE LI [Pe2our
% 5 COMPARATOR 2 R3
il PCPouT
~~< \Vcogyr|a gIVEO L(F)Y\Lféxﬁss
e14l 5 [ -ch
C‘% cigl s SOURCE 10|SFout T
VCO FOLLOWER VSS
R1_ Ry Rgr
v
v
ss
INH —2 l
v 15
(pirf%) «—p}——— ZENER
7273691.3

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

Ipp LIMITS category MSI: see further on in this data.

\ | January 1995
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PINNING
L J 1. Phase comparator pulse output
PCP \Y
ouTt E E oD 2. Phase comparator 1 output
3. Comparator input
PClouT E E] ZENER 4. VCO output
5. Inhibit input
COMP|y | 3 E SIGN|N 6. Capacitor C1 connection A
7. Capacitor C1 connection B
VEOgur | 4 13] PC20uT 8. Vss
HEF40468 9. VCO input
INH [ 5 12| Ro 10. Source-follower output
E :l 11. Resistor R1 connection
12. Resistor R2 connection
R
Sl E E L 13. Phase comparator 2 output
14. Signal input
Clg ( 7 _1_0—] SFout 15. Zener diode input for regulated supply.
7273690.1

Fig. 2 Pinning diagram.

FUNCTIONAL DESCRIPTION
VCO part

The VCO requires one external capacitor (C1) and one or two external resistors (R1 or R1 and R2).
Resistor R1 and capacitor C1 determine the frequency range of the VCO. Resistor R2 enables the

VCO to have a frequency off-set if required. The high input impedance of the VCO simplifies the
design of low-pass filters; it permits the designer a wide choice of resistor/capacitor ranges. In order
not to load the low-pass filter, a source-follower output of the VCO input voltage is provided at pin 10.
If this pin (SFoyT) is used, a load resistor (Rgg) should be connected from this pin to Vgg; if unused,
this pin should be left open. The VCO output (pin 4) can either be connected directly to the compara-
tor input (pin 3) or via a frequency divider. A LOW level at the inhibit input (pin 5) enables the VCO
and the source follower, while a HIGH level turns off both to minimize stand-by power consumption.

Phase comparators

The phase-comparator signal input (pin 14) can be direct-coupled, provided the signal swing is between
the standard HE4000B family input logic levels. The signal must be capacitively coupled to the self-
biasing amplifier at the signal input in case of smaller swings. Phase comparator 1 is an EXCLUSIVE-OR
network. The signal and comparator input frequencies must have a 50% duty factor to obtain the
maximum lock range. The average output voltage of the phase comparator is equal to %2 Vpp 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 (fy). The frequency capture range (2 f;) 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 | )
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 0° and 180° and is 90°
at the centre frequency. Figure 3 shows the typical phase-to-output response characteristic.

(1) Average output voltage.

Fig. 3 Signal-to-comparator inputs
phase difference for comparator 1.

0° 90° 180°
7284458

Figure 4 shows the typical waveforms for a PLL employing phase comparator 1 in locked condition

of fo.
SIGN|y |
COMP
VCOout |
- J L

— Vbp

veoyy e T WP W

— Vss
7274624 .1

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 Vpp or down te Vgg respectively. This
type of phase comparator only acts on the positive-going edges of the signals at SIGN | and COMP ;.
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 OF F (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 stabie 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 (PCPoyT) is a HIGH level which can be
used for indicating a locked condition. Thus, for phase comparator 2 no phase difference exists be-
tween the signal and comparator inputs over the full VCO frequency range. Moreover, the power dissi-
pation due to the low-pass filter is reduced when this type of phase comparator is used because both
p and n-type output drivers are OFF for most of the signal input cycle. It should be noted that the
PLL lock range for this type of phase comparator is equal to the capture range, independent of the
low-pass filter. With no signal present at the signal input, the VCO is adjusted to its lowest frequency
for phase comparator 2. Figure 5 shows typical waveforms for a PLL employing this type of phase
comparator in locked condition.

COMP
VCooutr | | ____j I L | L

v
ee2yr _ I -0 20— ———/4m— ot
aup

Z—-—-— high impedance OF F —state VSS

VCO|N Vg By i N

PCPouT I l l I
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 PCPqT output is HIGH. The condition at output PCPq T for
all other states is LOW.

§§\;"

(@)
—

s{ et

4——

/ : \ +
faaN
) Cy

|

|

Y )
4— | e
ct :

n - type driver ON p - type driver ON

01
p:

state number of

the comparator
n and p - type
drivers are OFF

logic state of

. comparator input (pin 3)
logic state of

signal input (pin 14) 7284459

S 1:0to 1 transition at the signal input.
C | : 1 to O transition at the comparator input.

Fig. 6 State diagram for comparator 2.
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D.C. CHARACTERISTICS
Vgg =0V

Tamb (°C)
VDD | symbol —40 +25 +85

v typ. max. typ. max. typ. max.
Supply current 5 — — 20 - — — uA
(note 1) 10 15 - - 300 - — — uA
15 — — 750 — — = MA
Quiescent device b - 20 - 20 — 150 pA
current (note 2) 10 Ibp - 40 - 40 - 300 WA
15 - 80 — 80 - 600 wA

Notes

1. Pin 15 open; pin 5 at Vpp; pins 3 and 9 at Vgg; pin 14 open.

2. Pin 15 open; pin 5 at Vpp; pins 3 and 9 at Vgg; pin 14 at Vpp; input current pin 14 not included.

A.C. CHARACTERISTICS

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

Vl\)/D symbol | min. typ. max.

Phase comparators

Operating supply
voltage Vbp 3 15 V

Input resistance 5 750 k&2 .

at self-bias
at SIGN |y 10 RIN 220 k& L operating point
15 140 ke | )

A.C. coupled input 5 150 mV peak-to-peak values;
sensitivity 10 VIN 150 mV | [ R1=10k&; R2= oo;
at SIGN | 15 200 mV } C1=100 pF; independent

of the lock range

D.C. coupled input
sensitivity at
SIGN|N; COMP|N 5 1.5 V

LOW level 10 ViL 30 V
15 40 Vv full temperature range

5 3.5 \)

HIGH level 10 ViH 7,0 \%

15 11,0 Vv

Input current 5 7 HA 1

at SIGN|N 10 +IN 30 nA SIGN|y at Vpp
15 70 uA |
5 3 MA l
10 —IIN 18 nA J SIGN|N at Vgg
15 45 HA
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A.C. CHARACTERISTICS Vgg =0 V; Tamp =25 9C; C|_ = 50 pF; input transition times < 20 ns

VBD symbol | min.  typ. max.
VCO
Operating supply VbD 3 1B M as fixed oscillator only
voltage 5 15 V phase-locked loop operation
Power dissipation 5 150 uW l fo =10 kHz; R1 =1 MQ;
10 P 2500 uW R2 = o0; VCO|N at 2 Vpp;
15 9000 MW J see also Figs 10 and 11
Maximum operating 5 0,56 1,0 MHz VCO|N at Vpps
l IN DD
frequency 10 f 1,0 2,0 MHz R1=10k&2; R2 = oo;
max J
15 1,3 27 MHz C1 =50 pF
Temperature/ 5 0,22—-0,30 %/°C \ no frequency offset
frequency 10 0,04-0,05 %/°C (fmin=0);
stability 15 0,01-0,05 %/°C J see also note 1
5 0-0,22 %/°C l with frequency offset
10 0-0,04 %/°C (fmin > 0);
15 0-0,01 %/°C J see also note 1
Linearity 5 0,50 % R1>10 kS2 | see Fig. 13
10 0,25 % R1>400 k2 | and Figs 14
15 0,25 % R1=1M&Q J15and16
Duty factor at 5 50 %
VCOouT 10 1 50 %
15 50 %
Input resistance at 5 10°© M
VCO|N 10 RiN 108 M
15 10° MQ
Source follower
Offset voltage 5 1.4 \% l Rgg = 10 k2;
VCO N minus 10 2,0 Vv J VCO|N at %2 Vpp
SFouT 15 2,1 \
5 15 \ l Rsg =50 k$2;
10 74 \Y J VCO|N at %2 Vpp
15 1,8 \%
Linearity 5 0,3 % Rgg > 50 k&2;
10 1,0 % | see Fig. 13
15 1.3 %
Zener diode
Zener voltage Vz 7.3 V I7 =50 uA
Dynamic resistance Rz 25 Q Iz=1mA

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 SIGN | VCO in PLL system adjusts VCO in PLL system adjusts
to centre frequency (fg) to min. frequency (fmin)

Phase angle between 9009 at centre frequency (fg), always 09 in lock

SIGN| and COMP | approaching 00 and 180° at (positive-going edges)

ends of lock range (2 | )

Locks on harmonics of

centre frequency yes no
Signal input noise
rejection high low
Lock frequency the frequency range of the input signal on which the loop will
range (2 f|) stay locked if it was initially in lock; 2 f|_= full VCO frequency
range = fmax — fmin
Capture frequency the frequency range of the input signal on which the loop will
range (2 fc) lock if it was initially out of lock
depends on low-pass fe=fL

filter characteristics; fc < f|_
Centre frequency (f,) the frequency of the VCO when VCO | at %2Vpp

VCO component selection

Recommended range for R1 and R2: 10 k§2 to 1 MQ; for C1: 50 pF to any practical value.

1. VCO without frequency offset (R2 = ).
a. Given fq: use fy with Fig. 7 to determine R1 and C1.
b. Given fy4x: calculate fo from fy =7 frax; use fy with Fig. 7 to determine R1 and C1.
2. VCO with frequency offset.
a. Given fg and f| : calculate fp,j, from the equation iy = fg — fLL; use fjn with Fig. 8 to deter-
mine R2 and C1; calculate

fmax from the equation fmax = fo fI‘; use fmax with Fig. 9 to determine the ratio R2/R1 to
min min  fo—fL min
obtain R1. frmax B
b. Given fmin and fmax: use fjp with Fig. 8 to determine R2 and C1; calculate ——; use -
min min

with Fig. 9 to determine R2/R1 to obtain R1.
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Fig. 7 Typical centre frequency as a function of capacitor C1; Tamp = 25 ©C; VCO| at %2 Vpp:

INH at Vgg; R2 = oo.
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Fig. 8 Typical frequency offset as a function of capacitor C1; Tamp = 25 OC; VCO|p at Vss;
INH at Vgg; R1 = oo,
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Fig. 9 Typical ratio of R2/R1 as a function of the ratio frax/fmin-
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Fig. 10 Power dissipation as a
function of R1; R2 = o0; VCO/p at
10 . . % Vpp; C =50 pF.
1 10 10 R1 (k) 10
106 7284456
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NN -50 pF Fig. 11 Power dissipation as a
< function of R2; R1 = °°; VCO|p at
- 1uF Vss (0 V); C|_ =50 pF.
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N
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N
\\
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=
N
102 & N
1
\\
N
N
N
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Fig. 12 Power dissipation of source follower
1 as a function of Rgg; VCO|\ at %2 Vpp:
] 10 102 103 R1 = o0; R2 = oo,
Rgp (kQ2)
For VCO linearity:
f1+f2
f i)
T fo 2
fmaxtr——————————————— ——— — = P
L R ! | lin. = of’ 0 x 100%
¥ — ] | a
| [ _/]/ | | Figure 13 and the above
o o~ : Il : formula also app!y to.
o | | source follower linearity:
| ;
fit——— | : : | substitute Vg quT for f.
| | | | AV=03VatVpp=5V
| | = =
| AV | AV | : AV=25VatVpp=10V
I | | + AV=5VatVpp=15V
1/2Vpp Vbp
7284457 — VvCO IN

Fig. 13 Definition of linearity (see a.c. characteristics).
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Fig. 14 VCO frequency linearity as a Fig. 15 VCO frequency linearity as a
function of R1; R2 =o; V =5V, function of R1; R2 =oo; V =10 V.
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Fig. 16 VCO frequency linearity as a
50pF function of R1; R2 =0; Vpp = 15 V.
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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 monostable multivibrator action with retriggering and external count-

ing options.

Inputs include + TRIGGER, — TRIGGER, ASTABLE, ASTABLE, RETRIGGER and MR (Master Reset).

Buffered outputs are O, O and OSCILLATOR OUTPUT. In all modes of operation an external capacitor

(C¢) must be connected between Ct¢ and RCtc, and an external resistor (R¢) must be connected
between Rt and RCy( (continued on next page).

R
T
—
_l_ct
3 i |2
Rerg Crc|R1c
13
OSCILLATOR
OUTPUT
5| ASTABLE -
TR AZT;\A-rBELE . RETRIGGER | RETRIGGER |12
4| ASTABLE _ e
. CONTROL [*] | ASTABLE
MULTI-
t 7
VIBRATOR olvo
6 |-TRIGGER _I o 1
___—__o
MONOSTABLE FREQUENCY
g|+triceer | conTrOL [ » DIVIDER B
(=2) oln
|t MR|9
7274558.1

FAMILY DATA

Fig. 1 Functional diagram.

see Family Specifications

Ipp 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 Vpp is applied.

Cre [1] U 14] Voo

OSCILLATOR
R
TC | 2 3] outpuT

RCrc E 1__2] RETRIGGER

ASTABLE | 4 HEF4047B |11]| 0O

ASTABLE [ 5 10] o
— TRIGGER [ 6 9| MR
Vss [ 7] 8] + TRIGGER
7274557.1

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
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Monostable/astable multivibrator
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FUNCTIONAL CONNECTIONS

pins connected to output output
pulse period
function input | from or
VbD Vss pulse | pins pulse width
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 t,:\ s 4,14:;) RtC¢
X at pin 13:

complement gating 6, 14 5,7,8,9,12 4 10, 11,13 ta = 2,20 R¢Cy¢
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 RCy
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

Vgs =0 V; inputs at Vgg or Vpp

Tamb (°C)
Veo symbol | —40 +25 +85
max. min. max. max.
Leakage current :
t
pin 3; output 15 I3 03 =, OB KA {J/m : gr v
transistor OFF DD S8
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Monostable/astable multivibrator

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

Vpp . typical extrapolation
Y symbol | min. typ. max. P
Propagation delays
ASTABLE, ASTABLE
— 0SC. OUTPUT 5 95 190 68 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 45 90 43 ns + (0,23 ns/pF) C_
15 30 60 22 ns + (0,16 ns/pF) C_
5 85 170 58 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 40 80 29 ns + (0,23 ns/pF) C_
156 ] 30 60 22 ns + (0,16 ns/pF) C_
ASTABLE, ASTABLE
—= 0,0 5 150 300 123 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 65 130 54 ns + (0,23 ns/pF) C|_
15 50 100 42 ns + (0,16 ns/pF) C|_
5 130 260 103 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 60 120 49 ns + (0,23 ns/pF) C_
15 45 90 37 ns + (0,16 ns/pF) C_
+/—TRIGGER
— 0,0 b 160 320 133 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 65 130 54 ns + (0,23 ns/pF) C_
15 50 100 42 ns + (0,16 ns/pF) C_
5 155 310 128 ns + (0,55 ns/pF) C|_
LOW to HIGH 10 tPLH 65 130 54 ns + (0,23 ns/pF) C_
15 50 100 42 ns + (0,16 ns/pF) C_
+ TRIGGER, B
RETRIGGER —» O 5 65 130 38 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 30 60 19 ns + (0,23 ns/pF) C_
15 25 50 17 ns + (0,16 ns/pF) C_
+ TRIGGER,
RETRIGGER —» O 5 95 190 68 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 40 80 29 ns + (0,23 ns/pF) C_
15 30 60 22 ns + (0,16 ns/pF) C|_
MR —=0 5 100 200 83 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 45 90 34 ns + (0,23 ns/pF) C_
15 35 70 27 ns + (0,16 ns/pF) C_
MR—s 0O 5 100 200 83 ns + (0,55 ns/pF) C|_
LOW to HIGH 10 | tpLH 45 90 34 ns + (0,23 ns/pF) C_
15 35 70 27 ns + (0,16 ns/pF) C_
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A.C. CHARACTERISTICS (continued)
Vgs =0V; Tamp = 25 OC; C_ =50 pF; input transition times < 20 ns

VbDp

typical extrapolation

Y symbol | min. typ. max. formula
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) C_
15 20 40 ns | 6ns+(0,28 ns/pF) C_
5 60 120 ns |[10ns+ (1,0 ns/pF) C
LOW to HIGH 10 tTLH 30 60 ns | 9ns+(0,42ns/pF) C
15 20 40 ns | 6ns+ (0,28 ns/pF) C_
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:

Astable 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%

® Free-running or gatable operating modes

® 50% duty cycle

® Oscillator output available
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1. Astable mode design information
a. Unit-to-unit transfer-voltage variations

The following analysis presents worst-case variations from unit-to-unit as a function of transfer-
voltage (VTR) shift for free running (astable) operation.

OSCILLATOR
OUTPUT (pin 13)

O OUTPUT
(pin 10)

ta
7284343
Fig. 4 Astable mode waveforms.
V
Vpbp *+ VTR
VbpD - VTR

=Ry i s
. ttn2VDD—VTR

(VTrRVpD — VTR)

ta =2 (tq +tp) = —2R:Cst In .
= thll ™t (Vpp + VTR)(2Vpp — VTR)

where ta = Astable mode pulse width.

Values for tp are:

typ. : VTR = 0,5 Vpp; ta = 4,40 R{Cy
(min.: VTR = 0,3 Vpp; ta = 4,71 R¢Ct
\max.: VTR = 0,7 Vpp; ta = 4,71 R{Cy

min.: VTR =4 V; ta = 4,84 R{Cq
max.: VTr = 11 V; ta = 4,84 R{Cy

Vpp=5o0r 10V

Vpp =15V

thus if tp = 4,40 R¢C¢ 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 Vpp

In addition to variations from unit-to-unit, the astable period may vary as a function of frequency with

respect to Vpp.

Typical variations are presented graphically in Figs 5 and 6 with 10 V as a reference.

7,5

period

accuracy

for _
Oand O

(%)

>

]

= VAN

XN
ND
\\ -
0
-25
0 5 10 15

Fig. 5 Typical O and 0 period accuracy as a function of supply voltage; astable mode; Tamp = 25 ©C.

curve fo Ct R¢
kHz pF k2
A 10 100 220
B 5 100 470
C 1 1000 220
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15 \
period \
" o\ Jele T\a
0and O \ [\ \
(%)
- NN
\ \
\ N
5 \ N\, N\
\ N . \\
NANAN
N
— \\ \\ L
" N
Y i
N | T
= T —
-5
Vpp (V) T

Fig. 6 Typical O and O period accuracy as a function of supply voltage; astable mode; Tomp = 25 ©C.

curve ‘ f5 ‘ Ct ’ Ry
kHz pF k&2

A 500 10 47
B 225 100 10
c 100 100 22
D 50 100 47
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APPLICATION INFORMATION (continued)
2. Monostable mode design information

The following analysis presents worst case variations from unit-to-unit as a function of transfer-
voltage (VTR) shift for one-shot (monostalbe) operation.

+ TRIGGER
(pin 8)

OSCILLATOR
QUTPUT (pin 13)
L—t1'->‘<-t2—> l<—t1'—>‘<-t2—>’
O OUTPUT
(pin 10)
|le—— ) — v
7284342
Fig. 7 Monostable waveforms.
VTR
t1" = —R{Ct |
1 tht “2VDD
ty = (t1" +t2)

(VTRVDD — VTR

th = —ReCy |
M= = N VoD — VTRIZVDD)

, where t); = Monostable mode pulse width.

Values for ty are:

typ. : VTR = 0,5 Vpp; t\ =2,48 R{Ct
(min.: VTR =0,3 Vpp: tm = 2,78 RC¢
| max.: VTR =0,7 Vpp: tm = 2,52 R{C¢
(min.: VTR =4V, ty = 2,88 R{Ct
| max.: VTr=11V; ty = 2,56 R¢C¢

Vpp=5t0 10V
Vpp=15V

thus if tyg = 2,48 R¢Cy is used, the maximum variation will be (+ 12%; —0,0%) at 10 V.

Note
In the astable mode, the first positive half cycle has a duration of t),; succeeding durations are % 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 =ttty + 2tp.

For more than two pulses, tgg (output O), terminates at some variable time, tp, after the termination
of the last retrigger pulse; tp is variable because tRg (output O) terminates after the second positive

edge of the oscillator output appears at flip-flop 4.

+ TRIGGER;
RETRIGGER
(pins 8, 12)

OSCILLATOR
OUTPUT (pin 13)

O OUTPUT
(pin 10)

| I | | | ] |
L U SuuL

g t
11 ] |- S gy S .
| - 2
12 —| | to—»| j=—

p— S el L — -
l —| 1p |w—

—] tRE e <—IRE——> 4-—-——-tRE——>
7284341

Fig. 8 Retrigger mode waveforms.

4. External counter option

Time t) 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 impiementation is shown in Fig. 9.
The pulse duration at the output is:

text = (N = 1){ta) + (tyg + 72 tpa)
Where tgyt = pulse duration of the circuitry, and N is the number of counts used.

ASTABLE |4

optional
HEF40478B HEF40178 buffer

0 1034 CPO 65_9 12 Do—output
MR

E N

input
pulse _J_L

|-

- ¢

7284340 ext

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 Ct value to maintain oscillation.

However, in consideration of accuracy, Cy must be much larger than the inherent stray capacitance

in the system (unless this capacitance can be measured and taken into account).

Rt must be much larger than the LOCMOS "ON’ resistance in series with it, which typically is hundreds
of ohms.

The recommended values for Rt and Ct to maintain agreement with previously calculated formulae
without trimming should be:
Ct¢ = 100 pF, up to any practical value,

10kQ < R < 1 MQ.

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 Cy is given by the
following formulae:

Astable mode: P=2Ct V2 f (fatoutput pin 13)
P=4C{V?f (fatoutput pins 10 and 11)
(2,9 C¢ V?)(duty cycle)

Monostable mode: P = T (f at output pins 10 and 11)

Because the power dissipation does not depend on Ry, a design for minimum power dissipation would
be a small value of Cy. 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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10%
P : i
(uW) C,=100nF 10nF 1n7r¢~ 100 pF AT
/
103 5 ’/ 10pF
" a
e Z
L~ Jizg
102 =1 ot 1 O g O g 111 B
e 2 3 4 5 6
1 10 10 10 10 105 ¢y 10

Fig. 10 Power consumption as a function of the output frequency at O or O; Vpp =5 V; astable mode.

7284345
106
P
(W)
10°
7 4
V4 V4
C, =100nF 4 10nF 1 nEp1H100 pEAF
Y. // -
/
104 A A L A0
bl
Ll
|1 e
103
1 10 102 103 104 105  (Ha) 108

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)

7284344
108
2]
(uW)
C, = 100nF 10nE/] | [[1nF | 100pF
5 Il 1 i
10 :
A 1
10 pF
L~ .
104 11T — T TLL—TTTT|
16"
1 10 102 103 104 10% ¢ (yz) 108

Fig. 12 Power consumption as a function of the output frequency at O or 0; Vpp = 15 V; astable mode.
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HEX INVERTING 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 0112 6] [B] [a] [13 [2] [11] [0] [o
nc. Og Ig nc. Os Is Os Iu
5|k Oaf4 D) HEF4049B
Vop Oy I; 0 Iz O3 I3 Vsg
I 0 1 12 3] |a] [5] 16] L7 |8
119 >°ii 7269501
Fig. 2 Pinning diagram.
9L >°o_‘1_0_ HEF4049BP(N): 16-lead DIL; plastic (SOT38-1)
HEF4049BD(F): 16-lead DIL; ceramic (cerdip) (SOT74)
1 0 HEF4049BT(D): 16-lead SO; plastic (SOT109-1)
b >o—5-12— (): Package Designator North America
16| 1g : oﬁlfé_ Guaranteed fan-out in common logic families
dri guaranteed
riven element P—_—
7269558
Fig. 1 Functional diagram. standard TTL
74LS 9
h _DO_DO_DO_ 04 74L 16
7Z274549.1

Input protection

input —!:l—:j—

Fig. 3 Logic diagram (one gate).

APPLICATION INFORMATION dﬁ

Some examples of applications for the HEF4049B are: Vss

® LOCMOS to DTL/TTL converter TEARHG

® HIGH sink current for driving 2 TTL loads Fig. 4 Input protection circuit that

® HIGH-to-LOW level logic conversion allows input voltages in excess of Vpp.
FAMILY DATA

} see Family Specifications
‘DD MIMITS category BUFFERS
2 =
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D.C. CHARACTERISTICS Vgg =0 V; V| = Vgs or Vpp

Vpp | Vo Tamb(°C)
HEF v | v. e g +25 +85
min. max. min. max. min. max.
Output (sink) 4,75 04 35 - 29 - 23 — mA
current LOW 10 | 05| IgL 120 — 100 -~ 80 - mA
15 1.5 240 - 200 - 16,0 — mA
Output (source) 5 4,6 0,52 — 044 — 036 — mA
current HIGH 10 96| —IloH 1.8 — el B 09 — mA
15 |13,5 36 — 30 - 24 — mA
Qutput (source)
current HIGH 5 25| —IlgH 1,7 - 1.4 - 1.1 — mA
Vpp | Vo Tamb(°C)
e W Vv v | Smbel | g +25 +125
min. max min. max. min. max.
Output (sink) 4,75 0,4 36 -— 29 -— 19 — mA
current LOW 10 05 | oL 125 — 100 -— 6,7 — mA
15 1,5 250 — 200 - 130 — mA
Output (source) 5 4.6 052 — 0,44 - 036 — mA
current HIGH 10 9,5 —IoH 1.3 - 1.1 — 09 — mA
15 [13,5 36 - 30 - 24 — mA
VbD typical extrapolation
v symbol typ.  max. ¥oriiks
Propagation delays 5 35 70  ns 26 ns + (0,18 ns/pF) C_
In — Op 10 tPHL 15 30 ns 11 ns + (0,08 ns/pF) C_
HIGH to LOW | 15 12 25 ns 9 ns + (0,05 ns/pF) C_
5 50 100 ns 23 ns + (0,55 ns/pF) C|_
LOW to HIGH | 10 tPLH 25 50 ns 14 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
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) C_
HIGH to LOW | 15 7 14 ns 2 ns + (0,09 ns/pF) C
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH | 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Vbbp : P where
v typical formula for P (uW) f = input freg. (MHz)
fo = output freq. (MHz)
Dynamic power 5 2500 fj + =(foCL) x Vpp? C = load capacitance (pF)
dissipation per 10 11000 fj + Z(foCL) x Vpp*? Z(foCL) = sum of outputs
package (P) 15 35000 fj + Z(f,CL) x Vpp* Vpp = supply voltage (V)
344 January 1995W (
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HEX NON-INVERTING BUFFERS

The HEF4050B provides six non-inverting buffers with high current output capability suitable for
driving TTL or high capacitive loads. Since input voltages in excess of the buffers’ supply voltage are
permitted, the buffers may also be used to convert logic levels of up to 15 V to standard TTL levels.
Their guaranteed fan-out into common bipolar logic elements is shown in the table below.

16 15| [14] [13] J12] 11| J10] {9

3| 0|2 nc. Og Ig nc. Os Is O Li
=) HEF4050B
5|k Bl Vop Oy Ij Oy I; O3 I3 Vsg
1] 12] 13] e 5] 8] (7] L8
i 7269502
7|13 > Os|6 Fig. 2 Pinning diagram.
HEF4050BP(N): 16-lead DIL; plastic
o1 A (SOT38-1)
4 >_i_ HEF4050BD(F): 16-lead DIL; ceramic (cerdip)
(SOT74)
HEF4050BT(D): 16-lead SO; plastic
I 0 ;
L Sk (SOT109-1)
(): Package Designator North America
(0]
Ll e | L2 Guaranteed fan-out in common logic families
; guaranteed
oo driven element Fr-ot
Fig. 1 Functional diagram,
standard TTL 2
74LS 9
74L 16
I ‘DO_DO_ 01
7274500.1
Fig. 3 Logic diagram (one gate), U Ao REtin
input —:]—j—
APPLICATION INFORMATION ﬂ
Some examples of applications for the HEF4050B are: Vs T ZROEE0L]
e LOCMOS to DTL/TTL converter '
e HIGH sink current for driving 2 TTL loads Fig.4 Input protection circuit that
e HIGH-to-LOW level logic conversion allows input voltages in excess of Vpp.

FAMILY DATA

see Family Specifications
Ipp LIMITS category BUFFERS |
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D.C. CHARACTERISTICS Vgg =0 V; V| = Vggor Vpp

Vpp | Vo Tamb(°C)
HEF v | v [%mboll 49 +25 +85
min.  max. min. max. min.  max.
Output (sink) 475| 04 36 - 29 - 23 - mA
current LOW 10 05 | loL 120 — 100 - 80 -— mA
15 16 240 — 200 -— 16,0 — mA
Qutput (source) 5 46 052 - 044 — 0,36 — mA
current HIGH 10 95 | —loH 1.3 - 14 — 09 - mA
15 13,5 3,6 - 3,0 — 24 — mA
Output (source)
current HIGH 5 25 [ —-loH 1,7 - 14 - 151 — mA
Vbp | Vo Tamb(°C)
- HEL: v | v |smbell g +25 +125
min. max. min. max. min. max.
Output (sink) 4,75 0,4 36 -— 29 — 19 — mA
current LOW 10 05| 1oL 125 -— 100 — 6,7 — mA
15 1.5 250 -— 200 -— 130 — mA
Output (source) 5 4.6 052 — 0,44 — 036 — mA
current HIGH 10 95| —-lgH 13 - 1.1 - 09 — mA
15 13,5 36 — 30 - 24 — mA
A.C. CHARACTERISTICS Vgg=0V; Tamp =25 °C; CL = 50 pF; input transition times < 20 ns
\% typical extrapolation
SD symbol typ. max. YR formu‘?a
Propagation delays 5 35 70 ns 26 ns + (0,18 ns/pF)C_
In On 10 tPHL 20 35 ns 16 ns + (0,08 ns/pF)C_
HIGH to LOW 15 15 30 ns 12 ns + (0,05 ns/pF)C_
5 55 110 ns 28 ns + (0,55 ns/pF)C
LOWto HIGH | 10 tpLH 25 55 ns 14 ns + (0,23 ns/pF)C
15 20 40 ns 12ns + (0,16 ns/pF)C
Output transition 5 25 50 ns 7 ns + (0,35 ns/pF)C_
times 10 tTHL 10 20 ns 3ns+ (0,14 ns/pF)C
HIGH to LOW 15 7 14 ns 2ns + (0,09 ns/pF)C_
5 60 120 ns 10ns+ (1,0 ns/pFICL
LOW to HIGH 10 tTLH 30 60 ns 9ns + (0,42 ns/pF)C_
15 20 40 ns 6 ns + (0,28 ns/pF)C_
VbD . where
v typical formula for P (uW) f, = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 3800 f; + Z (f,C) x Vpp? C_=load capacitance (pF)
dissipation per 10 11 600 f; + Z (f5C) x Vpp2 Z(foCL) =sum of outputs
package (P) 15 65900 f; + T (f,C) x Vpp?2 Vpp =supply voltage (V)
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8-CHANNEL ANALOGUE MULTIPLEXER/DEMULTIPLEXER

The HEF4051B is an 8-channel analogue multiplexer/demultiplexer with three address inputs (Ag to
Ap), an active LOW enable input (E), eight independent inputs/outputs (Yq 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 (Y 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 Aqg to Ao. With E
HIGH, all switches are in the high impedance OF F-state, independent of Ag to Aj.

Vpp and Vgg are the supply voltage connections for the digital control inputs (Ag to Ay, and E).
The Vpp to Vgg range is 3 to 15 V. The analogue inputs/outputs (Yq to Y7, and Z) can swing between
Vpp as a positive limit and Vgg as a negative limit. Vpp—VgEg may not exceed 15 V.

For operation as a digital multiplexer/demultiplexer, VEE is connected to Vgg (typically ground).

i6
VoD
[——— Yo|13
-
|
11[A0 - - Yi[14
Y2|15
-
|
10| A1 ] ) Y312
LOGIC
LEVEL Lo it AL
Fig. 1 Functional diagram. CONVERSION DECODER
|
9]|A2 || - Y55
|
Y6|2
]
E Y;
_GEO e - 714
]
z|3
FAMILY DATA
——
V. v
Ipp LIMITS category MSI 2 EE
8 7 7269537.4

see Family Specifications
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16] [15] [14] [13] J12] [11] f10] [9 PINNING
Voo Y2 i Yo Y3 Ag Ay A Ypto Y7 independent inputs/outputs
i HEF4051B Agto Ay  address inputs
% W Z Y Yo E Ve Vae E enable input (active LOW)
1 [2] (3] [e] [5] 6] [7] s 74 common input/output

7269503

Fig. 2 Pinning diagram.

HEF4051BP(N): 16-lead DIL; plastic
(SOT38-1)

HEF4051BD(F): 16-lead DIL; ceramic (cerdip)
(SOT74)

HEF4051BT(D): 16-lead SO; plastic
(SOT109-1)

(): Package Designator North America

Yn

Ly

gy - gy
’—l"*VDD Vpp -
j N F:L
Fig. 3 Schematic diagram

(one switch). O—J——,E%I

\%
EE Z,
D ) 7282374.1
FUNCTION TABLE
inputs channel
— ON
A2 | A1 | Ao

L|{L|L|L | Yoz

L|lL | L |H]| Y-2Z

LiL|H|L | Y2

LiL|H|H| Y32

L H L i Y4-2

LIH|L|H| Y52

L | H H L Ye—2 H = HIGH state (the more positive voltage)

L |H H o Y7-2 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 Vpp) VEE —-18to+0,5 V
NOTE

To avoid drawing Vpp 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 Vpp 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 Vpp or VEE.
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8-channel analogue multiplexer/demultiplexer
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Fig. 4 Logic diagram.
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D.C. CHARACTERISTICS

Tamb ™ 26 9C
VDD;VEE symbol | typ. max. conditions
5 350 2500 Q
=010 Vpp—V
ON resistance 10 RON 80 245 Q ZagFig g S
15 60 175 Q ]
5 1530 2 ||y g
ON resistance 10 RON 50 160 Q | segFig 6
15 40 115 Q i
5 120 365 ©Q o
ON resistance 10 RON 65 200 | ;’e';Fi;/%D VEE
15 50 155 Q J ]
'A’ ON resistance 5 25 - T n
between any two 10 ARgn | 10 - Q } ;Qes Fio tg Vpo-VeE
channels 15 5 - & -
OFF-state leakage 5 - - nA l
current, all 10 lozz - - nA E atVpp
channels OFF 15 ~ 1000 nA | J Vgs = VEE
OFF-state leakage 5 - — nA )
current, any 10 lozy = — nA } E at Vgg
channel 15 — 200 nA Vss = VEE
15 7284306
Ypp—Vss
(V)
10 operating area
5
0
0 5 10 15
T—T.

Fig. 5 Operating area as a function of the supply voltages.

350
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HIGH O {>c
(from address inputs)
Yn
|ﬁ<] o
Vis=0t0VDD—VEE IiS=2OO“A
Vss = VEE
47 7274582.2

Fig. 6 Test set-up for measuring RoN.

7282373
400
Ron
(2)
|
|
|
200
\
/ \
N . : ey
100 10V Fig. 7 Typical Rgp as a function of input
N | ] voltage.
- h LR li = 200 uA
= ™~ Vss=VEg =0V
0
0 5 10 Vis (V) 15
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A.C. CHARACTERISTICS
VEE = Vgs =0 V; Tamp = 25 OC; input transition times < 20 ns

VbD ) where i
v typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1000 i + Z(foCL) x Vpp? C|_ = load capacitance (pF)
dissipation per 10 5500 f; + Z(f,CL) x Vpp? Z(foCL) = sum of outputs
package (P) 15 15000 fj + Z(fo,CL) x Vpp® | VDD = supply voltage (V)
A.C. CHARACTERISTICS
VEE = Vgs =0 V; Tamp = 25 OC; input transition times < 20 ns
VI\D/D symbol | typ. max.
Propagation delays
Vis = Vs 5 15 30 ns
HIGH to LOW 10 tPHL 5 10 ns note 1
15 5 10 ns
5 15 30 ns l
LOW to HIGH 10 tPLH 5 10 ns note 1
15 5 10 ns | J
Apn — Vg 5 150 300 ns l
HIGH to LOW 10 tPHL 60 120 ns note 2
15 45 9 ns | J
5 150 300 ns l
LOW to HIGH 10 tpLH 65 130 ns note 2
15 45 90 ns J
Output disable times
E — Vg 5 120 240 ns l
HIGH 10 tpHZ 90 180 ns note 3
15 865 170 ns J
5 145 290 ns l
LOW 10 tpLz 120 240 ns note 3
15 15 230 ns | J
Output enable times
E — Vg 5 140 280 ns l
HIGH 10 tpzH 55 110 ns note 3
15 40 8 ns | J
5 140 280 ns ]
LOwW 10 tpzL 55 110 ns note 3
15 0 8 ns | J
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A.C. CHARACTERISTICS
VEE =Vss =0V; Tamp = 25 OC; input transition times < 20 ns

V[\)/D symbol | typ. max.
Distortion, sine-wave 5 0,25 % L
response 10 0,04 % note 4
15 0,04 % J
Crosstalk between 5 — MHz l
any two channels 10 1 MHz note 5
15 - MHz J
Crosstalk; enable 5 — mV 1
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 1
response 10 40 MHz note 8
15 70 MHz J

NOTES

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

1.
2

3

RL =10k to Vgg; C| =50 pF to Vgg; E = Vgg; Vis = Vpp (square-wave); see Fig. 8.
RL=10kQ; C| =50 pF to Vgg; E = Vgg; Ay = Vpp (square-wave); Vis = Vpp and R to VEE
for tpH; Vis = VEg and R|_to Vpp for tpy|; see Fig. 8.

R =10k&; C_=50pF to Vgg; E = Vpp (square-wave);

Vis=Vpp and R|_to Vgg for tpyz and tpzH;

Vis=VEgg and R|_to Vpp fortp 7 and tpz| ; see Fig. 8.

- RL=10k&; C|_= 15 pF; channel ON; Vis =% Vpp(p-p) (sine-wave, symmetrical about %2 Vpp);

fis = 1 kHz; see Fig. 9.

- RL=1k&Q; Vis="% Vpp(p-p) (sine-wave, symmetrical about %2 Vpp);

v
20 log V—"s = —50 dB; see Fig. 10.

is =
. RL =10k to Vgg; C =15 pF to VgE; E or A, = Vpp (square-wave); crosstalk is |Vos I (peak

value); see Fig. 8.

. RL=1k&; C|_=5 pF; channel OFF; Vig="% VDD(p-p) (sine-wave, symmetrical about %2 Vpp);

Vos ;
20 log Vo = —b50 dB; see Fig. 9.

1S
. RL=1k&; C_ =5 pF;channel ON; Vig=% VDD(p-p) (sine-wave, symmetrical about ¥2 Vpp);

\%
20 log - 3 dB; see Fig. 9.
Vis
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Vis
Ag
y P ——
1
Ay — Vos Vis Vos
E —Of
Rl. CL
R CL .
EE
7274585.1 v
EE 7274584
Fig. 8. Fig. 9.
Vis Vos

channel
OFF

channel
OFF

channel
ON

VEE VEE 7274583

(a) (b)
Fig. 10.

APPLICATION INFORMATION

Some examples of applications for the HEF4051B are:

® Analogue multiplexing and demultiplexing.

® Digital multiplexing and demultiplexing.

® Signal gating.

NOTE

If break before make is needed, then it is necessary to use the enable input.
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HEF4052B
sl

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 (Y to Y3) and a common

input/output (Z). The common channel select logic includes two address inputs (Ag 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 (Y 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 Ag and A1. With E
HIGH, all switches are in the high impedance OFF-state, independent of Ag and A1.

Vpp and Vgg are the supply voltage connections for the digital control inputs (Ag, Aq and E). The
Vpp to Vgg range is 3 to 15 V. The analogue inputs/outputs (Y( to Y3, and Z) can swing between
Vpp as a positive limit and Vg as a negative limit. Vpp — VEE may not exceed 15 V.

For operation as a digital multiplexer/demultiplexer, Vg is connected to Vgg (typically ground).

16
V,
— ZA|13
E—
Yoa[12
il
Y
- 1A 14
il
B | Y2al15
|
Y3al11
LOGIC
. . ) "
Fig. 1 Functional diagram. e LEVEL 1-of-4 |
CONVERSION DECODER :
__| 0B |1
]
E Y
S5 - 1B{5
|
’L—lﬁi
Y3g |4
-
FAMILY DATA — 7 ]
Zg|3
Ipp LIMITS category MSI s "
see Family Specifications 8 7 !
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HEF4052B

MSI
18] _[15] [1a] [13] [12] [11] 1ol [9 PINNING
Voo Yoa Yia Za Yoa Yaa Ag Ay YA to Y3a  independent inputs/outputs
) HEF4052B Yog to Y3g independent inputs/outputs
= Ap, A address inputs
Yos Y28 Zg Ys Yis E Vee Vss EO ! ble input (active LOW)
TG I enable input (active
7269504 Zp, ZB common inputs/outputs
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) Y

(): Package Designator North America

gv T_' '_T VDDL-;:
’—|,__I DD F:l_,_]

L

Zn
] 7282375.1

Fig. 3 Schematic diagram (one switch).

FUNCTION TABLE

inputs channel
= ON
E | Aq Ap
L L L Yoa—2A: YoB—ZB
L L H Y1a—2A: Y1B—2ZB
L | H E Yoa—2Za: Y2B—ZB H = HIGH state (the more positive voltage)
L| H H Y3a—ZA: Y3B—ZB L = LOW state (the less positive voltage)
H X X none X = state is immaterial
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage (with reference to Vpp) VEg —18t0+05 V
NOTE

To avoid drawing Vpp 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 Vpp 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 Vpp or VEE.
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Dual 4-channel analogue multiplexer/demultiplexer

HEF4052B
MSI

ZA
o e
LEVEL
A0 converTer I>°_' |> «% YiA
el o
Aq —Do—-——Dc —%j— Yaa
= Do{>o
[— Dot{>o
Y3B
Fig. 4 Logic diagram.
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HEF4052B
Sl

D.C. CHARACTERISTICS

Tamb =25°C
VDD;VEE symbol | typ. max. conditions
5 350 2500 Q
Vig=0to Vpp—V
ON resistance 10 RON 80 245 Q ] selesFigg DD—VEE
15 60 175 @ | J ‘
5 115 340 Q _
ON resistance 10 RoN 50 160 & } Ben
15 0 115 Q oo Flig 8
5 120 365 £
Vis=Vpp—V
ON resistance 10 RON 65 200 } seEFig DGD EE
15 50 155 & '
"A" ON resistance 5 25 - Q
Vis=0to Vpp—V
between any two 10 ARQN 10 - Q } seles Fig. 6 DD—VEE
channels 15 5 - Q
OFF-state leakage 5 - — nA B
current, all 10 lozz - — DA E atVpp
channels OFF 15 — 1000 nA
OFF-state leakage b — — DnA 1 _
current, any 10 lozy - - nA J E at Vgg
channel 15 - 200 nA
7284306
15
Vbp-Vss
(V)
10 operating area
5
0
0 6 10 15
Vop—Veg (V)

Fig. 5 Operating area as a function of the supply voltages.
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Dual 4-channel analogue multiplexer/demultiplexer HEF4052B
MSI

HIGH © Dc

(from address inputs)

> L

Vis=0to Vpp — VEE lis =200 kA

Vss = VEE
%} 7274582.2

Fig. 6 Test set-up for measuring Rgp.

7282373
400
Ron
(2)
300 I Vpp=5V
|
200
\
\
100 10V
N\ - Fig. 7 Typical Rgp as a function of input voltage.
i 15V _
- - lis = 200 A
Vgg=VEg=0V
0
0 5 10 Vis (V) 15
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HEF4052B
MSI

A.C. CHARACTERISTICS

VEg =Vss=0V; Tamp = 25 OC; input transition times < 20 ns

Vv g h
I\)/D typical formula for P (uW) ri/:irsput freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1300 fj + Z(f,CL) x Vpp°® C = load capacitance (pF)
dissipation per 10 6100 fj + Z(foCp) x VDDZ E(fOCL) = sum of outputs
package (P) 15 15600 fj + Z(foCL) x Vpp® | Vpp = supply voltage (V)
A.C. CHARACTERISTICS
VEE = Vss =0V; Tamp = 25 ©C; input transition times < 20 ns
VBD symbol | typ. max.
Propagation delays
Vis — Vs 5 10 20 ns \
HIGH to LOW 10 tPHL 5 10 ns note 1
15 5 10 ns | J
5 10 20 ns 1
LOW to HIGH 10 tpLH 5 10 ns note 1
15 5 10 ns J
Ap — Vg b 150 305 ns I
HIGH to LOW 10 tPHL 65 135 ns note 2
15 50 100 ns | J
5 150 300 ns \
LOW to HIGH 10 tPLH 75 150 ns note 2
15 50 100 ns | J
Output disable times
E — Vgs 5 95 190 ns l
HIGH 10 tpHZ 90 180 ns note 3
15 9 180 ns | J
b 100 205 ns 1
LOW 10 tpLz 90 180 ns note 3
15 90 180 ns J
Output enable times
E — Vg b 130 260 ns ]
HIGH 10 tpzH 556 115 ns note 3
15 45 85 ns |
5 120 240 ns 1
LOW 10 tpzL 50 100 ns note 3
15 35 75 ns J

360

January 1995 (




Dual 4-channel analogue multiplexer/demultiplexer HEF4052B
Mmsi

A.C. CHARACTERISTICS
VEE = Vs =0V; Tamp = 25 OC; input transition times < 20 ns

VE’/D symbol | typ. max.
Distortion, sine-wave 5 0,25 % 1
response 10 0,04 % note 4
15 0,04 % J
Crosstalk between 5 - MHz l
any two channels 10 1 MHz note 5
15 — MHz J
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 l
response 10 40 MHz note 8
15 70 MHz J

NOTES

Vig is the input voltage at a Y or Z terminal, whichever is assigned as input.

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

1. RL=10kQ to VEEg; C| =50 pF to VEE; E = Vgs; Vis = Vpp (square-wave); see Fig. 8.

2. R_=10k&; C =50pF to VEE; E = Vgs; Ap = Vpp (square-wave); Vis=Vpp and R|_to VEE
for tpH; Vis= VEEg and R|_to Vpp for tpy| ; see Fig. 8.

3. RL=10k&; C_=50pF to Vgg; E =Vpp (square-wave);
Vis=Vppand R|_to Vgg for tpyz and tpzH;
Vis=VEgg and R|_to Vpp for tp 7z and tpz| ; see Fig. 8.

4. R =10k&Q; C|_= 15 pF; channel ON; Vis="2 VDD(p-p) (sine-wave, symmetrical about %2 Vpp);
fis = 1 kHz; see Fig. 9.

5. R =1k&Q; Vis="% Vpp(p-p) (sine-wave, symmetrical about 2 Vpp);

Vos .
20 log T = —50 dB; see Fig. 10.

is =

6. R =10 k& to VEg; C =15 pF to VEg; E or A = Vpp (square-wave); crosstalk is lVos l (peak
value); see Fig. 8.

7. RL=1kQ; CL =5 pF; channel OFF; Vjs =% Vpp(p-p) (sine-wave, symmetrical about %2 Vpp);

Vos .

20 log Vo = —50 dB; see Fig. 9.
is

8. R =1k&; C_=5pF; channel ON; Vig="2 VDD(p»p) (sine-wave, symmetrical about %2 Vpp);

Vos .
20 log — = —3 dB; see Fig. 9.
Vis
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MSI
Vis
Ao
A1
Vos Vis Vos
E —O!
RL CL
VEE
7274586.1
Vee 7274584
Fig. 8. Fig. 9.
Vi v

channel
OFF

channel
OFF

7274583

(a) (b)
Fig. 10.

APPLICATION INFORMATION

Some examples of applications for the HEF4052B are:
® Analogue multiplexing and demultiplexing.

® Digital multiplexing and demultiplexing.

® Signal gating.

NOTE

If break before make is needed, then it is necessary to use the enable input.
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HEF4053B
'S

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 (Yg and Y1), a common
input/output (Z), and select inputs (S,). Each also contains two-bidirectional analogue switches, each
with one side connected to an independent input/output (Yg 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 Sp,. With E HIGH, all
switches are in the high impedance OFF-state, independent of Sp to Sc.

Vpp and Vgg are the supply voltage connections for the digital control inputs (Sp to Sg and E).
The Vpp to Vgg range is 3 to 15 V. The analogue inputs/outputs (Y, Y1 and Z) can swing between
Vpp as a positive limit and Vg as a negative limit. Vpp—VEgE may not exceed 15 V.

For operation as a digital multiplexer/demultiplexer, VEE is connected to Vgg (typically ground).

16
Vbbp
ZA|14
Y1a]13
||
11/SA
L] Yoa|12
ZB|15
. _ ) 10{SB Y181
Fig. 1 Functional diagram. -
LOGIC |
LEVEL DECODER
CONVERSION Yog|2
9|Sc i
Zc|a
| Yic|s
SIE 4 |
Yoc|s
I
[
Vss VEE
FAMILY DATA 8 7 7269539.4

Ipp LIMITS category MSI

see Family Specifications
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HEF4053B

MSI
16] 1] [14] [13] [r2] [11] [10] [9 PINNING
Voo Zg Za Yia Yon Sa Sg S
e = A TR m SR SERE Yoa to Yoc independent inputs/outputs
3 HEF4053B Yiato Y1 independent inputs/outputs
Yig Yos Yic Zc Yoc E Vee Vss SA to S¢ select inputs
3 1 326950‘: E enable input (active LOW)
Fig. 2 Pinning diagram. Zpto Z¢ common inputs/outputs
HEF4053BP(N): 16-lead DIL; plastic
(SOT38-1)
HEF4053BD(F): 16-lead DIL; ceramic (cerdip)
(SOT74)
HEF4053BT(D): 16-lead SO; plastic
(SOT109-1) A
(): Package Designator North America
b_I:-_‘*VDD le_ e Vpp -
\%
EE Z,

i>0 ' 7282376.1

Fig. 3 Schematic diagram (one switch).

FUNCTION TABLE

inputs channel
ON
E | 8q
L | L Yon—2n H = HIGH state (the more positive voltage)
L | H Y1n—Zn L = LOW state (the less positive voltage)
H | X none X = state is immaterial
RATINGS

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

Supply voltage (with reference to Vpp)

NOTE

VEE —18t0o+0,5 V

To avoid drawing Vpp 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 Vpp 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 Vpp or VEE.
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Triple 2-channel analogue multiplexer/demultiplexer

HEF4053B
MsI

SpA —

LEVEL
CONVERTER

o
NEs

ﬁ@r

S¢ —

A

vy

Fig. 4 Logic diagram.
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HEF4053B
msI

D.C. CHARACTERISTICS

Tamb =25 °C
VDDQVEE symbol typ. max. conditions
5 350 2500 Q = .
ON resistance 10 RON 80 245 ©Q J :/e':ﬁg * Voo-VEE
15 60 175 Q
5 115 340 Q l
ON resistance 10 RON 50 160 Q 'SFI 6
15 2 115 o | )*ere
5 120 365 Q
= -V
ON resistance 10 RON 65 200 Q } :/e'jH:%D Rk
15 50 155 Q
"A" ON resistance 5 25 - Q
between any two 10 ARQN 107 - Q 1 Vis ;‘0 tg VoD VEE
channels 15 5 - Q J g
OFF-state leakage 5 - - nA
current, all 10 lozz - - nA } atVpp
channels OFF 15 — 1000 nA
OFF-state leakage 5 - - nA
current, any 10 lozy - = A ] E at Vgg
channel 15 = 200 nA
7284306
15
VbD—Vss
(V)
10 perating area
5
0
0 5 10 15
Vpop—Vee (V)

Fig. 5 Operating area as a function of the supply voltages.
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Triple 2-channel analogue multiplexer/demultiplexer

HEF4053B

MSI
HIGH o Dc
(from address inputs)
Yn I > <
>
Vis=0to Vpp— VEE lis=200pA
Vss= VEE
JZ 7274582.2
Fig. 6 Test set-up for measuring Rgn.
7282373

400
Ron
(£2)
300 T Vpp=5V

|

|

|
200

\
\
100 10V Fig. 7 Typical Rgp as a function of input
N L voltage.
] h 15V
— lis = 200 uA
Vgs=Vgg =0V
0
0 5 10 Vis (V) 15
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HEF4053B

msI

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

VI\D/D typical formula for P (uW)
Dynamic power 5 2500 fj + Z(foC) x Vpp?
dissipation per 10 11500 f; + Z(fo,CL) x Vpp?
package (P) 15 29000 fj + Z(foC) x Vpp*?

where

f; = input freq. (MHz)

fo = output freq. (MHz)
C| = load capacitance (pF)
2Z(foCL) = sum of outputs
Vpp = supply voltage (V)

A.C. CHARACTERISTICS
VEg =Vss =0V; Tamp = 25 OC; input transition times < 20 ns

V'\D/D symbol | typ. max.
Propagation delays
Vis — Vs 5 10 20 ns l
HIGH to LOW 10 tPHL 5 10 ns note 1
15 5 10 ns | J
5 15 30 ns ]
LOW to HIGH 10 tpLH 5 10 ns note 1
15 5 10 ns J
Sh — Vg 5 200 400 ns l
HIGH to LOW 10 tPHL 86 170 ns note 2
15 65 130 ns J
5 275 b5 s l
LOW to HIGH 10 tPLH 100 200 ns note 2
15 65 130 ns J
Output disable times
E — Vs 5 200 400 ns )
HIGH 10 tpHZ 115 230 ns J note 3
15 110 220 ns
5 200 400 ns
LOW 10 tpLz 120 245 ns } note 3
15 110 215 ns
Output enable times
E — Vos 5 260 525 ns
HIGH 10 tpzH 95 190 ns } note 3
15 65 130 ns
5 280 565 ns
LOw 10 tpzL 105 205 ns ] note 3
15 70 140 ns
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Triple 2-channel analogue multiplexer/demultiplexer HEF4053B
MsI

A.C. CHARACTERISTICS
VEE =Vgs =0V; Tymp = 25 OC; input transition times < 20 ns

V[\:’/D symbol | typ. max.
Distortion, sine-wave 5 0,25 %
response 10 0,04 % note 4
15 0,04 %
Crosstalk between 5 = MHz
any two channels 10 1 MHz 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

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

1. RL =10k to Vgg; C| =50 pF to VgE; E = Vgs; Vis = Vpp (square-wave); see Fig. 8.

2. R =10k%; C|_=50 pF to VEE; E= Vgs: Sp = Vpp (square-wave); Vis= Vpp and R|_to VEE
for tp H; Vis= VEEg and R_to Vpp for tpy|_; see Fig. 8.

3. R =10k&; C| =50 pF to Vgg; E = Vpp (square-wave);
Vis=Vpp and R|_to Vgg for tpyz and tpzH;
Vis=VEgg and R|_to Vpp for tp| 7 and tpz| ; see Fig. 8.

4. R =10k&; C|_= 15 pF; channel ON; Vis =" VDD(p—p) (sine-wave, symmetrical about %2 Vpp);
fis = 1 kHz; see Fig. 9.

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

Vos B
20 log Vi = —50 dB; see Fig. 10.

is =
6. R_=10k& to VEg; CL =15 pF to VEE; E or S, = Vpp (square-wave); crosstalk is I Vos | (peak
value); see Fig. 8.
7. RL=1k&; C|_ =5 pF; channel OFF; Vjs =% Vpp(p.p) (sine-wave, symmetrical about %2 Vpp);
\%
20 log V—°s = —50 dB; see Fig. 9.
is
8. R|_=1kQ; CL =5 pF; channel ON; Vis =% Vpp(p-p) (sine-wave, symmetrical about %2 Vpp);

Vos y
20 log — = —3 dB; see Fig. 9.
Vis
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MSI
Sp —
SB e ——
Sc — Vis Vos
E—O
VEE
7274588.1 v
EE 7274584
Fig. 8. Fig. 9.
Vis Vos

channel
OFF

channel

channel R L
ON

OFF

VEE VEE 7274583

(a) (b)
Fig. 10.

APPLICATION INFORMATION

Some examples of applications for the HEF4053B are:

® Analogue multiplexing and demultiplexing.

® Digital multiplexing and demultiplexing.

® Signal gating.

NOTE

If break before make is needed, then it is necessary to use the enable input.
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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.

4 |5 |6 22 21 |20 |19 18 |17 |16 [15 1019 |8 |7 7284351.1
Jy 2 Y3 [a Js |V6 |7 |'8 Jg 1011 [h2 13 14 15 [Y1e
preset enable
r PRESETTABLE LOGIC l<———
p— —— — —— — o e e —t —— — i Sl e e e |
Y DOV A SN O O I S O T [
——++{-—-—1 11—t~
v v 3 v v v v ¥ | | 1
1. 0 |, [
1st INTERMEDIATE COUNTING SECTION 5th
1[{CP| COUNTING | | |_,| COUNTING
SECTION SECTION
+10,8,5,4,2 +10 +10 +10 +1,2,2,4,8
»| DETECTION S — I I 3 I
b —— e e e |
L
14| Ka _—l
K —»
13| Kb MODE | PREsET SUFHTT
1] Ke SELECTION ENABLE STAGE j

I [
Vbp Vss EL 0
l2a |12 2 23

Fig. 1 Functional block diagram.

2] [ [72] [27] [0] [is] [i8] [i7] o] [i5] [ra) i3 NVING

Voo O Js Jg J7 Jg Jg Jdio 411 d12 Ka Kp| CP clock input -
Ka, Kp, K¢ mode select inputs

D) HEF40598 JitoJig programmable jam inputs (BCD)
EL latch enable input

CP_EL Jq Jp J3 Jg Jig Jd1s J1a 13 K¢ Vss divide-by-n output

L] (2] (3] [a] [s] [e] [21 [8] Lo fro] [1a] [n2]

7284353

HEF4059BP(N): 24-lead DIL; plastic (SOT101-1)

Fig. 2 Pinning diagram. HEF4059BD(F): 24-lead DIL; ceramic (cerdip) (SOT94)
HEF4059BT(D): 24-lead SO; plastic (SOT137-1)
FAMILY DATA | (): Package Designator North America

see Family Specifications
Ipp LIMITS catagory LSI
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HEF4059B
LS

The three mode selection inputs K, Ky and K¢ 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 K3, K, and K are set to HIGH. In this case input J1 is used to
preset the first counting section and Jo to J4 are used to preset the last (5th) counting section.

If + 10 mode is desired for the first section, K5 is set HIGH, K, to HIGH and K 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 Jg 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 the n 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 = .
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 Jg U5 Jg J7 Jg Jg J1o0 J11 12 413 J1a Jis Jis
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

LSl

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
Kp and K¢ 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 Ky and K¢ 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 K = L and K¢ = 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.

-~ TUUUU U UUUUL

K¢ INPUT
(K, Ky = LOW)

internal state
of counter

O OUTPUT

7284352
Fig. 3 Total count of 3.

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 K, = L, Kp = H, K¢ = L and 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.

l ' January 1995
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FUNCTION TABLE

latch mode first counting last counting colnter
enable select section section van
input inputs decade 1 decade 5 ge
operation

max. |jam - max. |jam -
LE Ka | Kp | K¢ |mode | preset |inputs glwde preset | inputs 5133 ::Z:ry

state |used Y state |used : oy
H H H H |2 1 Jq 8 7 JoJ3Jgq | 15999 | 17331
H L H H (4 3 Jido 4 3 J3Jg 15999 | 18663
H H L H |5 4 J1JaJ3 2 1 Jg 9999 | 13329 |timer mode
H L |[L |H |8 7 Jidodz |2 1 Ja 15999 | 21327
3] H [H |L |10 |9 J1JoJ3Jg [ 1 0 = 9999 [ 16659
L H H H |2 1 Jq 8 7 JoJ3Jq (15999 | 17331
L. L H H |4 3 Jido 4 3 J3Ja 15999 | 18663
I H I H |5 4 J1JaJ3 2 1 Ja 9999 | 13329 | . . i
L L L [A8 |7 [dada |2 |1 |Ja  |15099 | 21327 | ivide-by-n mode
L H H L |10 9 J1dad3dg | 1 0 — 9999 | 16659
H L H L |10 9 J1dadzg | 1 0 - 9999 | 16659
L L |H |L preset inhibited preset inhibited 2‘6‘%%0 = 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 (Kp = K¢ = logic 0) in order to correctly
initialize the device prior to start up.

DC CHARACTERISTICS Vgg =0V

v symbol 40 |+25 | +85 un|tr
min. | min. | min.
Output (sink) 4,75 2.7 23 18| mA |Vo= 04V;V|=00r475V
current LOW 10 |loL 9,5 8 63| mA |Vpo= 05V;V|=00r10V
15 24 20 16 mA |Vg= 15V;V|=00r15V
Output (source) 5 0,8 0,7 05| mA |Vg= 46V;V|=00r 5V
current HIGH 10 |[—loH 24 | 2 16| mA |[Vo= 95V;V;=00r10V
15 8,4 7 56 | mA |Vo=135V;V|=00r15V
Output (source)
current HIGH 5 |—-loy 2,4 2 16| mA (Vo= 25V;V|=00r 5V
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Programmable divide-by-n counter

HEF4059B

LslI

A.C.CHARACTERISTICS

Vss =0 V; Tampb = 25 OC; input transition times <20 ns

Vbp
Y,

typical formula for P (uW)

Dynamic power
dissipation per
package (P);n=3

n = 1000

5
10
15

5
10
15

1100 f; + Z(f,CL) x Vpp?
5500 f; + Z(foC) x Vpp?
15000 f; + Z(fo,C) x Vpp?
500 f; + Z(f,C) x Vpp?
3500 f; + Z(foC) x Vpp?

9000 f; + Z(f,CL) x Vpp?

where

f; = input freq. (MHz)

fo = output freq. (MHz)
CL = load capacitance (pF)
2(foCL) = sum of outputs
Vpp = supply voltage (V)

A.C. CHARACTERISTICS

Vgs =0 V; Tamp = 256 OC; C|_ = 50 pF; input transition times < 20 ns

\ ; typical extrapolation
DD yp p
Vv symbol [ min. typ. max. formula
Propagation delays 5 90 180 ns |78ns+ (0,25 ns/pF) C
CP == Q 10 tPHL 45 90 ns |40ns+ (0,10 ns/pF) C|_
HIGH to LOW 15 35 70 ns |32ns+ (0,07 ns/pF) C_
5 100 200 ns |76 ns+ (0,48 ns/pF) C
LOW to HIGH 10 tPLH 50 100 ns |40ns+ (0,20 ns/pF) C_
15 40 80 ns |[33ns+(0,15ns/pF) C_
Output transition
times 5 30 60 ns 10 ns + (0,40 ns/pF) C_
HIGH to LOW 10 | tTHL 15 30 ns 6 ns + (0,18 ns/pF) C|_
15 10 20 ns 4 ns+ (0,13 ns/pF) C_
5 45 90 ns 10 ns + (0,70 ns/pF) C_
LOW to HIGH 10 tTLH 25 50 ns 9 ns + (0,33 ns/pF) C_
15 16 32 ns 5 ns + (0,23 ns/pF) C|_
Maximum clock 5 35 7 MHz
pulse frequency 10 fmax 1.5 15 MHz
156 10,0 20 MHz
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HEF4060B
MSI

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, RT¢ and Ct¢), 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 011 to 013 = LOW), independent of other input conditions.

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

times.

10 9
Rre “ig
11|Rs
DO—‘L-DO—JW cp 14—STAGE BINARY COUNTER
[ Co
12[MR
O3 |94 |95 [Og |07 |Og [Og |O11 [097 |O43

7 5 4 6 14 |13 [15 |1 2 3

7284437.1
Fig. 1 Functional diagram.
16] [15] [14] [13] [12] [11] [io] [o] RIS
Vv 0 05 O MR. RS R C MR .naster reset
ol = g £ T ™~Te RS clock input/oscillator pin
:) HEF4060B RTe oscillator pin
Cte external capacitor connection
0310 Og
049 042 043 O5 04 Og O3z Vgg Oy 46013 }counteroutputs

L] [2] [8] [af [s] (6] [7] [e]

7284432

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 l
. see Family Specifications
Ipp LIMITS category MSI ‘
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A

FF
14

FF
12

Fig. 3 Logic diagram.




14-stage ripple-carry binary counter/divider and oscillator HEF4060B

MSI
A.C. CHARACTERISTICS
Vgs =0 V; Tamp =25 °C; C_ =50 pF; input transition times < 20 ns
VpD : typical extrapolation
Vv symbol |min. typ. max. Sarinula
Propagation delays
RS — O3 5 210 420 ns 183 ns + (0,55 ns/pF) C|_
HIGH to LOW 10 | tpyL 80 160 ns 69 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns+ (0,16 ns/pF) C_
5 210 420 ns 183 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 80 160 ns 69 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns+ (0,16 ns/pF) C_
On — Op+1 5 25 50 ns
HIGH to LOW 10 | tpHL 10 20 ns
15 6 12 ns
b 25 50 ns
LOW to HIGH 10 |tpLH 10 20 ns
15 6 12 ns
MR —s Op, 5 100 200 ns | 73ns+ (0,55 ns/pF) C|_
HIGH to LOW 10 | tpHL 40 80 ns 29 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C_
Output transition 5 60 120 ns 10 ns+ (1,0 ns/pF) C_
times 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) C
HIGH to LOW 15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns+ (1,0 ns/pF) C_
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Minimum clock pulse 5 120 60 ns
width input RS 10 |[twRrsH | 50 25 ns
HIGH 15 30 15 ns
Minimum MR pulse 5 50 25 ns
width; HIGH 10 |[twmRH | 30 15 ns
15 20 10 ns
Recovery time 5 160 80 ns
for MR 10 |[tRMR 80 40 ns
15 60 30 ns
Maximum clock pulse 5 4 8 MHz
frequency input RS | 10 | fjax 10 20 MHz
15 15 30 MHz
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A.C.CHARACTERISTICS
Vgg =0 V; Tamp = 25 OC; input transition times < 20 ns

V?/D typical formula for P (uW)*

Dynamic power dissipation | 5 700 f; + f,CLVpD?
per package 10 3300 fj + foCLVpD?
(P) 15 8900 f; + foCLVpp?

Total power dissipation 5 700 fosc + foCLVDD? + 2CtVpD*fosc + 690 Vpp
when using the 10 3300 fose + foCLVDD? + 2CtVpp?fosc + 6900 Vpp
on-chip oscillator (P) 15 8900 fosc + foCLVDD? + 2CtVpD2fosc + 22000 Vpp

* where:
f; = input frequency (MHz)
fo = output frequency (MHz)

CL = load capacitance (pF)
Vpp = supply voltage (V)

C¢ =timing capacitance (pF)
fosc = oscillator frequency (MHz)
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14-stage ripple-carry binary counter/divider and oscillator HEF4060B

MSI
RC oscillator
MR (from logic) HEF 40608
_11]as jo—r——Doﬁ_
g Crc
10 9 Typical formula for oscillator
frequency:
c2 R2 R, ol Gy 1

Fog S
08¢ 2,3 x Ry x Gy

l/ 7284434

Fig. 4 External component connection for RC oscillator.

Timing component limitations

The oscillator frequency is mainly determined by R{C¢, provided Ry << R2 and R2C2 << RCt. 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. R must be larger than the LOCMOS
‘ON’ resistance in series with it, which typically is 500 £2 at Vpp =5V, 300 2 at Vpp = 10 V and
200 Q at Vpp =15 V.

The recommended values for these components to maintain agreement with the typical oscillation
formula are:

C¢ = 100 pF, up to any practical value,
10k < R¢<1MQ.

Typical crystal oscillator circuit

In Fig. 5, R2 is the power limiting resistor. For starting and maintaining oscillation a minimum

transconductance is necessary. — .
MR (from logic)

L HEF 40608
11|Rs Do«—

Rtc
10
R bias
Jrm=———=—y
—
100kS2 to 1MQ2
R2
2,2k
1
IUF l
4222 to
C37¢.— 37 pF C2 100 pF
Fig. 5 External component connection for
crystal oscillator.
4 7284433

w ﬂnuary 1995
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Rpias = 560k
il
SD
0,47 ‘ll—F—‘ input : | output ‘1_()'0“':
Vi\l "
(f = 1kHz) :1 i
o - Vss

7284363

Fig. 6 Test set-up for measuring forward transconductance g¢s = dig/dv; at v, is constant (see also
graph Fig. 7); MR = LOW.

7284364
10 Curves in Fig. 7:
9fs BLA A: average
¥
(mA/V) B: average + 2s,
C: average —2 s, in where:
‘s’ is the observed standard
75 5 deviation.
/
/|
5 o
I )4
7
/
25
/
/
/
T
00 5
W s 15 15

Fig. 7 Typical forward transconductance g¢g as
a function of the supply voltage at Tymp = 25 ©C.
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14-stage ripple-carry binary counter/divider and oscillator HEF4OSOB

Mmsi
108 7290177
‘\
fosc N
(Hz) N
N iy
104 ™
N
e
Nt \\
N N
N
N,
N
\\\
102 N
10
108 104 105 Rg (@) 108
10~4 1073 1072 ey uEy 1077

Fig. 8 RC oscillator frequency as a function of Ry and CiatVpp =510 15 V; Tymp = 25 °C.

Cy curve at Ry = 100 k2; R2 = 470 kS2.
Rt curve at Cy = 1 nF; R2=5R;.

8 7290175
Afose |t 15V
(%) et
== e e e |15V
=T T 10V
0——- e | —|— —— == |10V
1 ===
e = T ——"| N (SO (NN WSS [P EEP Mupu ISR W SN PR R 1V
____————-—"—
-4
5V
-8 T
f"T
/
/
==
—-12
—-50 0 50 100 T (c) 150

Fig. 9 Oscillator frequency deviation (Afyg.) as a function of ambient temperature; referenced at: f
at Tamp =25°Cand Vpp =10 V.

Rt =100k&;Cy=1nF; R2=0.
— ——R¢=100k&; C; =1 nF; R2 =300 k2.

osc
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HEF4066B

gates

QUADRUPLE BILATERAL SWITCHES

The HEF4066B has four independent bilateral analogue switches (transmission gates). Each switch has
two input/output terminals (Y/Z) and an active HIGH enable input (E). When E is connected to Vpp
a low impedance bidirectional path between Y and Z is established (ON condition). When E is
connected to Vgg the switch is disabled and a high impedance between Y and Z is established (OFF

condition).

The HEF4066B is pin compatible with the HEF4016B but exhibits a much lower ON resistance. In
addition the ON resistance is relatively constant over the full input signal range.

liz |4

|12 11 16| J13] fr2| 11| J1o] [9] |8

Eo [Yo |E1 |Y1 [E2 [Y2 |E3 |Y3 Voo Eo E3 Y3 Z3 Z; Y,
) HEF4066B

Yo Zo Zy Yy Eq Ej Vsg

Fig. T Functional diagram.

PINNING

Eq to E3 enable inputs

Y to Y3 input/output terminals

Zp to Z3 input/output terminals

Zp Z4 Z7 Z3 T2 3] L] 15T [e] 17
2 3 9 10 7269712
7269571.2

Fig. 2 Pinning diagram.

HEF4066BP(N): 14-lead DIL; plastic (SOT27-1)
HEF4066BD(F): 14-lead DIL; ceramic (cerdip) (SOT73))
HEF4066BT(D): 14-lead SO; plastic (SOT108-1)

(): Package Designator North America

APPLICATION INFORMATION
An example of application for the HEF4066B is:
® Analogue and digital switching

Yn

En —DC

L

>So—

Wy =
,__]% DDF:[_J

jJ Voo

B
i

Vss

Z, 7274626.2

Fig. 3 Schematic diagram (one switch).
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gates
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Power dissipation per switch P max. 100 mW
For other RATINGS see Family Specifications
D.C. CHARACTERISTICS
Tamb =25°C
VBD symbol | min. typ. max. conditions
5 - 350 2500 & I EnhatVpp
ON resistance 10 | Ron — 80 245 Q . Vis=VsgtoVpp
15 - 60 175 9 J see Fig. 4
5 - 115 340 Q l EnatVpp
ON resistance 10 | RoN - 50 160 Q Vis=Vss
15 N 0 115 Q | see Fig. 4
5 - 120 365 Q l Enhat Vpp
ON resistance 10 Ron — 65 200 Q@ Vis=VDD
15 — 50 155 Q J see Fig. 4
‘A" ON resistance 5 = 25 - Q l EnhatVpp
between any two 10 | ARgn | — 10 - Vis=Vgs to Vpp
channels 15 — 5 - Q J see Fig. 4
OFF state leakage b — - - nA l
current, any 10 loz — - — nA En at Vgg
channel OFF 15 — - 200 nA J
Ep, input voltage 5 - 2,25 1V o
LOw 10 |viL |- 450 2 v | ;g‘e F:O SA
15 - 875 2V J 9
Vpp | symbol Tamb (°C) conditions
Y —-40 +25 +85
max. max. max.
Quiescent device 5 1,0 1,0 75 uA [ Vgg = 0; all valid
current 10 |lIpp 2,0 2,0 150 wA input combinations;
156 40 40 300 wA J V|=VggorVpp
Input leakage
current at Ep, 15 | +1N - 300 1000 nA Enat Vggor Vpp

386
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Quadruple bilateral switches HEF4066B

gates
En __Do_ o
VbD
Yn | >
] Zp
Vis = Vss to Vpp [ | lis=200 uA
7}/ L
7 7274577.2
Fig. 4 Test set-up for measuring Rop.
7282373
400
Ron
() ra\
300 ] Vpp=5V
|
|
200 . . . .
\ Fig. 5 Typical Rgp as a function of input voltage.
\ EnhatVpp
/ A\, lis =200 pA
100 10V Vgg =0V
I i . | |
il b 15V
-
0
0 5 10 Vig (V) 15
NOTE

To avoid drawing Vpp 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 Vpp 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 Vpp or Vgs.

\ (January 1995
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gates

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

VVDD symbol typ. max.
Propagation delays
Vis — Vog 5 10 20 ns 1
HIGH to LOW 10 tPHL 5 10 ns note 1
15 5 10 ns | J
5 10 20 ns
LOW to HIGH 10 tPLH 5 10 ns ] note 1
15 5 10 ns
Output disable times
En — Vs 5 80 160 ns ,
HIGH 10 tpHZ 65 130 ns ! note 2
15 60 120 ns | J
5 80 160 ns l
LOW 10 tpLz 70 140 ns note 2
15 70 140 ns |
Output enable times
En — Vs 5 40 80 ns 1
HIGH 10 tpzH 20 40 ns note 2
15 15 30 ns |
b 45 90 ns ]
LOW 10 tpzL 20 40 ns » note 2
15 15 30 ns J
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 note 4
15 - MHz J
Crosstalk; enable 5 — mV 1
input to output 10 50 mV note 5
15 - mV J
OFF-state 5 - MHz l
feed-through 10 1 MHz note 6
15 - MHz | J
ON-state frequency 5 = MHz 1
response 10 90 MHz note 7
15 — MHz J
VoD typical formula for P (uW) wihigre
\ f; = input freq. (MHz)
i fo = output freq. (MHz)
Dynamic power 5 800 fj + Z(foCL) x Vpp? C| = load capacitance (pF)
dissipation per 10 3500 fj + Z(foCy ) x Vpp? Z(foCL) = sum of outputs
package (P) 15 10100 f; + Z(f,CL) x Vpp? Vpp = supply voltage (V)

388
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Quadruple bilateral switches HEF4066B

gates

NOTES

Vs is the input voltage at a Y or Z terminal, whichever is assigned as input.
Vs is the output voltage at a Y or Z terminal, whichever is assigned as output.
1. RL =10k to Vgg; C| =50 pF to Vgg; Enh = Vpp: Vis = Vpp (square-wave); see Figs 6 and 10.
2. R_=10k&; C| =50 pF to Vgg; E, = Vpp (square-wave);
Vis = Vpp and R|_ to Vgg for tpyz and tpzH;
Vis = Vggand R|_to Vpp for tp| 7 and tpz| ; see Figs 6 and 11.
3. RL=10k&; C_=15pF; En = Vpp; Vis= " VDD(p-p) (sine-wave, symmetrical about % Vpp):
fis = 1 kHz; see Fig. 7.
4. R =1kQ; Vis =" Vpp(p-p) (sine-wave, symmetrical about %2 Vpp);
Vos (B
5. R =10k to Vgg; C|_ = 15 pF to Vggs; E = Vpp (square-wave); crosstalk is IVos I (peak value);
see Fig. 6.
6. RL=1kQ;C_=5pF; Ep = Vgs; Vis= % Vpp(p-p) (sine-wave, symmetrical about %2 Vpp);

20 log

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

Vos .

20 log T = —50 dB; see Fig. 7.
is

7.RL=1kQ; C=5pF; Ey = Vpp: Vis =% VpD(p-p) (sine-wave, symmetrical about %2 Vpp);

Vv
20 log i . —3dB; see Fig. 7.
Vis

En—Do—~ RL J'CL

7274581.2

Fig. 6.

SENNES

7274579.1

RL CL

Vss

Fig. 7.
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HEF4066B
gates

Vis (A) D
En (A) —[>o—~»—>

(a)

switch A switch B

Vos (B)

wn o>

ol RL RL

Vss
Vss (b) 7274590.2

Fig. 8.

3 _{><>J—[>O_D|4

S 5

7279896

Fig. 9.
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Quadruple bilateral switches HEF4066B
gates
20ns 20ns
\Y
fQO% Db
V.
18 50%
10% Vss
Vos 50%
. ~—tp| H =i TpgL, -
7279897
Fig. 10 Waveforms showing propagation delays from Vs to V.
20ns 20ns
Vv
Z» 90% e
10% Vgs
90%
Vos (1)
10%
- -— tpzZH — tPHZ R
90%
Vos (2)
10%
= -— tpzL === Yp| 7 |=e= 7279898

(1) Visat Vpp:; (2) Vjs at Vgs.

Fig. 11 Waveforms showing output disable and enable times.

\ ' January 1995
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HEF4067B
sl

16-CHANNEL ANALOGUE MULTIPLEXER/DEMULTIPLEXER

The HEF4067B is a 16-channel analogue multiplexer/demultiplexer with four address inputs (Ag to
A3), an active LOW enable input (E), sixteen independent inputs/outputs (Yq to Y 15) and a common

input/output (Z).

The device contains sixteen bidirectional analogue switches, each with one side connected to an
independent input/output (Yq to Y 15) and the other side connected to the common input/output (Z).

With E LOW, one of the sixteen switches is selected (low impedance ON-state) by Ag to Az. All
unselected switches are in the high impedance OF F-state. With E HIGH all switches are in the high

impedance OF F-state, independent of Ag to A3.

The analogue inputs/outputs (Yq to Y15 and Z) can swing between Vpp as a positive limit and Vgg as
a negative limit. Vpp to Vgg may not exceed 15 V.

. Yo|9
10 0 Y1 8
ST
l Y3le_
11]A1 { Yals_
| Ysl4_
l Y6|3
1a]A2 } Yil2_
1 Yg|23
Y
1-0f-16 : 19122
13|A3| DECODER , Y1o0[21
Y
Fig. 1 Functional diagram. I 11120
: 12|19
| "13[18
! a1z
'l__ Y15]16
|
z]1
J51E o
FAMILY DATA i

Ipp LIMITS category MSI
see Family Specifications

W | January 1995
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HEF4067B

MSI
24]_J23|_Jj22| J21) J20] Ji9] J8[ J17[ N6l 5[ 14l ISl HEF4067BP(N): 24-lead DIL; plastic
Voo Ys Yo Yio Yn Yiz Vi3 Yiu Yis E Ay Ag (SOT101-1)
HEF4067BD(F): 24-lead DIL; ceramic (cerdip)
D) HEFL0678 SOTo4)
Z Y7 Yg Ys Yo Yz Y2 Yy Yo Ag Aq Vss HEF4067BT(D): 24-lead SO; plastic
1T 12] 3] L&l 5] 18] 7] (&] 1] Dol [ Lz (SOT137-1) _
22738931 ( ): Package Designator North America
Fig. 2 Pinning diagram.
PINNING
Yo to Y15 independent inputs/outputs
Apto A3  address inputs
E enable input (active LOW) Yn

Z common input/output

L == e
T2 o0 il i Yoo

=

Vss
Zn
7282379.1
Fig. 3 Schematic diagram (one switch).
FUNCTION TABLE

inputs channel
E | A3 [A2 |A1 |Ag ON
LiIL]L|LIL]|Yg=2
LIEILIL{H | ¥-—2
8 L L. H L | Yo—Z
5 L L H|H|Y3—Z
LI{L{HIL|L |¥%=2
L|L|H|L|H|Ys—2
LiL|HIHI]LI!Yg=2
L|L|H]JH|H]|Yy-=-2
L|H|L|L]|L|Yg—Z
LIH|L|L]IH]|Yg—2Z
LIHJL|H]L/|Y0-2
L{H|L|H|[H|Y)1-2
LIH|H|L|L]|Y2-2Z
L|H[H|L|H|Y3-2
LIHJH[H|L|Ya=2 H = HIGH state (the more positive voltage)
LIHIH|HI]H|Ys—2 L = LOW state (the less positive voltage)
H| X | X ]| X ]| X none X = state is immaterial
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16-channel analogue multiplexer/demultiplexer

HEF4067B
sl

e >o—{>o

Fig. 4 Logic diagram.

Yo

—VY

iy

e AV

—

— Y5

—_—

=——Y{

==Y{q

——Y{2

—Y13

e

7273883.2

W (January 1995
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HEF4067B
msl

D.C. CHARACTERISTICS

Tamb =25 °C
V\'?D symbol typ. max. conditions
5 350 2500 Q -
ON resistance 10 | Ron 80 245 Q } Vi~ Vss 1o VDD
15 60 175 Q o
5 115 340 Q Vie=V
ON resistance 10 RoN 50 160 }seles Fig SSS
15 40 115 Q '
5 120 365 Q Vie=V
ON resistance 10 | Ron 65 200 Q } s Fig =
15 50 156 & i
A’ ON resistance 5 25 — Q =
Vis=VggtoV
between any two 10 ARQON 10 = Q 1 seles Fig.Sss e
channels 15 5 — Q J
OFF-state leakage 5 - - nA _
current, all 10 lozz — - nA } EatVpp
channels OFF 15 = 1000 nA
OFF-state leakage b — - nA _
current, any 10 lozy - === nA } E at Vgg
channel 15 = 200 nA
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16-channel analogue multiplexer/demultiplexer HEF4067B

MSI
HIGH
(from address inputs) e o
Yn
Zn
Vis=Vssto Vpp
lis=200pA
Vss
’J’ 7274591.2
Fig. 5 Test set-up for measuring Rop-
7282373

400
Ron
()

|

|

|
200

\
/ \
100 ' 10V
AN |
= N 15V
peeet="1 I~ Fig. 6 Typical Rop as a function of input
voltage.
0 lis =200 uA
0 5 10 v (v) 15 Vgs= 0OV

NOTE

To avoid drawing Vpp 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 Vpp 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 Vpp or Vggs.
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HEF4067B
MsI

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

where
f; = input freq. (MHz)
fo = output freq. (MHz)

VVDD typical formula for P (uW)

Dynamic power 5 1100 f; + Z(f,CL) x Vpp?® C = load capacitance (pF)
dissipation per 10 5000 f; + Z(f,C) x Vpp? 2(foCL) = sum of outputs
package (P) 15 13300 fj + Z(f,CL) x Vpp? Vpp = supply voltage (V)

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

V\I?D symbol typ. max.
Propagation delays
Vis = Vs 5 30 60 ns |
HIGH to LOW 10 tPHL 15 25 ns }note 1
15 10 20 ns
5 25 50 ns
LOW to HIGH 10 tPLH 10 20 ns ] note 1
18 10 20 ns
Apn — Vs 5 190 380 ns
HIGH to LOW 10 tPHL 70 145 ns note 2
15 50 100 ns
5 175 345 ns
LOW to HIGH 10 tPLH 70 140 ns note 2
15 50 100 ns
Output disable times
E — Vgs 5 195 385 ns [
HIGH 10 tpHZ 140 280 ns ‘note 3
15 130 260 ns | J
b 215 435 ns ]
LOW 10 tpLz 180 355 ns note 3
15 170 340 ns J
Output enable times
E —= Vs 5 155 3156 ns [
HIGH 10 tpzH 70 135 ns note 3
15 50 100 ns | J
5 170 340 ns ]
LOW 10 tpzL 70 140 ns note 3
15 50 100 ns J
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16-channel analogue multiplexer/demultiplexer HEF4067B

MsI

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

V\‘/DD symbol typ. max.
Distortion, sine-wave 5 0,25 %
response 10 0,04 % note 4
15 0,04 %
Crosstalk between 5 — MHz 1
any two channels 10 1 MHz | 'note 5
15 — MHz J
Crosstalk; enable 5 — mV l
or address input 10 50 mV note 6
to output 15 - mV J
OF F-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

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

1

3.

.RL =10k to Vgg; C|_ =50 pF to Vgs; E = Vgs; Vis = Vpp (square-wave); see Fig. 7.
2,

RL=10k&; C| =50 pF to Vgg; E = Vgg; A = Vpp (square-wave); Vis = Vpp and R|_ to Vgg for
tpLH; Vis = Vgs and R|_to Vpp for tpy|_; see Fig. 7.

RL=10kS; C|_=50pF to Vgg; E = Vpp (square-wave);

Vis=Vpp and R|_to Vgg for tpyz and tpzH;

Vis=Vggand R|_to Vpp for tp| 7 and tpz| ; see Fig. 7.

. RL=10k&; C_= 15 pF; channel ON; Vig =" VDD(p-p) (sine-wave, symmetrical about %2 Vpp);

fis = 1 kHz; see Fig. 8.

- RL=1k&; Vijs="2 Vpp(p-p) (sine-wave, symmetrical about %2 Vpp);

Vos ,
20 log Vo = —50 dB; see Fig. 9.

is —
. RL =10k to Vgg; C|_= 15 pF to Vgg; E or A, = Vpp (square-wave); crosstalk is 'Vos l (peak

value); see Fig. 7.

. RL=1k&; C =5 pF; channel OFF; Vis =" Vpp(p-p) (sine-wave, symmetrical about 7 Vpp);

v
20 log >~ = ~50 dB; see Fig. 8.

IS
. RL=1k&; C_=5 pF; channel ON; Vig =" VDD(p-p) (sine-wave, symmetrical about %2 Vpp);

Vos ’
20 log — = —3 dB; see Fig. 8.
Vis
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HEF4067B
sl

0s is Vos

7274594.1 VSS 7274593

Fig. 7. Fig. 8.

channel
ON

channel
OFF

7274592

Fig. 9.

APPLICATION INFORMATION

Some examples of applications for the HEF40678B are:
® Analogue multiplexing and demultiplexing.

® Digital multiplexing and demultiplexing.

@ Signal gating.

NOTE

If break before make is needed, then it is necessary to use the enable input.
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HEF4068B

gates

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.

1] [13] [12] [11] [ro] [9e] [s
2| 1o Vom @ In Iy Iz I, nhe
31 Iy
AR O HEF4068B
5113 ol ne. Ip Iy I, I3 nc Vg
9] L =— 11 12 13] 1&] 15] 18] 17
10] Is 7269506
1] Ig Fig. 2 Pinning diagram.
12) Iy
HEF4068BP(N): 14-lead DIL; plastic
(SOT27-1)
7269567 HEF4068BD(F): 14-lead DIL; ceramic (cerdip)
Fig. 1 Functional di i
9: Eliedtdm: HEF4068BT(D): 14-lead SO; plastic
(SOT108-1)

VY'Y
VYV
T

(): Package Designator North America

Ba

) et

7274499

vy
1

Fig. 3 Logic diagram.

FAMILY DATA
} see Family Specifications
Ipp LIMITS category GATES
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HEF4068B

gates

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

VbD typical extrapolation
v symbol typ.  max. P
Propagation delays
Ih— 0 5 95 195 ns 68 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 40 85 ns 29 ns + (0,23 ns/pF) C_
15 30 65 ns 22 ns + (0,16 ns/pF) C_
5 80 165 ns 53 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 35 70 ns 24 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to |.OW 10 tTHL 30 60 ns 9ns + (0,42 ns/pF) C
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH | 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
VpDp . where
Y, typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 700 f; + 2(f,C) x Vpp? C| = load capacitance (pF)
dissipation per 10 2900 f; + 2(foCp) x Vpp? 2Z(foC) = sum of outputs
package (P) 15 7200 f; + Z(foC) x Vpp? Vpp = 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.
Rl S 02
3|2 0214
- — 1] [13] [12] [11] fio] [o] [s
Voo I O Is Os I, Oy
1 R Osl6 = HEF4069UB
I, 04 I, 0O I3 O3 Vss
1T 12] (3] L&l 18] 18] L7
9] 14 Oal 7273695
Fig. 2 Pinning diagram.
11]1s Osj10
HEF4069UBP(N): 14-lead DIL; plastic
(SOT27-1)
I 0 HEF4069UBD(F): 14-lead DIL; ceramic (cerdip)
13|16 >o—° 12 (SOT73)
HEF4069UBT(D): 14-lead SO; plastic
(SOT108-1)

(): Package Designator North America
7273696

Fig. 1 Functional diagram.

Vbb

.

Vss 7284371

Fig. 3 Schematic diagram (one inverter).

FAMILY DATA

} see Family Specifications for V|/V|_ unbuffered stages
Ipp LIMITS category GATES
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HEF4069UB

gates

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

VpbD typical extrapolation
vV symbol typ.  max. P
Propagation delays 5 45 90 ns 18 ns + (0,55 ns/pF) C_
In —= Op 10 tPHL 20 40 ns 9 ns + (0,23 ns/pF) C_
HIGH to LOW 15 15 25 ns 7 ns + (0,16 ns/pF) C_
5 40 80 ns 13 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tpLH 20 40 ns 9 ns + (0,23 ns/pF) C_
15 15 30 ns 7 ns + (0,16 ns/pF) C_
Output transition times 5 60 120 ns 10 ns + (1,0 ns/pF) C|
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C|_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
VbD . where
Vv typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 600 f; + Z(f,C) x Vpp®? | CL = load capacitance (pF)
dissipation per 10 4000 f; + 2(foCL) x Vpp? | Z(foCL) =sum of outputs
package (P) 15 22000 f; + Z(fo,CL) x Vpp? Vpp = supply voltage (V)
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Hex inverter HEF4069UB

gates
g 1284367 o
Vo )
(V) (uA)
2,5 250
nik . . -
/ | Fig. 4 Typical transfer characteristics;
T —— Vi — — — Ip(drain current); Ig = 0;
/ \ Vpp=5V.
/ A
0 p A 0
- i\ 7284368 o
\
Vo '
(V) (mA)
5 I 5
I\
1
/ \
/ \\ Fig. 5 Typical transfer characteristics;
/ \ —— Vo, — — — Ipldrain current); Ig = 0;
/ Vpp = 10 V.
0 ) /7 \\ \ 0
0 5 v, (V) 10
20 7284366.1 i
(V) \\ / (mA)
b S}
10 ] \ \‘ 10
¥ \
/ \
/ \
/ \ Fig. 6 Typical transfer characteristics;
7 \ Y — Vo; — — — Ip(drain current) Ig = 0;
0 b 0 VDD =15 V.
0 10 v, (V) 20

\ | January 1995
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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.

Vbp
1/6 HEF4069UB  1/6 HEF4069UB

D A B
C}, c}--

R1 =

R2 =C1

cz'J-
Vss l

7284373

o

(a)

— VpD

} forward voltage
clamping diode

7271571

(b)

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 =T1q + To, in which

Vpp +V 2Vpp-—-V
T¢1=R1C1 |nM and T2 = R1C1 In e - a1 where
Vst Vpp — VsT
Vg is the signal threshold level of the inverter. The period is fairly independent of Vpp, VgT and
temperature. The duty factor, however, is influenced by VgT.

406

January 1995\ (



Hex inverter

HEF4069UB
gates

1MQ

1MQ 2lep|=
—} |
2 MHz

[ 2,2k82
o_a

1/6 HEF4069UB

pF ;DF

3 4

I 100 I 22 1/6 HEF4069UB

(1)

7284369

(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.

7Z284251.1

50
gain \\
(Vo/V))
typ
25
~N
P
. 15
0 . 0vop (V)

Fig. 9 Voltage gain (Vp/V)) as a function

of supply voltage.

330k&2

7284257.1
20
'bp
(mA) /
15
/.
typ)
Fi
10
5
7
/
0 e
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.

1/6 HEF4069UB
7284370

\ (January 1995
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HEF4069UB

gates

APPLICATION INFORMATION (continued)

Rbias =560k

=1

—_

Vbop

o

100 uF

0,47 uF input :ﬂ output
ples [P s
vi ~
(F = 1kHz) ﬁl

Vss

7284363

Fig. 12 Test set-up for measuring forward transconductance
gfs = dig/dv; at v is constant (see also graph Fig. 13).

7284364
10
9fs Bl
(mA/V)
75 A
A
/
/
. / >
/11
7
7
25
/
1/
/
/
0
0 5 10 VDD (V) 15

Fig. 13 Typical forward transconductance g¢g as a
function of the supply voltage at Tymp = 25 °C.

Curves in Fig. 13:

A:

B
C

average,

: average + 2s,
: 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.

||

||

P
w N

)] o

7269548

Fig. 1 Functional

diagram.

>

v

APPLICATION INFORMATION
Some examples of applications for the HEF4070B are:

® |ogical comparators

® Parity checkers and generators

FAMILY DATA

Ipp LIMITS category GATES

14 [13] [12

111 10 |9 8

Voo Is Iy

Iy Iz Ba

O, O3 Ig Is

b HEF4070B

O I3 I, Vss

1 2 3

4] |5 6 7
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

c>_____‘

Fig. 3 Logic diagram (one gate).

O— 04

7274505.1

TRUTH TABLE

I l2 | Oq

L. L L

H L H

L H H

H H L

H = HIGH state (the more
positive voltage)

L = LOW state (the less

see Family Specifications

positive voltage)

. ' January 1995
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HEF4070B

gates

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

Vbp typical extrapolation
y symbol typ.  max. P —
Propagation delays
In— Op 5 85 175 ns | 58 ns+ (0,55 ns/pF) C
HIGH to LOW | 10 tPHL 35 75 ns | 24 ns+ (0,23 ns/pF) C_
15 30 55 ns | 21 ns+ (0,16 ns/pF) C_
5 75 150 ns | 48 ns+ (0,55 ns/pF) C|_
LOW to HIGH | 10 tpLH 30 65 ns | 19ns+ (0,23 ns/pF) C_
156 25 50 ns | 17 ns+ (0,16 ns/pF) C|_
Output transition
times 5 60 120 ns | 10ns+ (1,0 ns/pF) Cp
HIGH to LOW | 10 tTHL 30 60 ns | 9ns+(0,42ns/pF) C
15 20 40 ns ' 6ns+(0,28ns/pF) C
5 60 120 ns | 10ns+ (1,0 ns/pF) CL
LOW to HIGH | 10 tTLH 30 60 ns | 9ns+(0,42ns/pF) C
15 20 40 ns | 6ns+ (0,28 ns/pF) C_
VpD g where
v typical formula for P (uW) f; = input freq. (MHz)
" fo = output freq. (MHz)
Dynamic power 5 1100 f; + Z(foCL) x VDD2 C = load capacitance (pF)
dissipation per 10 4900 f; + Z(foCL) x VDD2 Z(foCr) =sum of outputs
package (P) 15 14400 f; + Z(foCL) x Vpp Vpp = supply voltage (V)
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HEF4071B

gates

QUADRUPLE 2-INPUT OR GATE

The HEF4071B is a positive logic quadruple 2-input OR gate. The outputs are fully buffered for
highest noise immunity and pattern insensitivity of output impedance.

A
2]

6] [13] (12 1] 10| |9 8

I
Iz
I3
0
@J_ go Ig I, 0, O3 1g Is
Is
o]
Iz
0,

| or

HEF4071B

— I I Oy O I3 I, Vss
T 120131 1&] 15] 18] 12
7269507

o

Ll Fig. 2 Pinning diagram.

— |
w N

HEF4071BP(N): 14-lead DIL; plastic

7269551 (SOT27-1) ; ;
Fig. 1 Functional diagram HEF4071BD(F): 1(4é—(|)e_|a_17dsl)DlL; ceramic (cerdip)
HEF4071BT(D): 14-lead SO; plastic
(SOT108-1)

(): Package Designator North America

7275423.1

Fig. 3 Logic diagram (one gate).

FAMILY DATA

see Family Specifications
Ipp LIMITS category GATES
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HEF4071B
gates

A.C. CHARACTERISTICS
Vgg=0V; Tamp = 25 °C; C = 50 pF; input transistion times < 20 ns

VDD typical extrapolation
Vv symbol typ.  max. Finnwla
Propagation delays
In —.0p 5 55 115 ns 28 ns + (0,55 ns/pF) C_
HIGH to LOW | 10 tPHL 25 50 ns 15 ns + (0,23 ns/pF) C_
15 20 35 ns 12 ns + (0,16 ns/pF) C_
5 45 90 ns 18 ns + (0,55 ns/pF) C_
LOW to HIGH | 10 tpLH 20 45 ns 9ns + (0,23 ns/pF) C
15 15 30 ns 7 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW | 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C|_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH | 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
VbD typical formula for P (uW) where
\ fj = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1150 f; + Z(foCL) x Vpp? C_ = load capacitance (pF)
dissipation per 10 4800 f; + =(foCy) x Vpp® Z(foCL) = sum of outputs
package (P) 15 19 700 f; + =(fo,CL) x Vpp? Vpp = supply voltage (V)
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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.

2fn

k] BY)

AR O f1 1] [3]_[rz] [i7] _[io] [9] [e

ih‘ VDD 02 IB I7 ]5 15 ne.

9]l 5 HEF40728B

10] Is

—11— 17 02 E_ O] I] 12 13 IL nc. VSS

== 1] 2] 3] s (5] 18] |7

K IB 7269508
Fig. 2 Pinning diagram.

7269552

: 14- ; plasti
g1 Buniatiand] disarm, HEF4072BP(N): 14-lead DIL; plastic

(SOT27-1)

HEF4072BD(F): 14-lead DIL; ceramic (cerdip)
(SOT73)

HEF4072BT(D): 14-lead SO; plastic
(SOT108-1)

(): Package Designator North America
"o

N

O— 04

Igq —Do—l——
7275427.1

Fig. 3 Logic diagram (one gate).

FAMILY DATA |

see Family Specifications
Ipp LIMITS category GATES [
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HEF4072B
gates

A.C. CHARACTERISTICS

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

Vbbp

typical extrapolation

Vv symbol typ.  max. foerauls
Propagation delays
In — Op 5 80 155 ns 53 ns + (0,55 ns/pF) C
HIGH to LOW 10 tPHL 35 70 ns 24 ns + (0,23 ns/pF) C_
15 25 55 ns 17 ns + (0,16 ns/pF) C_
5 75 145 ns 48 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 35 70 ns 24 ns + (0,23 ns/pF) C_
15 25 55 ns 17 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
VbD . where
v typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 950 f; + Z(foCL) x Vpp? C|_= load capacitance (pF)
dissipation per 10 4500 f; + Z(fo,CL) x Vpp? 2(foCL) = sum of outputs
package (P) 15 13700 fj + Z(foCL) x Vpp? Vpp = supply voltage (V)
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HEF4073B

gates

TRIPLE 3-INPUT AND GATE

The HEF4073B provides the positive triple 3-input AND function. The outputs are fully buffered for
highest noise immunity and pattern insensitivity of output impedance.

311
o N\ oils
I
?Izr_ / 1] [13] [iz] [1] [ro] [9] [8
s [T Ll A Vop g Tg I7 O3 Oy Ig
8 |1s D) HEF40738B
1117
I I I I I 04 V
2]1s Y \ 0310 11‘ 25 31 Z 53 51 s;s
13 IQJ— J 7273697
Fig.2 Pinning diagram.
7273698 HEF4073BP(N): 14-lead DIL; plastic
: : ] (SOT27-1)
Figd Fumstional diagram, HEF4073BD(F): 14-lead DIL; ceramic (cerdip)
(SOT73)
HEF4073BT(D): 14-lead SO; plastic
(SOT108-1)
P (): Package Designator North America
=
3 2 Yo oo
13 —T1
7275428.1

Fig.3 Logic diagram (one gate).

FAMILY DATA
l see Family Specifications

Ipp LIMITS category GATES J
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HEF4073B

gates

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

VpD typical extrapolation
Y, symbol typ. max. farmula
Propagation delays
In —Op 5 55 110 ns 23 ns + (0,55 ns/pF) C
HIGH to LOW 10 tPHL 25 50 ns 14 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
5 45 90 ns 13 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tpLH 20 40 ns 9ns + (0,23 ns/pF) C
15 15 30 ns 7 ns+ (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10ns+ (1,0 ns/pF) C
HIGH to LOW | 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10ns+ (1,0 ns/pF) CL
LOW to HIGH 10 tTLH 30 60 ns 9ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
VpDp . where
v typical formula for P (uW) f, = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 600 f; + Z(foCL) x Vpp2 C| = load capacitance (pF)
dissipation per 10 2700 f; + Z(foCL) x Vpp2 Z(foCr) = sum of outputs
package (P) 15 8400 f; + Z(foCL) x Vpp2 Vpp =supply voltage (V)
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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.

ol el el S el Gl

01} 6

02]9

03&

7273700

Fig.1 Functional diagram.

I
12
I3

0101

7275417

Fig.3 Logic diagram (one gate).

FAMILY DATA

Ipp LIMITS category GATES

|
|

14

13 12| 1] J10 9 8

EV;JD

A

Iy 1z Iy Og Oy lg
HEF40758

Is Iy I, I3 01 Vss

3
Fig.2
HEF4075BP(N):

HEF4075BD(F):
HEF4075BT(D):

2 3 4] |5 6 i/
7273699

Pinning diagram.

14-lead DIL; plastic
(SOT27-1)

14-lead DIL; ceramic (cerdip)
(SOT73)

14-lead SO; plastic
(SOT108-1)

(): Package Designator North America

see Family Specifications
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HEF4075B

gates

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

VpD typical extrapolation
v symbol typ. max. Atormmla
Propagation delays 5 65 130 ns 38 ns + (0,55 ns/pF) C_
In —Op 10 tPHL 30 60 ns 19 ns + (0,23 ns/pF) C_
HIGH to LOW 15 20 40 ns 12 ns + (0,16 ns/pF) C_
5 65 130 ns 38 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tpLH 30 60 ns 19 ns + (0,23 ns/pF) C_
15 25 50 ns 17 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10ns+ (1,0 ns/pF)CL
HIGHto LOW | 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
b 60 120 ns 10ns+ (1,0 ns/pF) C|_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
VbD 3 where
Y, typical formula for P (uW) f.= input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 750 f; + Z(foCL) x Vpp2 C= load capacitance (pF)
dissipation per 10 3600 f; + Z(foC) x Vpp2 Z(foCL) = sum of outputs
package (P) 15 11 200 fj + =(foC) x Vpp? VppD = supply voltage (V)
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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 (Dg to D3), two
active LOW data enable inputs (EDg and ED 1), a common clock input (CP), four 3-state outputs (Og
to O3), two active LOW output enable inputs (EOg and EO1), and an overriding asynchronous master
reset input (MR).

Information on Dg to D3 is stored in the four flip-flops on the LOW to HIGH transition of CP if both
EDg and ED1 are LOW. A HIGH on either EDq or ED1 prevents the flip-flops from changing on the
LOW to HIGH transition of CP, independent of the information on Dg to D3. When both EQq and
EO1 are LOW, the contents of the four flip-flops are available at Og to O3. A HIGH on either EOQ or
EO1 forces O to Oginto the high impedance OFF-state. A HIGH on MR resets all four flip-flops,
independent of all other input conditions.

7]cP J16] [15] [1a] [13] [12] [11] [io] [o]
l Vpp MR Dg Dy Dy D3 EDq EDg
14|00 || Oo|3
W [ HEF4076B
13[P1 | | Fer L 014
| FF4 [
iy Ol L (2] (8] 4] Ls] [e] (2] (8]
— ] 7272868.2
Fig. 2 Pinning diagram.
HEF4076BP(N): 16-lead DIL; plastic
(SOT38-1)
9 ﬁ)o HEF4076BD(F): 16-lead DIL; ceramic (cerdip)
= (SOT74)
— HEF4076BT(D): 16-lead SO; plastic
10[ED, (SOT109-1)
(): Package Designator North America
15| MR
= PINNING
1|EQ¢ :
1 D to D3 data inputs
2 ﬁ1 EDq, ED1 data enable inputs (active LOW)
Eo, E1 output enable inputs (active LOW)
Fig. 1 Functional diagram?znam.z CcP clock input (LOW to HIGH, edge-triggered)
MR master reset input
Og to O3 data outputs
FAMILY DATA 1

see Family Specifications
Ipp LIMITS category MSI J

\ (January 1995
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HEF4076B
MsI
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9?9
%

FF

CiRAIK]

[ c

D3 ‘D FF

4
MR
EDo
EDy
EOp

7274567.2

EOy

Fig. 3 Logic diagram.
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Quadruple D-type register with 3-state cutputs

HEF4076B
sl

FUNCTION TABLE

inputs outputs

MR | cP | EDg |EDq | Dy o,

H X X X X L

L S H X X no change
L i X H X no change
L VA L L H H

L 0 L L I L

L Ne X X X no change

A.C. CHARACTERISTICS

EOg=EOq=LOW

When either EOq 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

/ = positive-going transition

\L = negative-going transition

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

Vpp : typical extrapolation
Vv symbol | min.  typ. max. formila
Propagation delays
CP —= 0O, 5 150 305 ns 123 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 60 120 ns 49 ns + (0,23 ns/pF) C_
15 45 85 ns 37 ns + (0,16 ns/pF) C_
5 160 320 ns 133 ns + (0,55 ns/pF) C_
LOW to HIGH | 10 tPLH 65 130 ns 54 ns + (0,23 ns/pF) C|_
15 45 90 ns 37 ns + (0,16 ns/pF) C_
MR — 0O, 5 95 190 ns 68 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 40 85 ns 29 ns + (0,23 ns/pF) C_
15 30 65 ns 22 ns + (0,16 ns/pF) C_
Output transition 5 60 120 ns 10 ns + (1,0 ns/pF) C_
times 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
HIGH to LOW 15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
3-state propagation
delays
Qutput disable times 5 50 105 ns
EO, — Op 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
EO, — O, 10 tpzH 30 55 ns
HIGH 15 20 40 ns
5 60 120 ns
LOW 10 tpzL 25 50 ns
15 20 35 ns

| (January 1995
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HEF4076B
MSI

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

V ] typical extrapolation
I;')/D symbol |min. typ. max. P formuFTa
Set-up times 5 10 -15 ns
Dp, — CP 10 Ysu 0 -10 ns
15 0 -5 ns
5 0 -50 ns
ED, — CP 10 ty 0 -20 ns
15 0 -15 ns
Hold times 5 55 30 ns
D, — CP 10 thold 20 10 ns
15 15 10 ns
5 25 -25 ns
ﬁn —= 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 b5 25 ns
width; HIGH 10 tWwMRH | 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
VbD ; where
v typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 2200 f; + (foC) x Vpp? C_ = load capacitance (pF)
dissipation per 10 9300 f; + Z(foCL) x Vpp? Z(foCL) = sum of outputs
package (P) 15 24500 fj + Z(foCp) x Vpp? Vpp = supply voltage (V)

422
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HEF4076B
MSI

)

Quadruple D-type register with 3-state outputs
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HEF4077B

gates

QUADRUPLE EXCLUSIVE-NOR GATE

The HEF4077B provides the exclusive-NOR function. The outputs are fully buffered for best perform-

ance.

1 1A 0
— 1
e
- 1] [13] [12] [11] [0] [e] [s
5|4, ool & Vop By Ay Oy O3 B3 Aj
LE)DO*— D HEF40778
g |a Ay By 07 0, A; Bp Vss
=13 03] 10 T 2] BT B I
iB3 e 72739011
12 |A Fig. 2 Pinning diagram.
S R Ou| 11 g g aiag
13]Bs =
HEF4077BP(N): 14-lead DIL; plastic
(SOT27-1)
L HEF4077BD(F): 14-lead DIL; ceramic (cerdip)
(SOT73)
Fig. 1 Functional diagram. HEF4077BT(D): 14-lead SO; plastic
(SOT108-1)

(): Package Designator North America

TRUTH TABLE

P

Fig. 3 Logic diagram (one gate).

FAMILY DATA

Ipp LIMITS category GATES

)0——' >— 04
An Bn on

7274553.1

L E=rr
i i~ L F
1 ) gl =4

H = HIGH state (the more
positive voltage)

L = LOW state (the less
positive voltage)

1

J see Family Specifications

| ﬂanuary 1995
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HEF4077B

gates

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

VbD typical extrapolation
v symbol | typ. max. ¢ormiula
Propagation delays
An, Bn — Op 5 75 150 ns 48 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 35 70 ns 24 ns + (0,23 ns/pF) C_
15 30 55 ns 22 ns + (0,16 ns/pF) C_
5 70 145 ns 43 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tpuy | 30 60 ns | 19ns+ (0,23 ns/pF) C_
15 25 50 ns 17 ns + (0,16 ns/pF) C_
QOutput transition
times 5 60 120 ns 10ns+ (1,0 ns/pF) C
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns+ (1,0 ns/pF) C
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
VDD . where
v typical formula for P (uW) f: = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 850 f; + Z(foCL) x Vpp? C| = load capacitance (pF)
dissipation per 10 4500 f; + Z(foCL) x Vpp® | Z(foCL) = sum of outputs
package (P) 15 14700 f; + Z(f,C) x Vpp? | Vpp = supply voltage (V)
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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.

Io

16{ [13] |12 11| [10 9 8
13 VDD 0 I7 Ie 15 IA nc.

5 HEF4078B

nc. Ig Iy I, I3 nc Vss

1 2 3 4 5 6 7
72695091

|B]z[3]e|o]e[w]m

Fig. 2 Pinning diagram.

7269553.1

Pl 1 BBl dlgm. HEF4078BP(N): 14-lead DIL: plastic

(SOT27-1)
lo —-Do— HEF4078BD(F): 14-lead DIL; ceramic (cerdip)
(SOT73)

HEF4078BT(D): 14-lead SO; plastic
(SOT108-1)

I -DO—‘_E (): Package Designator North America
[ e

12 ——Do—-l—:

13 —Dc

l4 ——>o—

: _>°—\_t

5l O_r?}

liy _Do_ 7275426

Fig. 3 Logic diagram.

FAMILY DATA
} see Family Specifications

e Do oo

Ipp LIMITS category GATES
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HEF4078B

gates

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

\Y typical extrapolation
?/D symbol typ. max. i formulz
Propagation delays
Ih — Op 5 80 160 ns 53 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 35 70 ns 24 ns + (0,23 ns/pF) C_
15 25 50 ns 17 ns + (0,16 ns/pF) C_
5 80 160 ns 53 ns + (0,55 ns/pF) C_
LOW to HIGH | 10 tPLH 35 70 ns | 24ns+ (0,23 ns/pF) C|_
15 25 50 ns 17 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns;pF) C_
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
VBD typical formula for P (uW) rinle::pm freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 750 fj + Z(foCL) x Vpp? C = load capacitance (pF)
dissipation per 10 2800 fj + Z(f,CL) x Vpp? Z(foCp) = sum of outputs
package (P) 15 7500 fj + 2(foC) x Vpp? VpD = supply voltage (V)
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HEF4081B
gates

QUADRUPLE 2-INPUT AND GATE

The HEF4081B provides the positive quadruple 2-input AND function. The outputs are fully buffered
for highest noise immunity and pattern insensitivity of output impedance.

2|12 ES
511
613 4 1] [13] [12] [11] [io] [s] [®
= Voo Ig I Oy O3 Ig Ig
) HEF4081B

I I, 0y Oy I3 I, Vsg
1T 12 3] =] 151 18] 17
11 7269510

12|17
13] I8

Fig.2 Pinning diagram.
HEF4081BP(N): 14-lead DIL; plastic

o
L
8]1s 3073
[

7269569 (SOT27-1)
] ) ) HEF4081BD(F): 14-lead DIL; ceramic (cerdip)
Fig.1 Functional diagram. (SOT73)
HEF4081BT(D): 14-lead SO; plastic
(SOT108-1)

(): Package Designator North America

|1 —
s e >e-o
e

7274498.1

Fig.3 Logic diagram (one gate).

FAMILY DATA
see Family Specifications
Ipp LIMITS category GATES
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HEF4081B

gates

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

VDD typical extrapolation
v symbol typ. max. Formiila
Propagation delays
In — Op 5 55 110 ns 28 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 25 50 ns 14 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
5 45 90 ns 18 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tpLH 20 40 ns 9 ns + (0,23 ns/pF) C_
15 15 30 ns 7 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10ns+ (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns 9ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10ns+ (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
VpD . where
v typical formula for P (uW) f: = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 450 f; + Z(f,C) x Vpp° C|_ = load capacitance (pF)
dissipation per 10 2900 f; + Z(f,CL) x Vpp© Z(foCy) = sum of outputs
package (P) 15 11700 f; + Z(f,Cp) x Vpp® Vpp = supply voltage (V)
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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.

16{ [13[ |12 11| |10 9 8
I Voo 02 13 I7 Ie 15 nc.
2 l—.

— 011
_IL_D—‘— B) HEF4082B
Iy |

2]
&
L
—:_Is 0, I) I Iy Iy nc Vss
10]
1
2]

1 2 3 4 5 6 7

Is 726951
—_ 0,113

17— — Fig. 2 Pinning diagram.

s [

HEF4082BP(N): 14-lead DIL; plastic
(SOT27-1)

) . ] HEF4082BD(F): 14-lead DIL; ceramic (cerdip)
Fig. 1 Functional diagram. (SOT73)

HEF4082BT(D): 14-lead SO; plastic
(SOT108-1)

I AD (): Package Designator North America
2 —D
[ oo
3 AD
g ‘D
7274504

Fig. 3 Logic diagram (one gate).

7269570

FAMILY DATA
see Family Specifications
Ipp LIMITS category GATES
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HEF4082B

gates

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

\% ical extrapolation
'\J/D symbol typ.  max. e formulz
Propagation delays 5 65 1256 ns 38 ns + (0,55 ns/pF) CL
In— Op 10 tPHL;tPLH 30 60 ns 19 ns + (0,23 ns/pF) C_
15 25 45 ns 17 ns + (0,16 ns/pF) C|_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns 9ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns *+ (1,0 ns/pF) C
LOW to HIGH 10 tTLH 30 60 ns 9ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Vpp ; where
Vv typical formula for P (uW) f: = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1500 f; + =(foCL) x Vpp~ C = load capacitance (pF)
dissipation per 10 6700 f; + =(foCL) x Vpp~ 2(foCy) =sum of outputs
package (P) 15 16800 f; + Z(foCL) x VDD2 Vpp = supply voltage (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 Bg)

which can be used as either an expander input or an inhibit input. A HIGH on A4 or B4 forces the
output (Op or Og) LOW independent of the other inputs (Ag to A3 or Bg to B3). The outputs Op
and Op are fully buffered for highest noise immunity and pattern insensitivity of output impedance.

2| A

12| A2
13]A3

10| Au

5| Bo
6] B4

@

B2
B3

(=}

12] 11| [10 9 8

VDD A3 A2 Bh Ah B3 Bz

HEF4085B

Opn 0g Bg By Vsg

Fig. 1 Functional diagram.

72742571

Fig. 3 Logic diagram (one gate).

FAMILY DATA

Ipp LIMITS category GATES

|
l

see Family Specifications

3 4 5 6 7
72742581

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

_DO_DO— Op  LOGIC FUNCTION

Op=Ap A1+Ax-Az+Ay

Og =Bp*Bq +Bp*B3 + By

I ﬂanuary 1995
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HEF4085B

gates

A.C. CHARACTERISTICS

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

VbD typical extrapolation
v symbol typ. max. —.
Propagation delays
Anp, Bh —= Op 5 75 155 ns 48 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 30 60 ns 19 ns + (0,23 ns/pF) C_
16 20 40 ns 12 ns + (0,16 ns/pF) C_
5 65 135 ns 38 ns + (0,55 ns/pF) C
LOW to HIGH 10 tPLH 30 56 ns 19 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10ns+ (1,0 ns/pF) C
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10ns+ (1,0 ns/pF) C
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
VpD - where
Vv typical formula for P (uW) f, = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 750 f; + Z(foC) x Vpp2 C| = load capacitance (pF)
dissipation per 10 3200 f; + Z(foCL) x Vpp2 Z(foCL) = sum of outputs
package (P) 15 9200 f; + Z(foCL) x Vpp2 Vpp = supply voltage (V)
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HEF4086B

gates

4-WIDE 2-INPUT AND-OR-INVERT GATE

The HEFA4086B is a 4-wide 2-input AND-OR-invert (AOI) gate with two additional inputs (Ig and Tg)
which can be used as either expander or inhibit inputs by connecting them to any standard LOCMOS
output. A HIGH on Ig or a LOW on Tg forces the output (O) LOW independent of the other eight
inputs (Ig to I7). The output (O) is fully buffered for highest noise immunity and pattern insensitivity
of output impedance.

1 1lo
pal L
I 1) [13] [12] [11] [10] [9] [e
. |2 Voo In Ig Ig Ig Is I,
613 ) HEF4086B
|4 Io I1 0 nec Iz 13 Vss
9 15 : 2 2 2 2 67273;7011
o] I )
12|'s Fig. 2 Pinning diagram.
13|17
10]'s
114l9 .
Q= HEF4086BP(N): 14-lead DIL; plastic
(SOT27-1)
HEF4086BD(F): 14-lead DIL; ceramic (cerdip)
7273702.1 (SOT73) ‘
HEF4086BT(D): 14-lead SO; plastic
(SOT108-1)
Fig. 1 Functional diagram. (): Package Designator North America
PINNING
lpto lg gate inputs
lg gate input (active LOW)
0] output (active LOW)

FAMILY DATA l
see Family Specifications
Ipp LIMITS category GATES [
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HEF4086B

gates

L=

Do

L

T 7274597

Y| —

Fig. 3 Logic diagram.

LOGIC EQUATION

O=lgrly+latlg+lg-lgtlig-lz+Ig+lig
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4-wide 2-input AND-OR-invert gate

HEF4086B

gates

A.C. CHARACTERISTICS

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

VbD typical extrapolation
V; symbol | typ. max. formula
Propagation delays
lptoly —= O 5 90 180 ns 63 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 30 65 ns 19 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
5 80 1565 ns 53 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tpLH 30 60 ns 19 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
Ig — O 5 70 140 ns 43 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 25 55 ns 14 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
5 55 115 ns 28 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 20 40 ns 9ns + (0,23 ns/pF) C_
15 15 25 ns 7 ns + (0,16 ns/pF) C|_
Tg—= O 5 55 105 ns 28 ns + (0,55 ns/pF) C|_
HIGH to LOW 10 tPHL 20 45 ns 9 ns + (0,23 ns/pF) C_
15 15 30 ns 7 ns + (0,16 ns/pF) C|_
5 45 90 ns 18 ns + (0,55 ns/pF) C_
LOW to HIGH | 10 tpLH 15 35 ns 4 ns + (0,23 ns/pF) C_
15 10 25 ns 2 ns + (0,16 ns/pF) C_
Qutput transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C
15 20 40 ns 6 ns + (0,28 ns/pF) C|_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C
15 20 40 ns 6 ns + (0,28 ns/pF) C_
VbD : where
v typical formula for P (uW) f, = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 525 f; + (foCL) x Vpp? C| = load capacitance (pF)
dissipation per 10 2600 f; + Z(foCL) x Vpp°® 2(foC) = sum of outputs
package (P) 15 7300 fj + Z(foCL) x Vpp* Vpp = supply voltage (V)
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HEF4086B

gates

APPLICATION INFORMATION

Figure 4 shows two HEF4086B ICs connected to obtain an 8-wide 2-input AOI function.
The output (Op) of the first IC is fed directly into the Igg gate input of the second IC. Similarly,

any NAND gate output can be fed directly into the Tg gate input to

obtain a 5-wide AOI function.

In addition, any AND gate output can be fed directly into the Ig gate input with the same result.

S
@

oA

1a el )
g2, 28,
sl s
lan las,
5| ) 'sg| .
l6A = 68, :
o ]
Vsg _'8a Visg '88
Vbb 8A '98 7285104

Fig. 4 Two HEF4086B ICs connected as an 8-wide 2-input AOI gate.

Logic equation for Fig. 4:

Og=lpa-l1a+12a-13a+14A " I5a+l6a  I7a+ 0B " 11B + 12B * 138 + l4B * I5B + I6B *
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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 (V).

1] [13] [12] [1] [0] [9] [®
Voo Is I7 Oy O3 Ig Ig

HEF4093B

I, I, 04 O I3 I4 Vss

1 2 3 4] |5 6 7
7273703

%
|w

Fig. 2 Pinning diagram.

HEF4093BP(N): 14-lead DIL; plastic
(SOT27-1)

HEF4093BD(F): 14-lead DIL; ceramic (cerdip)
(SOT73)

HEF4093BT(D): 14-lead SO; plastic
(SOT108-1)

(): Package Designator North America

7{
w
l

0T 0 o
Y

12]'7

2P 1P IP] IP]IF] 1P| P

o
:
:

e Do e

e
N\

13]'8
12
72745541
7273704.2
Fig. 1 Functional diagram. Fig. 3 Logic diagram (one gate).
FAMILY DATA l
see Family Specifications

Ipp LIMITS category GATES J
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HEF4093B

gates

D.C. CHARACTERISTICS
Vgs=0V; Tamp =25°C

VSD symbol min. typ. max.
Hysteresis 5 0,4 0,7 == ’V
voltage 10 VH 0,6 1,0 = \
15 0,7 1,3 = \%
Switching levels 5 19 29 3'5 \"
positive-going 10 Vp 3,6 5,2 7 \%
input voltage 15 4,7 73 " \Y
negative-going 5 15 2,2 3.1 \
input voltage 10 VN 3 4,2 6,4 Vv
15 4 6,0 10,3 Y
Vo
A Y
— Vy |- Vi
VN Ve 7269995.2

Fig. 4 Transfer characteristic.

7Z84130.1

Fig. 5 Waveforms showing definition of Vp, V| and V4; where V| and Vp are between limits of
30% and 70%.
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Quadruple 2-input NAND Schmitt trigger

HEF4093B

gates

A.C. CHARACTERISTICS

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

VbD typical extrapolation
Y, symbol | typ. max. e
Propagation delays 5 90 185 ns 63 ns + (0,65 ns/pF) C_
In = Op 10 tPHL 40 80 ns 29 ns + (0,23 ns/pF) C_
HIGH to LOW 15 30 60 ns 22 ns + (0,16 ns/pF) C_
5 85 170 ns 58 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 40 80 ns 29 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C|_
5 60 120 ns 10 ns+ (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
VbD 5 where
v typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1300 f; + Z(foCL) x Vpp? | C = load capacitance (pF)
dissipation per 10 6400 f; + Z(f,CL) x Vpp? | Z(foCL) = sum of outputs
package (P) 15 18700 f; + Z(f,CL) x Vpp? | Vpp = supply voltage (V)

\ (January 1995
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HEF4093B

gates
200 7284134 1000 7284133
b 'p
(nA) (uA) l
100 / I] 500

Ja| /
\J} %
N /
0 N 0 //
0 2,5 V; (V) 5 0 5 Vi(v) 10

Fig. 6 Typical drain current as a function of
input voltage; Vpp =5 V; Tamp = 25 °C.

2000 7284135
'p
(nA)
1000
N
N
0
0 10 V;(v) 20

Fig. 8 Typical drain current as a function of
input voltage; Vpp = 15 V; Tamp = 25 ©C.

Fig. 7 Typical drain current as a function of
input voltage; Vpp = 10 V; Tamp = 25 °C.
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Quadruple 2-input NAND Schmitt trigger

HEF4093B

gates

10 7284136.1
A
(V) =
>
1 —
-
Ve
5 1
=20
A B "
l/,
0
25 75 12,5 Vpp (V) 17,5

Fig. 9 Typical switching levels as a function of supply voltage Vpp; Tamp = 25 °C.
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HEF4093B

gates

APPLICATION INFORMATION
Some examples of applications for the HEF4093B are:

® Wave and pulse shapers
® Astable multivibrators
® Monostable multivibrators.

1T

; 7284132.1

Fig. 10 The HEF4093B used as a astable multivibrator.

R

C
;/ 7284131.1

Fig. 11 Schmitt trigger driven via a high impedance (R > 1 k).

If a Schmitt trigger is driven via a high impedance (R > 1 k£2) then it is necessary to incorporate a
) C _Vpp-Vss , _—
capacitor C of such value that: — >—V—————, otherwise oscillation can occur on the edges of a pulse.
p H

C,, 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 HEF40948B 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 Og 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 regjster 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 (Og and Og) are available for cascading a number of HEF4094B devices. Data is
available at Og 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 Og on the next negative-going

clock edge and provides cascading HEF4094B devices when the clock rise time is slow.

21D
8-STAGE SHIFT Os'| 10
3]CP REGISTER
Os
[16] [15] [14] [13] [r2] [11] [1o] [o]
1 lsTR 8-BIT STORAGE Vpp EO 04 Og Og O7 Os' O
REGISTER D) HEF40948B
STR D CP Og 04 Op O3 Vgg
U] [2] (3] [4] [s] [e] [7] (]
151 EO 3-STATE OUTPUTS Fig. 2 Pinning diagram. D
HEF4094BP(N): 16-lead DIL; plastic
(SOT38-1)
HEF4094BD(F): 16-lead DIL; ceramic (cerdip)
Og [01 |02 [03 |04 |05 [Og |07 (SOT74)
HEF4094BT(D): 16-lead SO; plastic
4 15 |6 |7 114113 112 I11 (SOT109-1)
Fig. 1 Functional diagram 7274614.1 ( ): Package Designator North America
PINNING
D data input EO output enable input
CcP clock input Og, Og  serial outputs

STR strobe input Oq to O7 parallel outputs

FAMILY DATA

see Family Specifications
Ipp 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 Og O O 05
s L X X z z Og ne
A L X X z Z nc 07
I H L X nc nc Og nc
S H H L L On-1 Og nc
J H H H H On-1 Og nc
\ H H H nc nc nc 07

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

= state is immaterial

= negative-going transition

H
L
X
/= positive-going transition
A
Z

= high impedance off state

nc =nochange

0g = 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 Og output.

A.C. CHARACTERISTICS

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

VE)/D typical formula for P (uW)
Dynamic power 5 2100 f; + Z(foCL) x Vpp?
dissipation per 10 9700 f; + Z(f4CL) x Vpp?
package (P) 15 26000 f; + Z(foCL) x Vpp?

where

f; = input freq. (MHz)

fo = output freq. (MHz)
C| = load capacitance (pF)
2(foCL) =sum of outputs
Vpp = supply voltage (V)

January 1995
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A.C. CHARACTERISTICS
Vss=0V; Tamp =25 °C; C|_=50 pF; input transition times < 20 ns

VpD typical extrapolation
Vv symbol | typ. max. Sespreils
Propagation delays
CP —= O 5 135 270 ns 108 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 65 130 ns 54 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C_
5 106 210 ns 78 ns + (0,55 ns/pF) C|_
LOW to HIGH | 10 tpLH 50 100 ns 39 ns + (0,23 ns/pF) C|_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
CP —» Og 5 105 210 ns 78 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 50 100 ns 39 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
5 105 210 ns 78 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 50 100 ns 39 ns + (0,23 ns/pF) C_
15 40 80 ns 32ns + (0,16 ns/pF) C_
CP — Op 5 165 330 ns 138 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 75 160 ns 64 ns + (0,23 ns/pF) C_
1 15 556, 110 ns 47 ns + (0,16 ns/pF) C_
5 150 300 ns 123 ns + (0,55 ns/pF) C_
LOW to HIGH | 10 tPLH 70 140 ns 59 ns + (0,23 ns/pF) C|_
15 56 110 ns 47 ns + (0,16 ns/pF) C_
STR — Op 5 110 220 ns 83 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 50 100 ns 39 ns + (0,23 ns/pF) C_
15 35 70 ns 27 ns + (0,16 ns/pF) C_
5 100 200 ns 73 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 45 90 ns 34 ns + (0,23 ns/pF) C_
15 35 70 ns 27 ns + (0,16 ns/pF) C_
Output transition

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

5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH | 10 tTLH 30 60 ns 9ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
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8-stage shift-and-store bus register

HEF4094B
vsI

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

VbDp

Y, symbol | min. typ. max.
3-state propagation
delays
Output enable times 5 40 80 ns
EQ =» Qg 10 tpzH 25 50 ns
HIGH 15 20 40 ns
5 40 80 ns
LOW 10 tpzL 25 50 ns
15 20 40 ns
Output disable times 5 75 150 ns
EO — Op 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 twepL | 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 tsy 20 10 ns
15 15 5 ns
Hold times 5 5 -1b ns
D— CP 10 thold 20 5 ns
15 20 .5) ns
Maximum clock 5 5 10 MHz
pulse frequency 10 frax 1 22 MHz
15 14 28 MHz

W (January 1995
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MSI
CLOCK INPUT
DATA INPUT

STROBE INPUT
OUTPUT ENABLE INPUT
INTERNAL O (FF 1)
OUTPUT O
INTERNAL O (FF 7)
OUTPUT Og

SERIAL OUTPUT O

SERIAL OUTPUT Oy

7274637.2

Fig. 4 Timing diagram.
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8-stage shift-and-store bus register

HEF4094B

MSI

APPLICATION INFORMATION
Some examples of applications for the HEF4094B are:

® Serial-to-parallel data conversion

® Remote control holding register

DIGITALLY CONTROLLED

DIGITALLY CONTROLLED

DIGITALLY CONTROLLED

EQUIPMENT EQUIPMENT EQUIPMENT
(REQUIRES CONTINUOUS
DIGITAL CONTROL)
HRRENEN [T HERERER
Oo 07 0o 07 0g 07
D HEF40948B Os'H—D HEF4094B Os'+D HEF40948B
STR CP STR cP STR cp
i J
7285108
CONTROL
AND -
SYNC
CIRCUITRY
data clock
—_—

from remote
control panel

Fig. 5 Remote control holding register.
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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 (Ig to 13), an active HIGH output enable input
(EQ), four data outputs (Oq to O3)and their complements (Og to O3).

With EO HIGH, Og to O3and Og to O3 are in the low impedance ON-state, either HIGH or LOW as
determined by Ig to 13; with EO LOW, Og to Oz and Oq to Oz are in the high impedance OF F-state.

The device uses a common negative supply (Vgg) and separate positive supplies for inputs (Vpp)) and
outputs (Vppo). Vpp| must always be less than or equal to Vpp(, even during power turn-on and
turn-off. For the permissible operating range of Vpp| and Vpp( see graph Fig. 4.

Each input protection circuit is terminated between Vpp( and Vgs. This allows the input signals to
be driven from any potential between Vpp@ and Vgs, without regard to current limiting. When
driving from potentials greater than VppQ or less than Vgg, the current at each input must be limited
to 10 mA.

)

1

12

15

EO

LEVEL
CONVERTER

[16] [15] [1a] [13] [2] [17] [1o] [o]

e

Vppo 99 Op

VbpI EO O3 O3 I3 17
HEF 41048

lo l1 01

0, 0Oy

07 Vgs

PINNING

L 2] (3] [a] [s] [e] (2] 8]

7273709.1

Fig. 2 Pinning diagram.

o} HEF4104BP(N): 16-lead DIL; plastic
o (SOT38-1)
HEF4104BD(F): 16-lead DIL; ceramic (cerdip)
(SOT74)
HEF4104BT(D): 16-lead SO; plastic
(SOT109-1)
(): Package Designator North America

13

14

72745741

lpto I3

EO
Og
0o

Fig.

data inputs

output enable input
to O3
to 63

data outputs

complementary data outputs

1 Functional diagram.

FAMILY DATA

Ipp LIMITS category MSI

J see Family Specifications
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HEF4104B
Sl

level

converter

R N
Do | 61

t |
2 >0 >o— e {>cH[>L<:— 7
oo

t |
|3 _DO_DO_ COI|’18\IVeeI'Iter Do—Dt:— 03
__Do__ 54

f |

— _DO—DO__— co:1e\:leerlter _DO—DO_‘
VTDIDl ngo 72;712.2

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

HEF4104B

MsI

A.C. CHARACTERISTICS

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

VpD typical extrapolation
v symbol typ. max. "
Propagation delays
In — Op, Oy 5 170 340 ns 143 ns + (0,55 ns/pF) C|_
HIGH to LOW | 10 tPHL 80 160 ns 69 ns + (0,23 ns/pF) C_
15 65 135 ns 57 ns + (0,16 ns/pF) C_
5 170 340 ns 143 ns + (0,55 ns/pF) C_
LOW to HIGH | 10 tpLH 80 160 ns 69 ns + (0,23 ns/pF) C_
15 70 140 ns 62 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10ns+ (1,0ns/pF) Cp
HIGH to LOW | 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10ns+ (1,0ns/pF) Ci_
LOW to HIGH | 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
3-state propagation
delays
Output disable times
EOQO — Op, Op, 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 — O, Op, 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
VpD : where
v typical formula for P (uW) f; = input freq. (MHz)
fo = output freg. (MHz)
Dynamic power 5 3000 fj + =(foCL) x Vpp? C = load capacitance (pF)
dissipation per 10 12200 fj + Z(foC) x Vpp? 2(foCr) = sum of outputs
package (P) 15 31000 f; + Z(foCL) x Vpp? VppD = supply voltage (V)
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7273671.1

15
Vooo .
N
(V)
10
5
0
0 5 10 15 Voor (V)

Fig. 4 Vppo as a function of Vpp); 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
(EQ) is HIGH all six outputs (O1 to Og) are in the high impedance OF F-state. When the enable input (E)
is HIGH all six outputs are switched to LOW. The outputs have a 2-TTL load drive capability.

- %) [ [ [ [ [ o] 5]

1218 ) O1]5 Vop Dg O D5 E O Dy Oq
31P1 i - HEF 45028
6|02 | 7 -

' D [2] (3] Lo 5] Le] 2] (el
1 D3 i 7275366.2

Fig. 2 Pinning diagram.

_.Dﬁ
_Dﬂ
D O4]9  HEF4502BP(N): 16-lead DIL; plastic (SOT38-1)
ey
L

10|Pa

HEF4502BD(F): 16-lead DIL; ceramic (cerdip) (SOT74)
HEF4502BT(D): 16-lead SO; plastic (SOT109-1)

(): Package Designator North America

13

PINNING

G

DqtoD data inputs
" Og |14 _1 6 ata |n?u
15 |-6 = E enable input
»—T EO output enable input
4|EO :
[0) DC’L 0110 Og 3-state outputs
TRUTH TABLE
7275372.2 inputs ——

Fig. 1 Functional diagram. = T
D, E | EQ Op
N e o L|L L H
-| H|L L L
[ : X|H |L L
DO—D On X|X |H| z

1
— H = HIGH state (the more pos. voltage)

L = LOW state (the less pos. voltage)
X = state is immaterial
Z = high impedance off state

FAMILY DATA \
J see

7275373.2

Ipp LIMITS category BUFFERS
Fig. 3 Logic diagram. Family Specifications
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HEF4502B

buffers

D.C. CHARACTERISTICS

Vgg=0V
Tamb (°C)
V\'/JD V\(/)H V\C/N- symbol | —40 +25 +85
min. max. min. max. min. max.

Output current 5 4.6 1,2 1,0 0,8 mA
HIGH 10 9,5 —loH 3,8 3.2 25 mA
15 | 13,6 12,0 10,0 8,0 mA

Output current
HIGH 5 25 —loH 3,8 32 25 mA
Output current | 4,75 04 3,5 29 2.3 mA
LOW 10 0,5 loL 12,0 10,0 8,0 mA
15 1,5 24,0 20,0 16,0 mA

A.C. CHARACTERISTICS

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

V\'/DD typical formula for P (uW)
Dynamic power 5 5000 f; + Z(f,CL) x Vpp°?
dissipation per 10 | 25000 f; + Z(f,CL) x Vpp?
package (P) 15 85000 f; + Z(f,CL) x Vpp?

where

f; = output freq. (MHz)

fo = output freq. (MHz)
C| = load capacitance (pF)
Z(foCL) = sum of outputs
Vpp = supply voltage (V)

458
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Strobed hex inverter/buffer HEF4502B
buffers

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

VpD typical extrapolation
v symbol typ.  max. formula
Propagation delays
Dn, E — O 5 85 170 ns 77 ns + (0,17 ns/pF) C_
HIGH to LOW 10 tPHL 40 80 ns 37 ns + (0,06 ns/pF) C_
15 35 70 ns 33 ns + (0,04 ns/pF) C_
5 80 160 ns 66 ns + (0,28 ns/pF) C_
LOW to HIGH 10 tPLH 35 70 ns 28 ns + (0,13 ns/pF) C_
15 30 60 ns 25 ns + (0,10 ns/pF) C_
QOutput transition
times 5 25 50 ns 10 ns + (0,30 ns/pF) C_
HIGH to LOW 10 tTHL 12 24 ns 7 ns+ (0,11 ns/pF) C_
15 8 15 ns 5 ns + (0,07 ns/pF) C_
5 30 60 ns 5 ns + (0,50 ns/pF) C|_
LOW to HIGH 10 tTLH 15 30 ns 3 ns+ (0,24 ns/pF) C|_
15 12 24 ns 3 ns+ (0,18 ns/pF) C_
3-state propagation
delays
Output disable times
E® —= 0O 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 —= O, 5 60 120 ns
HIGH 10 tpzH 35 70 ns
15 30 60 ns
5 55 110 ns
LOW 10 tpzL 25 50 ns
15 20 40 ns
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HEF4505B
LS

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 CE3) are HIGH simultaneously. The output data is available at the data output (DgyT) 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 i§_valid. The output is disabled in the high-impedance OF F-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.

[1a] [13] [12] [11] [io] o] [8

Vop Din As A Doyt R/W CEp

D) HEF45058 ‘
HEF4505BP(N): 14-lead DIL; plastic
(SOT27-1) )
Ap A1 Az A3 ST CEj Vgg HEF4505BD(F): 14-lead DIL; ceramic (cerdip)
(SOT73)
m m m ‘-—4—J ]-il IEJ m (): Package Designator North America
7274627
Fig. 1 Pinning diagram.
PINNING FUNCTION TABLE
Agto Ag  address inputs ST CEx CE RAT b »
’ ; mode
CEq, CEp chip enable inputs ! 2 out
R/W read/write input L L Z disabled
ST strobe input H L z write
D data i L H Z disabled
IN ata Input H H equal to memory data read -

DouT data output
H = HIGH state (the more positive voltage)
L = LOW state (the less positive voltage)
Z = high-impedance OF F-state

SUPPLY VOLTAGE

rating [ operating
0,5t0 +15 ‘ 45t0 15V

Minimum standby voltage for data retention is 3 V.

FAMILY DATA
\' see Family Specifications
Ipp LIMITS category LSI
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64-bit, 1-bit per word random access read/write memory

HEF4505B

LSlI

A.C. CHARACTERISTICS

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

Vbp

typical extrapolation

Vv symbol | min. typ. max. Gsila
Minimum strobe pulse 5 75 35 ns
width; LOW 10 1STL 45 22 ns
15 30 15 ns
5 350 700 ns
Read cycle time 10 | tpc 250 500 ns
15 210 420 ns
5 220 440 ns
Write cycle time 10 | twe 126 250 ns
15 75 150 ns
5 330 660 ns |303ns+ (0,55 ns/pF) CL
Read access time 10 | tacc 135 270 ns | 124 ns+ (0,23 ns/pF) C
16 100 200 ns | 92ns+ (0,16 ns/pF) C|_
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 2 105 210 ns
Output disable times | 10 | .PHZ, 60 125 ns
15 |tPLZ 55 115 ns
Set-up times 5 -20 -40 ns
A, — ST 10 tsuA -10 =20 ns
15 -5 =10 ns
_ 5 -30 -60 ns
R/W—= ST 10 | teuR -15 =30 ns
15 -5 -10 ns
5 160 80 ns
DiN—= ST 10 tsuD 75 35 ns
15 45 20 ns
5 240 120 ns
R/W— ST 10 | tsuw 100 50 ns
15 75 35 ns
Hold time 5 -20 -40 ns
DiN—s ST 10 tholdD 5 -10 ns
15 10 0 ns

\ (January 1995
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HEF4505B
LSl

AO to A5 address
INBLRTS 50% address stable gy change
—>| tsuA |[*=— ISTH —| 'AR |<-
ST INPUT {507 \
- 0
(2)
tsTL =
R/W INPUT 50%
—ItuR|= —| tRR =
=—Ltice—> - = lpyz . tpLZ

D (1)

ouT data valid
OUTPUT

________ 7274628

(1) Output in high impedance OF F-state.
(2) tSTHmin = tRCmax — ST Lmin-

Fig. 3 Read cycle timing diagram.
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64-bit, 1-bit per word random access read/write memory HEF4505B
LSl

AO to A5 -
o) | aaaress
INPUTS 50% address stable o

ol gy e T sty Ty e

ST INPUT f ‘\
50% -

(CEq=CEp=H) \
(1)

tSTL
twe =

R/W INPUT 50%

< tguw —| TWR l=

tsuD=ItholdD | =

Dyn !NPUT 50% data stable

7274629

(1) tSTHmin = tWCmax — tSTLmin-

Fig. 4 Write cycle timing diagram.
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HEF4505B
LsI

APPLICATION INFORMATION

A 1
B 2
C 3
address ) D 4 HEF45058
lines E 11
3 12 64-BIT 10}—
G 6 RAM
H 8
5
9
—113
1
2
3
4
11 HEF4505B
12 ga-BiIT 10—
6 RAM
8
5
9
—113
data
input — output
1
2
3
4
11 HEF4505B
12 g4-piT 10—
6 RAM
8
5
9
—13
dynamic
strobe _I_I_
1
2
3
4
11 HEF4505B
2 4-BIT 01—
6 RAM
8
5
9
L—{13
read/write
RO T R A AN T v
100 4 v 1% &k oz v A
\|||||||||n|'}
Y
expand vertically for n-bits 7284389

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
LSl

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. Vpp is connected to the power supply
pin of the memory. Low-leakage diodes are recommended to conserve battery power.

+V

Vbp

7284390

Fig. 6 Standby battery circuit.
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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 OF F-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|Poa | Opa |5
D 0

6|P1A I e 1A | 7
BLAAl = 2104 e
10| P3A - O3a |11
2|STa
3|EOA
16 | Do Opg |17
18|DP18 LA 018 |19
20|D2B X il 02 |21
22|D3p O3p |23
15 | EOg

7Z274605.2

FAMILY DATA

Ipp LIMITS category MSI

Fig. 1 Functional diagram.

] see Family Specifications
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HEF4508B
msI

20 [23) [ [o1] [70] [7s] 18] [i7] [fe) [15] [7a] [f3]
EOg STg MRg

Vpp O3g D3g Oz D2 O1g D1 Opg Dog
- HEF45088

MRp STp EOp Dpa Opga Dya O1a Do Oga D3a O3a Vss

L] [2] [3] [a] [5] [e] [2] [8] [o] [of [11] [12]

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 (): Package Designator North America
Dga to D3p, Do3 to D3g  data inputs
STa, ST strobe inputs
MRA. MRpg master reset inputs
EOp, EOg output enable inputs
Opa to O3p, Ogp to O3g  3-state outputs
FUNCTION TABLE
inputs output
MR | ST | EO | D, | Op
L. H L H H
L H | L L H = HIGH state (the more positive voltage)
L L. L X | latched L = LOW state (the less positive voltage)
H X L X L X = state is immaterial
X X H X Z Z = high impedance OFF state
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Dual 4-bit latch

HEF4508B
sl

S b s e

D
ZDG

D
3Dc

%yw

MR [: J‘)q
EO
G 7274607.3

Fig. 3 Logic diagram (one 4-bit latch).
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HEF4508B
msI

A.C. CHARACTERISTICS

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

VbpD

typical extrapolation

v symbol | min. typ. max. Sspornel
Propagation delays
ST — Oy 5 115 230 ns 88 ns + (0,55 ns/pF) C|_
HIGH to LOW 10 tPHL 50 100 ns 39 ns + (0,23 ns/pF) C_
15 35 70 ns 27 ns + (0,16 ns/pF) C_
5 115 230 ns 88 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 50 100 ns 39 ns + (0,23 ns/pF) C_
15 35 70 ns 27 ns + (0,16 ns/pF) C_
Dhp — Op 5 95 190 ns 68 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 40 80 ns 29 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C_
5 95 190 ns 68 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 40 80 ns | 29ns+(0,23ns/pF) CL
15 30 60 ns 22 ns + (0,16 ns/pF) C_
MR —= O 5 100 200 ns 73 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 40 80 ns 29 ns + (0,23 ns/pF) C
15 30 60 ns 22ns + (0,16 ns/pF) C_
QOutput transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
3-state propagation
delays
Output enable times
EQ —» 0Oy 5 45 90 ns
HIGH 10 tpZH 20 40 ns
15 18 36 ns
5 45 90 ns
LOW 10 tpzL 20 40 ns
15 18 36 ns
Output disable times
EO — O, 5 3 70 ns
HIGH 10 | tpuz 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

HEF4508B

MSI

A.C. CHARACTERISTICS

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

V\BD symbol | min. 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 IRMR 20 0 s see also waveforms
15 15 0 ns | | Fioo4
Set-up times 5 35 10 ns
D, — ST 10 | tg 25 5 ns
15 20 0 ns
Hold times 5 20 0 ns
Dhp —= ST 10 thold 20 0 ns
15 15 0 ns
VDD | typical formula for P (uW) where
f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 2000 f; + Z(f,CL) x Vpp? C| = load capacitance (pF)
dissipation per 10 9000 f; + Z(f,CL) x Vpp? Z(foCr) = sum of outputs
package (P) 15 25000 f; + Z(foCL) X Vpp? Vpp = supply voltage (V)

w (January 1995
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Dual 4-bit latch

HEF4508B

MSI
APPLICATION INFORMATION
Some examples of application for the HEF4508B are:
® Buffer storage
@ Holding registers
® Data storage and multiplexing
reset >
clock »
¥ v v v
CPa MRA CPg MRB
4-BIT 4-BIT
cal SHIFT REGISTER SHIFT REGISTER HEF40158B
seria L
data *|PA Bl i
00A O1A 02A O3A Oop 018 O2B 03B
—
strobe —
DoA D1A D2A D3A Dog D18 D2B D38
»|STA QUADRUPLE —1STB  QUADRUPLE
LATCH LATCH HEF45088B
output JEOD 3-STATE EO 3-STATE
enable EOA —*{EOB
0pA O1A O2A 03A Opg O18 O28 038
output
enable
4 -line
data
bus

7284161

Fig. 5 Example of a bus register using HEF4508B and HEF4015B.
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HEF4508B

MsI

APPLICATION INFORMATION (continued)

lg+lv | H | H
snqg1o9jas | H | 1
snqy109@s | 7 | H

ey uqiyur | 3 7
uonouny 8g |Vg

133713S NOILONNA

‘861074 3H 8uo pue ggoGy43H oMl Buisn 108j8s uonouNny Yim Ja1siBal sng paxajdirjnw jenp e jo sjdwex3 g ‘bi4

z91v82¢ SRETES
uonouny 4980Sv43H 8805v43H
g6L0v43H
g9€qg 8¢qg 9lg 90q
mw HOLlV1 LIg-¢
v J1VIS-€
S gep 920 8lp €00
Sg l
€y
b— mO Nm
%o Cy
lo lg
0p Ly
Og
Oy 1
—— VEQ VZo Vip V0O
snq eiep HOLlVv1 ll19-¥
FLVIS—E
VEQ VZqg Vlg Y0qg

snq
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aull-y

snq
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HEF4510B
sl

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/DN), an active LOW count enable input (CE), an asynchronous

active HIGH parallel load input (PL), four parallel inputs (Pg to P3), four parallel outputs (Og to O3),
an active LOW terminal count output (TC), and an overriding asynchronous master reset input (MR).

Information on P 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 Oq and O3 are HIGH and CE is
LOW. When counting down, TC is LOW when Og to Ozand CE are LOW. A HIGH on MR resets the
counter (Og to O3 = LOW) independent of all other input conditions.

4 12 13 3

HEF4510BP(N): 16-lead DIL; plastic
Ly PARALLEL LOAD CIRCUITRY (SOT38-1) 4
HEF4510BD(F): 16-lead DIL; ceramic (cerdip)
(SOT74)
HEF4510BT(D): 16-lead SO; plastic
(SOT109-1)
15] CP Sp/Cp (): Package Designator North America
5 |CE s
=) UP/DOWN TC| 7
10| UP/DN COUNTER 18] [15] [1a] [13] [r2] [11] [i0] [9
4 i g,o CP 0, P, Py 0y UP/ MR
G DN
D HEF4510B
00 01 02 03 PL 03 P3 Pg CE Op TC Vss
1 2] 13] 1] 5] 1] 7] [8
6 11 14 2 7273715.2 7273713
Fig. 1 Functional diagram. Fig. 2 Pinning diagram.
PINNING
PL parallel load input (active HIGH) UP/DN up/down count control input
Pp to P3 parallel inputs MR master reset input
CE count enable input (active LOW) TC terminal count output (active LOW)
CP clock pulse input (LOW to HIGH, Op to O3  parallel outputs
edge triggered)

FAMILY DATA l
see Family Specifications
Ipp LIMITS category MSI I
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HEF4510B

Lo Q
g

g o o

J 0
FF

cP

K 0

v v 9

s
[

v

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

oo

7275079.1
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BCD up/down counter HEF4510B
MSI

P Py P3
3
© o
__<> __() —_<J
FF FF FF
02 03 04
—O — —O — +o -
- i
e —-b—
s
g -
h —
k —»
| ——
m —
e =

Yo Y

04 0, 03

7Z275080.1

Fig. 3b Logic diagram (continued from Fig. 3a).
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HEF4510B

MSI

FUNCTION TABLE

MR | PL UP/DN CE | cP mode
I H X X X parallel load
L L X H X no change
L L L L b count down
L I H L F count up
H X X X X reset

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

/= positive-going transition

12 1" | 10 9 8

count up ———— count down 7269575

Fig. 4 State diagram.

Logic equation for terminal count:

C=CE- { (UP/DN)-0g-03 + (UP/DN)-0q-01:02:03 }

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

VbD - where
Y, typical formula for P (uW) f: = input freq. (MHz)

fo = output freq. (MHz)

Dyn_arr.'nic power 5 1000 fj + 2(foCL) x Vpp? CL = load capacitance (pF)
dissipation per 10 4500 f; + Z(f,CL) x Vpp? Z(foCL) = sum of outputs
package (P) 16 [ 11200 f; + =(f,C) x Vpp? Vpp = supply voltage (V)
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BCD up/down counter

HEF4510B

MSI

A.C. CHARACTERISTICS

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

Vv } typical extrapolation
I\)/D symbol | min.  typ. max. e formEla
Propagation delays

CP — O 5 145 290 ns 118 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 60 120 ns 49 ns + (0,23 ns/pF) C_
15 45 90 ns 37 ns+ (0,16 ns/pF) C_
5 155 310 ns 128 ns + (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 65 130 ns | 54ns+ (0,23 ns/pF) C|_
15 45 90 ns 37 ns+ (0,16 ns/pF) C_
cp —= TC 5 260 525 ns | 233 ns+ (0,55 ns/pF) C_
HIGH to LOW 10 |tpHL 105 210 ns 94 ns + (0,23 ns/pF) C_
15 75 150 ns 67 ns+ (0,16 ns/pF) C_
5 180 360 ns 153 ns + (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 75 150 ns | 64 ns+ (0,23 ns/pF) C|
15 55 116 ns 47 ns + (0,16 ns/pF) C_
PL — O, 5 125 255 ns 98 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 55 110 ns | 44 ns+ (0,23 ns/pF) C|_
15 40 85 ns 32 ns+ (0,16 ns/pF) C_
5 170 340 ns | 143 ns+ (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 70 140 ns 59 ns + (0,23 ns/pF) C_
15 50 105 ns 42 ns + (0,16 ns/pF) C
PL TC 5 250 500 ns | 223ns+ (0,55 ns/pF) C
HIGH to LOW 10 |tpyL 110 220 ns | 99ns+ (0,23 ns/pF) C|_
15 80 160 ns 72 ns + (0,16 ns/pF) C_
5 250 500 ns | 223 ns+ (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 110 220 ns 99 ns + (0,23 ns/pF) C_
15 80 160 ns 72 ns + (0,16 ns/pF) C_
CE — TC 5 165 330 ns 138 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 65 135 ns 54 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C_
5 145 290 ns | 118 ns+ (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 60 125 ns 49 ns + (0,23 ns/pF) C_
15 45 95 ns 37 ns+ (0,16 ns/pF) C_
MR —= O, TC 5 205 405 ns 178 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 65 130 ns 54 ns + (0,23 ns/pF) C_
15 45 85 ns 37 ns+ (0,16 ns/pF) C_
MR —= TC 5 225 450 ns 198 ns + (0,565 ns/pF) C_
LOW to HIGH 10 |tpLH 75 150 ns 64 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C_
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HEF4510B

MSI

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

VI\D/D symbol | min. typ. max. typical fe:rtr:‘aflglation
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 | tTHL 30 60 ns 9ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Minimum clock 5 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 | twpPLH 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
Phn—= PL 10 | tgy 50 25 ns
15 40 20 ns see also waveforms
5 250 125 ns Figs 5 and 6
UP/DN —» CP 10 | tgy 100 50 ns
15 75 35 ns
_ 5 120 60 ns
CE — PL 10 | tgy 40 20 ns
15 25 10 ns
Hold times 53 10 -40 ns
Ph — 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
e 5 20 -40 ns
CE — CP 10 | thold 5 -15 ns
15 5 -10 ns
Maximum clock 5 b 10 MHz
pulse frequency 10 | fmax 12 24 MHz
15 o 34 MHz
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HEF4510B
MSI

BCD up/down counter

—

CP INPUT 50% 50 %

[j

<+ thoig —*

0O,

CE INPUT 50

50 %
<ty —»lethod ety >lethog >
UP/DN INPUT 50 % 50% Lso %

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
< twpLn |+ trrL >
PL INPUT ——)/5:\\50%
oty thod [+
S
P, INPUT %m %o 50%

—|  l<—trMr

50 %

ka

MR INPUT 50% 50 %

< tyRrMH > 7275081.1

Fig. 6 Waveforms showing minimum pulse width for PL and MR, recovery time for PL and MR and

set-up and hold times for P, to PL.-
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HEF4511B
MsI

BCD TO 7-SEGMENT LATCH/DECODER/DRIVER

The HEF4511B is a BCD to 7-segment latch/decoder/driver with four address inputs (D to Dp), an
active LOW latch enable input (EL), an active LOW ripple blanking input (B1), an active LOW lamp test
input (LT), and seven active HIGH n- p-n bipolar transistor segment outputs (O, to Og)

When EL is LOW, the state of the segment outputs (O, to Og) is determined by the data on Dp to Dp.
When EL goes HIGH, the last data present on D to Dp 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 BT forces all segment outputs LOW. The inputs LT and BI do

not affect the latch circuit.

A N 16] [15] [14] [13] [12] [11] [t0] [e]
DA OB Dc Op Vop Of Og O Op Oc Og Oe
5|EL
1T © LATEHES — HEF 45118
a 15 l ] Dg Dc LT Bl EL Dp Da Vss
= SO L] (2] [3] 4] [s] [e] [7] [e]
727137161
o Fig. 2 Pinning diagram.
i 1] DRIVERS
HEF4511BP(N): 16-lead DIL; plastic (SOT38-1)
Og |Of |Oe |Od |Oc |Ob |Oa HEF4511BD(F): 16-lead DIL; ceramic (cerdip) (SOT74)
12113 HEF4511BT(D): 16-lead SO; plastic (SOT109-1)
14 15 [9 [10 {11 (): Package Designator North America
1Z713717.2

driver
logic

FAMILY DATA

Ipp LIMITS category MSI

Fig. 1 Functional diagram.

VbD

= e

I

1

PINNING

Dp to Dp address (data) inputs

EL latch enable input (active LOW)
BI ripple blanking input (active LOW)
T lamp test input (active LOW)

Ojto Og segment outputs

+ 1.-/ /b
VOH g

I

Vss

7279908
Fig. 3 Schematic diagram of output stage.

Fig. 4 Segment designation.

see Family Specifications
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BCD to 7-segment latch/decoder/driver HEF4511B

MsI
D —Dc
l__ — O
CP
l__ — O
_Do_
Fig. 6 Logic diagram (one latch); see also Fig. 5. 727990}
FUNCTION TABLE

inputs outputs
EL BI LT |Dp Dc Dg Dap | O O, Oc O4q O Of Og | display
X X L X X X X H H H H H H H 8
X | 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 12 L H L H H L ] L L 1
L H H L L H L H H L H H £ 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 i L L H H H H H H H 8
L H H H 1L 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
15 H H H L H H 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 Is L= E L L blank
= H H H H H L L L L L L L I 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.

[0 e ey e

L e e

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 —loH max. 25 mA
For other RATINGS see Family Specifications.

Note

A destructive high current mode may occur if V| and Vg are not constrained to the range Vgg < V|
orVo <Vpp-

D.C. CHARACTERISTICS

Vgg=0V
| Tamb (°C)
HEF VI\DID OH | symbol —40 +25 +85
) n min. max. min. typ. min. max.
Output voltage 5 0 4,10 410 440 4,10 \Y
HIGH 10 0 VOH 9,10 9,10 9,40 9,10 Y
15 0 14,10 14,10 14,40 14,10 Vv
Output voltage 5 5 4,20 \
HIGH 10 5 VOH 9,20 Y
15 b 14,20 \Y
Output voltage 5 10 3,60 360 4,05 3,30 \Y
HIGH 10 10 VOH 8,75 8,75 9,10 8,45 \Y
15 10 13,75 13,75 14,10 13,45 v
Output voltage b 15 4,00 \Y
HIGH 10 15 VOH 9,00 \Y;
15 15 14,00 \Y;
Output voltage 5 20 2,80 2,80 3,80 2,50 \%
HIGH 10 20 VOH 8,10 8,10 9,00 -7,80 Vv
15 20 13,10 13,10 14,00 12,80 Vv
Output voltage 5 25 3,70 \Y
HIGH 10 25 VOH 8,90 Vv
15 25 14,00 \Y
Tamb(°C)
HEC V'\J,D L?,:' symbol | —55 +25 +125
min. max. min. typ. min.  max.
Output voltage 5 0 4,10 410 4,40 4,10 \
HIGH 10 0 VoH 9,10 9,10 9,90 9,10 \%
15 0 14,10 14,10 14,40 14,40 \Y
Output voltage 5 5 4,30 \
HIGH 10 5 VOH 9,30 Vv
15 b 14,30 \%
Output voltage 5 10 3,60 360 4,25 3,20 Vv
HIGH 10 10 VOH 8,75 8,75 9,25 8,35 Vv
10 13,75 13,75 1425 13,35 Vv

15
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BCD to 7-segment latch/decoder/driver

HEF4511B

MSI
D.C. CHARACTERISTICS (continued)
T (°C)
Vv | amb
HEC PP O | symbol| 55 +25 +125
mA . : X
min. max. min.  typ. min. max.
Output voltage 5 15 4,20 \%
HIGH 10 15 VOH 9,20 \
15 15 14,20 \
Output voltage 5 20 2,80 2,80 420 2,30 \
HIGH 10 | 20 | Vou 8,10 810 920 7,60 Vv
15 20 13,10 13,10 14,20 12,60 \
Output voltage b 25 4,15 \%
HIGH 10 25 VOoH 9,20 \
15 25 14,20 \
A.C. CHARACTERISTICS
Vss =0V; Tamp = 25 ©C; input transition times < 20 ns
here
VE)/D typical formula for P (uW) rilfinput freq. (MH2)
fo = output freq. (MHz)
Dynamic power 5 1000 f; + =(foCL) x Vpp? C|_ = load capacitance (pF)
dissipation per 10 4000 fj + Z(foCL) x Vpp? Z(foCL) = sum of outputs
package (P) 15 {10000 fj+ =(foC) x Vpp°® Vpp = supply voltage (V)

A.C. CHARACTERISTICS

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

VbD 3 typical extrapolation
Y, symbol min. typ. max. foriila
Propagation delays

Dh, — Op 5 155 310 ns 128 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 60 120 ns 49 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns+ (0,16 ns/pF) C_
5 135 270 ns 108 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 55 110 ns 44 ns + (0,23 ns/pF) C|_
15 40 80 ns 32 ns+ (0,16 ns/pF) C_
EL = 0y 5 160 320 ns 133 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpyL 60 120 ns 49 ns + (0,23 ns/pF) C_
15 45 90 ns 37 ns + (0,16 ns/pF) C_
5 160 320 ns 133 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 70 140 ns 59 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C_
Bl — Op 5 120 240 ns 93 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 50 100 ns 39 ns + (0,23 ns/pF) C_
15 35 70 ns 27 ns + (0,16 ns/pF) C_

| | January 1995
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A.C. CHARACTERISTICS (continued)

VpDp = typical extrapolation
v symbol min. typ. max. P
Propagation delays
(cont.)
Bl —» Op 5 105 210 ns 78 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 40 80 ns 29 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns+ (0,16 ns/pF) C_
LT — 0, 5 80 160 ns 52 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 30 60 ns 19 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns+ (0,16 ns/pF) C_
5 60 120 ns 33 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 30 60 ns 19 ns + (0,23 ns/pF) C_
15 25 50 ns 17 ns+ (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns+ (1,0 ns/pF) C
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C
15 20 40 ns 6 ns+ (0,28 ns/pF) C_
5 25 50 ns 20 ns + (0,1 na/Pf) C_
LOW to HIGH 10 tTLH 16 32 ns 13 ns + (0,06 ns/pF) C_
. 15 13 26 ns 10 ns + (0,06 ns/pF) C_
Minimum EL 5 80 40 ns
pulse width; LOW | 10 tWELL 40 20 ns
15 3% 17 ns
Set-up time 5 50 25 ns
— f
Dhb — EL 10 tsy 25 12 ns ;eiz aEI;so wavetorms
15 20 9 ns '
Hold-time 5 60 30 ns
Dy —=EL 10 thold 30 15 ns
15 25 12 ns
Conditions
EL INPUT 50% Dp = LOW
Dp=Dg=B|=LT
HIGH
= tWE L
D¢ INPUT 50%
b= tsu thold =—
Fig. 8 Waveforms showing
minimum EL pulse width,
set-up a_nd hold time for
Og OUTPUT DC to EL.

490
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BCD to 7-segment latch/decoder/driver HEF4511B
MSI

APPLICATION INFORMATION
Some examples of applications for the HEF4511B are:

Driving LED displays.

Driving incandescent displays.
Driving fluorescent displays.
Driving LCD displays.

Driving gas discharge displays.

VbD
.EJ_(
e common cathode
F—{ (=T LED
— & /'_ —— =17V
w7 VsS = ——

7 7279907

Fig. 9 Connection to common cathode LED display readout.

common anode

LED
- 7 —
. Y o __=si7v
P +
sy
t(-' 7 7279902
—

w» Vss

Fig. 10 Connection to common anode LED display readout.
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HEF4512B
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8-INPUT MULTIPLEXER WITH 3-STATE OUTPUT

The HEF4512B is an 8-input multiplexer with 8 binary inputs (Ig to I7), an enable input (E) and an
output enable input (EO). One of eight binary inputs is selected by select inputs Sg, S and Sp, 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.

12| $1
- s MULTIPLEXER 6] [1s] [1a] [13] [iz] [11] [19] [3]

Vbp EO 0 S S Sp E Iy

1= ) HEF4512B

o 4 2 I3 4 's 's Vss

U L2] 3] [a] [s] [e] (7] L8]

. 72728711
1-5—%0—‘ Fig. 2 Pinning diagram.
0 HEF4512BP(N): 16-lead DIL; plastic
|14 7272870.3 (SOT38-1)
HEF4512BD(F): 16-lead DIL; ceramic (cerdip)
. ; N (SOT74)
Fig. 1 Functional diagram. HEF4512BT(D): 16-lead SO; plastic
(SOT109-1)
PINNING (): Package Designator North America
So, S1,So  select inputs
EO output enable (active LOW)
E enable (active LOW)
lpto Iy multiplexer inputs
o multiplexer output
FAMILY DATA

I see Family Specifications
Ipp LIMITS category MSI
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N Al

e — —

.

/\

-—

w

A
3

7272869.1

Fig. 3 Logic diagram.
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8-input multiplexer with 3-state output

HEF4512B

MsI
TRUTH TABLE
inputs output
EO | E S9 §1 S lo I lo I3 lg 1sg lg Iz o
L H X X X X X X X X X X X L
L L L L L L X X X X X X X L
L L L L L H X X X X X X X H
Ik L I L H X L X X X X X X ik
L L L L H X H X X X X X X H
L L. L H L X X L X X X X X L
L L L H L X X H X X X X X H
L L L H H X X X L X X X X 18
L L | H H X X X H X X X X H
L L H E L X X X X E X X X L
L L H L L X X X X H X X X H
L L H L H X X X X X L X X L
L L H L, H X X X X X H X X H
L L H H L X X X X X X L X L
5 L. H H i X X X X X X H X H
L L H H H X X X X X X X L L
L L H H H X X X X X X X H H
H X X X X 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 OF F-state
A.C. CHARACTERISTICS
Vgs =0 V; Tamp = 25 OC; input transition times < 20 ns
VDD : where
Vv typical formula for P (uW) f, = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 500 fj + Z(foCL) x Vpp? C| = load capacitance (pF)
dissipation per 10 2100 f; + Z(foCL) x Vpp? 2(foCL) = sum of outputs
package (P) 15 5800 f; + =(foCL) x Vpp? Vpp = supply voltage (V)

\ ﬁnuary 1995
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A.C. CHARACTERISTICS
Vgs =0 V; Tamp = 25 °C; C|_ =50 pF; input transition times < 20 ns

Vpbp typical extrapolation
Vi symbol | typ. max. —
Propagation delays
I == 0 5 100 200 ns 73 ns + (0,55 ns/pF) C
HIGH to LOW 10 tPHL 40 80 ns 29 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C_
5 100 200 ns 73 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tpLH 40 80 ns 29 ns + (0,23 ns/pF) C_
15 30 60 ns 22 ns + (0,16 ns/pF) C_
S, —*> 0 5 140 280 ns 113 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 55 110 ns 44 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns+ (0,16 ns/pF) C
5 150 300 ns 123 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 60 120 ns 49 ns + (0,23 ns/pF) C|_
15 40 80 ns 32 ns+ (0,16 ns/pF) C_
E — O 5 60 120 ns 33 ns + (0,55 ns/pF) C|_
HIGH to LOW 10 tPHL 25 50 ns 14 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
5 55 110 ns 28 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 25 50 ns 14 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
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
EQ === 0O 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 HEF4512B

MSI
APPLICATION INFORMATION
Some examples of applications for the HEF4512B are:
® Signal gating
® Digital multiplexing
® Number sequence generation
TRUTH TABLE for Fig. 4
input0 —— g input conn.
; HEF4512B A4 |A3| A2 | A1 Ag to output
inplt:7 _ 7 IC 0 output L L | L L 18 0
53:D°_° 0w LlL|L|L|H]|1
Aa E L{L|L|H|L]| 2] via
1/4 HEF4011B J;o So 51 82 L|E[L|H{H 3 IC
S LiLc|H|L|L]lafo
L L H L H 5
L{L|H|H]|L 6
input 8 ————————'o L|{L|H|H]|H 7
| | HEF45128
in;l)ut 15—y Ic’ o L H L L 18 8
A3 :D°_° & L|{H|L|L|H| 9
Ag E L|{H|L|H]|L/|1 via
1/4 HEF4011B J;o 5 83 59 LI{H|L|H|H|MN IC
[ [ Li{H|H|L|L|12][1
L|{H|H]|L]|H]|13
L H H H L |14
input 16 Ig L H H H H | 15
. HEF 45128
input 23 7 Ic & H L L L 15 16
R, . 2 H|L|L|L/|H|17
A4:D°'° £ H{L|L|H|L|18 | via
S5 S S H{L|L |H|H]|19 IC
1/4 HEF40118 77 9 -1 -2
| [ H|L|HI|L]|L]20 2
HI{L|H]|L|HI|2
H|L|H|H]|L]|22
input 24 lo Hik |HIH|H 2
i HEF45128
- Iy H H I, L L |24
. £ o H|{H|L|L|H|25
Az s gl 8 .
2 Do HlH|L|H|L|26 | via
E
H|HI|L |H]|H]|27 IC
1/4 HEF40118 71;0 S0 S1 Sﬁ HIHIHIL L !28 3
I H|{H|HI|L|H]|29
H|H|H]|H]|L]|30
AO Al A2 7284365 H H H H H 31

Fig. 4 32-input multiplexer using 4 x HEF4512B and 1 x HEF4011B. The input is selected by 5-bit
address (A4 to Ag) and presented at the output.

w (January 1995
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1-OF-16 DECODER/DEMULTIPLEXER WITH INPUT LATCHES

The HEF4514B is a 1-of-16 decoder/demultiplexer, having four binary weighted address inputs (Ag to
A3), a latch enable input (EL), and an active LOW enable input (E). The 16 outputs (Og to O15) are
mutually exclusive active HIGH. When EL is HIGH, the selected output is determined by the data on
Ap. When EL goes LOW, the last data present at A, 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
HEF45148B is used as a demultiplexer, E is the data input and Ag to A3 are the address inputs.

2 3 21 |92

Ao [A1 |A2 A3
1150, LATCHES
2 & DECODER

0o |07 [0, |03 [04 [05 |06 |07 |Og

Og [010]911|912{913]014/015

11 |9 |10 |8 |7 |6 |5 |4 |18

17 |20 [19 |14 |13 |16 |15

Fig. 1 Functional diagram.

20) [23] [22] [21] [20] [is] [ie] [17] [re] [is] [1a] [13
Vop E A3 Ay Oy Oy Og Og Oy Op5 Oy Oy
D) HEF 45148

EL Ag A¢ Oy Op Og Oy O3 Gy Oy Op Ves

1 2 3 4] |5 6 7 8 9| o] M) P2
72695121

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
Ipp LIMITS category MSI

7269540.3
PINNING
Ag to Az address inputs
E enable input (active LOW)
EL latch enable input

OgtoO15 outputs (active HIGH)

HEF4514BP(N): 24-lead DIL; plastic
(8OT101-1)

HEF4514BD(F): 24-lead DIL; ceramic (cerdip)
(SOT94)

HEF4514BT(D): 24-lead SO; plastic
(SOT137-1)

(): Package Designator North America
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o
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s P>o- >—D_J)

[
—{ e
(el

o - Og
latch
3
0 - O10
0— (—
[> 011
Ag «D& —
012
S
0 - 013
latch
4
= !
EL ‘Dc i 0 5 )0—-1 >— 014
DT e Lo
7269769.3

Fig. 3 Logic diagram.

|O|

Fig. 4 Logic diagram (one latch).

7284223
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1-0f-16 decoder/demultiplexer with input latches

HEF4514B

MSI

TRUTH TABLE

inputs outputs

E Ag A1 Az Ag| Og O1 02 03 04 O Og O7 Og Og O1g O11 O12 013 O14 O1s
HX X ¥ ¥|& Lt k& L EBLELL L L L L L L
LL L LL|HULLULILTULLILULL L L L L L L
EE L LLiL®BEBEL LEEELLE L L L E L E
LL HLL|L LHLILLLILLL L L L L L L
LHH LL|L LLHLTULLTILILL L L L L L L
Bl L HEPL & & B HLLELL L L L E k k
LH L HL|L LLLLMHL L LL L L L L L L
LL A HL|L LLELLHLLE L E L L L
L B HE{L LA ELECL B LELLILLE L E
LL & LH]{E LL &L LLLHEL L L L L L L
LH L LHJE LEELLLELH L L L L L L
LL HLH|L L L L L LL L LL H L L L L L
LH HLH/L LLLLLLILULLILMH L L L L
LL & RE]L L L & E L,L E AL £ L B L &k E
LH L HH|L L L L L LLLLL L L L H L L
LL HHH|L L LL L LLLLL L L L L H L
LHHHH|L L L L L LL L LL 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

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

VbD typical extrapolation
v symbol typ. max. Fermula
Propagation delays

An, EL — Op, 5 260 520 ns | 233ns+ (0,55 ns/pF) C.
HIGH to LOW 10 tPHL 95 190 ns 84 ns + (0,23 ns/pF) C|_
15 65 130 ns 57 ns + (0,16 ns/pF) C_
5 270 550 ns 243 ns + (0,55 ns/pF) C|_
LOW to HIGH 10 tPLH 95 190 ns 84 ns + (0,23 ns/pF) C_
15 65 130 ns 57 ns + (0,16 ns/pF) C_
E — 0 5 175 350 ns 148 ns + (0,55 ns/pF) C_
HIGH to LOW | 10 tPHL 65 130 ns 54 ns + (0,23 ns/pF) C
15 45 90 ns 37 ns + (0,16 ns/pF) C_
5 200 400 ns 173 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tpLH 70 140 ns 59 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C_

w ﬁanuary 1995
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A.C. CHARACTERISTICS
Vgg=0V; Tamb = 25 °C; C|_= 50 pF; input transition times < 20 ns

\) i typical extrapolation
E)/D symbol min. typ. max. e fsrentla
Output transition 5 90 180 ns 40 ns + (1,0 ns/pF) C_
times 10 tTHL 35 65 ns 14 ns + (0,42 ns/pF) C_
HIGH to LOW 15 25 50 ns 11 ns + (0,28 ns/pF) C_
5 85 170 ns 35 ns + (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 35 70 ns 14 ns + (0,42 ns/pF) C
15 25 50 ns 11 ns + (0,28 ns/pF) C_
Set-up time b 120 60 ns
An — EL 10 ten 40 20 ns
15 30 15 ns
Halo tife 5 0 90 e see also waveforms
Anp — 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 z where
v typical formula for P (uW) f, = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1100 f; + Z(fo,CL) x Vpp? C|_ = load capacitance (pF)
dissipation per 10 5500 fj + Z(foCp) x Vpp? Z(foCL) = sum of outputs
package (P) 15 16000 f; + =(foCL) x Vpp* Vpp = supply voltage (V)
~— WELH —
EL INPUT

A, INPUT /

50% \

<—~tmj—.-

thold |[=—

50%

7274552

Fig. 5 Waveforms showing minimum pulse width for EL, set-up and hold times for A, to EL.
Set-up and hold times are shown as positive values but may be specified as negative values.
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HEF4515B
msI

1-OF-16 DECODER/DEMULTIPLEXER WITH INPUT LATCHES

The HEF4515B is a 1-of-16 decoder/demultiplexer, having four binary weighted address inputs (Ag to
A3), a latch enable input (EL), and an active LOW enable input (E). The 16 outputs (Og to O15) are
mutually exclusive active LOW. When EL is HIGH, the selected output is determined by the data on
Ap. When EL goes LOW, the last data present at Ay, 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 Ag to Ag are the address inputs.

2 3 21 22

Ao M |A2 |As
LEL LATCHES
21E—O DECODER
Op [01 |02 [O3 |04 OsTos T°7T08?09 T010T011i012i°13i°14i015
[1" To Tiof8 |7 6 |5 [4 [18 |17 |20 |19 |14 [13 |16 |15
7284275
. Fig. 1 Functional diagram.
20] [23] [22] [21] [20] [1s] [18] [17] J16] Jts| [14] J13 PINNING
Voo E A3 Az Oy Oy Og Og Oy O5 Oz O3 Agto Az address inputs
D) HEF 45158 E enable input (active LOW)
EL Ay Ay O; Og Og O, O3 Oy O Op Vss EL N latch enable input
1T 12 18] Tl 1s] 6] 12] 18] (o] Tof [11] |r2 OgtoO15  outputs (active LOW)
7269513.2
Fig. 2 Pinning diagram. HEF4515BP(N): 24-lead DIL; plastic
(SOT101-1)
HEF4515BD(F): 24-lead DIL; ceramic (cerdip)
(SOT94)
HEF4515BT(D): 24-lead SO; plastic
APPLICATION INFORMATION (SOT137-1)

(): Package Designator North America
Some examples of applications for the HEF4515B are:

® Digital multiplexing.
® Address decoding.
® Hexadecimal/BCD decoding.

FAMILY DATA |

. see Family Specifications
Ipp LIMITS category MSI l

\ (January 1995 503



HEF4515B
MSI

Ag ‘DO—‘

Aq —DC

e

o

[

)

Ay —-DC

—

25999y

[

Il

) e
=T
Il
=ps
ol

<
o

loi

72

84223

E‘Do—:

Fig. 3 Logic diagram.

Fig. 4 Logic diagram (one latch).

Py Ye

7274550.2
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1-of-16 decoder/demultiplexer with input latches

HEF4515B

msi
TRUTH TABLE
inputs outputs

E Ap A1 A2 A3 | Op O1 02 03 O4 O5 Og O7 Og Og O19 O11 O12 013 O14 O1s
HX X X X|H HHHHHUHH HHUH H H H H H
LL L LL|LHHHHHHIHHUHUH H H H H H
LH L LL|HULHHU HHHIHHUHUH H H H H H
LL HLL|HHLUHHHHIHHIHIH H H H H H
LHHLL|HHHLBHHHIH- HHH H H H H H
LL LHL| HHHHTLHHHHHUH H H H H H
LH L HL|HHHUHU HLUHIHHUHUH H H H H H
LLHHL|HHHUHU HHLIHHIHUH H H H H H
LHHHL|{HHHUHHHHLHHUH H HH H H
LL L LH|HHHHU HHHIHLUHH H HHH H
LH L LH|HHHUHHHHIHHTLUH H H H H H
LLHLH|HHHHHHHIHHUHL H H H H H
LHHLH|HHHUHHHHIHHUHIH L H H H H
LL L HH|HHHUHU HHHIHHUHUH H L H H H
LHLHH|HHHUHU HHHIHHHUH H H L H H
LLHHH|HHHUHUHHHIHHHUH H H H L H
LHHHH|HHHIHUHHHHHHH 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
Vgg =0 V; Tamp = 25 °C; C_ = 50 pF; input transition times < 20 ns

VDD typical extrapolation
v symbol typ. max. Forrmula
Propagation delays

Apn EL — O b 260 520 ns 233 ns + (0,55 ns/pF) C_
HIGH to LOW | 10 tPHL 95 190 ns 84 ns + (0,23 ns/pF) C_
15 65 130 ns 57 ns + (0,16 ns/pF) C_
5 270 550 ns 243 ns + (0,55 ns/pF) C_
LOW to HIGH | 10 tpLH 95 190 ns 84 ns + (0,23 ns/pF) C|_
15 65 130 ns 57 ns + (0,16 ns/pF) C_
E — 0, 5 175 350 ns 148 ns + (0,55 ns/pF) C_
HIGH to LOW | 10 tPHL 65 130 ns 54 ns + (0,23 ns/pF) C_
15 45 90 ns 37 ns + (0,16 ns/pF) C_
5 200 400 ns 173 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 70 140 ns 59 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C_

I ﬂanuary 1995
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A.C. CHARACTERISTICS
Vgg =0V; Tamb = 25 °C; C|_= 50 pF; input transition times < 20 ns

cal -
VI\D/D symbol min. typ. max. biptee f‘i)xrtr;auﬁ: ation
Output transition 5 90 180 ns 40 ns + (1,0 ns/pF) C_
times 10 tTHL 35 65 ns 14 ns + (0,42 ns/pF) C_
HIGH to LOW 15 25 50 ns 11 ns + (0,28 ns/pF) C_
5 85 170 ns 35 ns + (1,0 ns/pF) C_
LOW to HIGH 10 tTTLH 35 70 ns 14 ns + (0,42 ns/pF) C_
15 25 50 ns 11 ns + (0,28 ns/pF) C_
Set-up time 5 120 60 ns
Ap, — EL 10 tsu 40 20 ns
15 30 15 ns
HEll tins 2 U B0 13 see also waveforms
Apn — EL 10 thold 0 20 ns Fo. B
15 0 15 ns &
Minimum EL pulse 5 120 60 ns
width; HIGH 10 tWELH 40 20 ns
15 30 15 ns
VDD - where
v typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1100 fj + Z(foCL) x Vpp? CL = load capacitance (pF)
dissipation per 10 5500 f; + Z(f,C1 ) x Vpp? Z(foCL) = sum of outputs
package (P) 15 16 000 fj + Z(foCL) x Vpp*? Vpp = supply voltage (V)
-— YWELH —=
EL INPUT 50% \
<h—tsu—¢—
=== Uhgld [=—
A, INPUT 50%

7274552

Fig. 5 Waveforms showing minimum pulse width for EL, set-up and hold times for A, to EL. Set-up
and hold times are shown as positive values but may be specified as negative values.
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HEF4516B
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BINARY UP/DOWN COUNTER

The HEF4516B is an edge-triggered synchronous up/down 4-bit binary counter with a clock input .
(CP), an up/down count control input (UP/DN), an active LOW count enable input (CE), an
asynchronous active HIGH parallel load input (PL), four parallel inputs (Pq to P3), four parallel out-
puts (Og to O3), an active LOW terminal count output (TC), and an overriding asynchronous master
reset input (MR).

Information on P 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/DN determines the direction of the count, HIGH for counting
up, LOW for counting down. When countingup, TC is LOW when Og to O3 are HIGH and CE is LOW.
When counting down, TC is LOW when Og to O3 and CE are LOW. A HIGH on MR resets the counter
(Og to O3 = LOW) independent of all other input conditions.

4 12 13 3
Po  |P4 Py P3
1 |PL
PARALLEL LOAD CIRCUITRY
15| CP Sp/Cp
5 |CE _
sep=——0 UP/DOWN TCcl 7
10] UP/DN COUNTER 16] [15] [14] [13] [12] [11] [10] [9
9 |MR Voo CP 02 P, Py 0y UP/ MR
Cp DN
3 HEF4516B
Op 03 |02 |03 PL 03 Py Py CE 0y TC Vgg
6 1 14 2 7273715.2 L 2] 3] laf L8] L8] [7] [8

7273714

Fig. 1 Functional diagram. Fig. 2 Pinning 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) UP/DN up/down count control input
Pg to P3 parallel inputs MR master reset input
CE count enable input (active LOW) TC terminal count output (active LOW)
CP clock pulse input (LOW to HIGH, Opto O3 parallel outputs
edge triggered)

FAMILY DATA l
see Family Specifications
Ipp LIMITS category MSI [

I | January 1995
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7274555

Fig. 3a Logic diagram (continued in Fig. 3b).
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Binary up/down counter HEF4516B
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7
e
il

rvrvirvr[

33 —xx @+ o

\V4 V4
YooYy

0, 0, 03

7274556

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

MR | PL | UP/DN CE | CP | mode

L H X X X parallel load
L L X H X no change

L L L L i count down
fL L H 15 i count up

H X X X X reset

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

X-= state is immaterial
/= positive-going transitio

Logic equation for terminal count:

n
0 il 1 2 i | s
- — <+ — <+ — <+ —

A : T
+ .. W
15 5
1 ?
v Dy
4 6
T
A | T
+ [ A
13 7
A : 4
v ' v
- — - —— - — - — >
12 | 1 0. 10 | _ 8
count up ——=—-—count down 7269576

Fig. 4 State diagram.

TC=CE- { (UP/DN)-0g- 01"

A.C. CHARACTERISTICS

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

02-03 + (UP/DN)-0q-01-05-03}

\ :
[\)/D typical formula for P (uW)
Dynamic power 5 1000 f; + Z(foCL) x Vpp?
dissipation per 10 4500 f; + Z(fo,C) x Vpp?
package (P) 15 | 11200 f; + Z(foC) x Vpp?

where

f; = input freq. (MHz)

fo = output freq. (MHz)
C| = load capacitance (pF)
Z(foCL) = sum of outputs
Vpp = supply voltage (V)

510
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Binary up/down counter HEF4516B
MSI

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

\Y . typical ext lati
'\)/D symbol | min. typ. max. L igr::ﬁloaa e
Propagation delays

CP — Op 5 145 290 ns 118 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 60 120 ns 49 ns + (0,23 ns/pF) C
15 45 90 ns 37 ns + (0,16 ns/pF) C_
5 155 310 ns 128 ns + (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 65 130 ns 54 ns + (0,23 ns/pF) C_
15 45 90 ns 37 ns+ (0,16 ns/pF) C_
cP —= TC 5 260 525 ns 233 ns + (0,55 ns/pF) C|_
HIGH to LOW 10 | tpHL 105 210 ns 94 ns + (0,23 ns/pF) C_
15 75 150 ns 67 ns + (0,16 ns/pF) C_
5 180 360 ns 153 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 75 150 ns 64 ns + (0,23 ns/pF) C_
15 56 115 ns 47 ns + (0,16 ns/pF) C_
PL — Op 5 125 255 ns 98 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 55 110 ns 44 ns + (0,23 ns/pF) C_
15 40 85 ns 32 ns + (0,16 ns/pF) C_
5 170 340 ns 143 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 70 140 ns 59 ns + (0,23 ns/pF) C_
15 50 105 ns 42 ns + (0,16 ns/pF) C_
PL — TC 5 250 500 ns 223 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 110 220 ns 99 ns + (0,23 ns/pF) C_
15 80 160 ns 72 ns + (0,16 ns/pF) C_
5 250 500 ns 223 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 110 220 ns 99 ns + (0,23 ns/pF) C_
15 80 160 ns 72 ns + (0,16 ns/pF) C_
CE — TC 5 165 330 ns 138 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 65 135 ns 54 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C_
5 145 290 ns 118 ns + (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 60 125 ns 49 ns + (0,23 ns/pF) C_
15 45 95 ns 37 ns + (0,16 ns/pF) C_
MR —s Op, TC 5 205 405 ns 178 ns + (0,55 ns/pF) C|_
HIGH to LOW 10 | tpHL 65 130 ns 54 ns + (0,23 ns/pF) C
15 45 85 ns 37 ns+ (0,16 ns/pF) C
MR —= TC 5 225 450 ns 198 ns + (0,55 ns/pF) C
LOW to HIGH 10 |tpLH 75 150 ns 64 ns + (0,23 ns/pF) C
15 50 100 ns 42 ns + (0,16 ns/pF) C_
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A.C. CHARACTERISTICS

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

VpD ’ typical extrapolation
Y, symbol | min. typ. max. formula
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Minimum clock 5 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
Ph — PL 10 | tgy 50 25 ns
15 40 20 ns see also waveforms
5 250 125 ns Figs 5 and 6
UP/DN —» CP 10 | tgy 100 50 ns
15 75 35 ns
. 5] 120 60 ns
CE — CP 10 | tgy 40 20 ns
15 25 10 ns
Hold times 5 10 -40 ns
Pp === 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
T 5 20 -40 ns
CE — 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

HEF4516B
MSI

—

CP INPUT 50% 50 %

~

Ll

CE INPUT 50°% 50

o
>

<+—tgy —>le—thod >ty >lethog >

UP/DN INPUT 50 % 50 % 50 %

4

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

< twpLh >+ trPL >

PL INPUT ‘)/50_%_\\50%
<ty thod [+

P, INPUT %50"/0 50%

MR INPUT 50 % 50 %

50 %

b

—  le—1trMRr

<+ twRMH—> 7275081.1

Fig. 6 Waveforms showing minimum pulse width for PL and MR, recovery time for PL and MR and

set-up and hold times for P, to PL.
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HEF4517B
LS

DUAL 64-BIT STATIC SHIFT REGISTER

The HEF45178B 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/EQ) and four 3-state
outputs of the 16th, 32nd, 48th and 64th bit positions (O1g to Og4). Data at the D input is entered
into the first bit on the LOW to HIGH transition of the clock, regardless of the state of PE/EO.

When PE/EO is LOW the outputs are enabled and the device is in the 64-bit serial mode.

When PE/EO is HIGH the outputs are disabled (high impedance OF F-state), the 64-bit shift register is

divided into four 16-bit shift registers with D, 016, 032 and O4g as data inputs of the 1st, 17th, 33rd,
and 48th bit respectively. Schmitt-trigger action in the clock input makes the circuit highly tolerant
to slower clock rise and fall times.

D
: c: Dy  64-BIT STATIC SHIFT REGISTER
4|CPa
cP 046/Dq7 O37/D33 048/Dag Ogg
A A 4 A
_ v v v v
PE/EO
2 Al INPUT/3-STATE —OUTPUT CIRCUITRY
[ Ogaa |5
O4gAa |2
0324 |6
O16a |1
D
218 Dy  64-BIT STATIC SHIFT REGISTER
12|CP8
CP  046/Dq7 O33/D33 O4g/Dgg Ogy
Iy 1
/__O v 1 ; A
PE/E
13 Bl INPUT/3-STATE - OUTPUT CIRCUITRY
[ O648 |11
OsgB |14
0328 |10
O168B |15
7274569.1
Fig. 1 Functional diagram.

FAMILY DATA l

see Family Specifications
Ipp LIMITS category LSI I
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PINNING
CPa, CPg

PE/EOp, PE/EOR
Da, Dp

O16A. 0324A, O48A
O168. 0328, 0488
Og4A. Op4B

PE/EOg

78] [f8] i3] [13] [2] [ [io] [3]

Vpp O168 Osgs CPg Og4p O328 DB

» HEF4517B

016A048a  CPAOganO32a DA Vss

U 2] (3] [af L] [e] (7] L&

PE/E)A 72745711

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

clock inputs

parallel input-enable/output-enable inputs
data inputs

3-state outputs/inputs

3-state outputs/inputs

3-state outputs

516
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Dual 64-bit static shift register
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HEF4517B
LSI
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Dual 64-bit static shift register HEF4517B
LSl

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

V\[;D typical formula for P (uW) ‘fl‘;te;sput freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 7000 f; + Z(foCL) x Vpp? C| = load capacitance (pF)
dissipation per 10 | 28000 fj + Z(foCp) x Vpp? Z(foCL) = sum of outputs
package (P) 156 | 70000 f; + Z(foCL) x Vpp? Vpp = supply voltage (V)

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

VbD . typical extrapolation
Vv symbol | min. typ. max. bosrensiila
Propagation delays
CP —= Op 5 220 440 ns 193 ns + (0,55 ns/pF) C_
HIGH to LOW 10 |tpHL 85 170 ns 74 ns + (0,23 ns/pF) C_
15 60 120 ns 52 ns + (0,16 ns/pF) C_
5 190 380 ns 163 ns + (0,55 ns/pF) C_
LOW to HIGH 10 [tpLH 75 150 ns 64 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGHto LOW | 10 |tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C
LOW to HIGH 10 |tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C|_
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A.C. CHARACTERISTICS
Vgs=0V; Tamp = 25 °C; C|_ = 50 pF; input transition times < 20 ns

V\?D 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
Op, D —» CP 10 |t 25 5 5 , ;eie a‘I‘so waveforms
15 20 5 ns Lala
Hold time 5 45 15 ns
Oy, D — CP 10 | thold 30 10 ns
15 25 10 ns
3-state propagation
delays
Output_gisable times
PE/EO —» Op 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
Outpu_t_enable times
PE/EO — Op 5 45 90 ns
HIGH :(5) tpzH gg ig ns
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 HEF4517B
LSI

CP INPUT

0, D INPUT 50% 7

7274570.1

Fig. 4 Waveforms showing minimum clock pulse width, set-up and hold times for Oy, (as data input)
and D to CP.
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DUAL BCD COUNTER

The HEF4518B is a dual 4-bit internally synchronous BCD counter. The counter has an active HIGH
clock input (CPq) and an active LOW clock input (CP1), buffered outputs from all four bit positions
(Og to O3) and an active HIGH overriding asynchronous master reset input (MR). The counter ad-
vances on either the LOW to HIGH transition of the CPq input if CPq is HIGH or the HIGH to LOW
transition of the CP¢ input if CPq is LOW. Either CPq 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 (Og to O3 = LOW) independent of CPq, CP1.

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

OoA|3
1|CPoA
P °—| O1a|4
Cp
: L DO— O2als 18] [15] [a] [13] [12] [1] [to] [¢
O3ale Vop MRg O35 02 O1g Ogg CPigChys
HEF45188B
7|MRA | ol
CPyaCPiaOga O4a O24 034 MR, Vsg
OoB |11 1] 12 [3] |a] |s] |8 [7] |8
iCPOB o 726951
= | 18112 Fig. 2 Pinning diagram.
10]CP18 DO_ 02813
03814
15 |MRg | HEF4518BP(N): 16-lead DIL; plastic (SOT38-1)

HEF4518BD(F): 16-lead DIL; ceramic (cerdip) (SOT74)
HEF4518BT(D): 16-lead SO; plastic (SOT109-1)

B 1 Forefomd diseis 7269556.1 (). Package Designator North America
PINNING APPLICATION INFORMATION
CPpa. CPpg  clock inputs (L to H triggered) Some examples of applications for the
CPya, CP1g  clock inputs (H to L triggered) HEFA4518B are:

MRA, MRg  master reset inputs e Multistage synchronous counting.
Opa to O3a  outputs @ Multistage asynchronous counting.
Ogg to O3 outputs e Frequency dividers.

FAMILY DATA
see Family Specifications
Ipp LIMITS category MSI

w ( January 1995 523



A

HEF4518B

MsI

2'86ESLZL

uoilisues) bujob-anijebau =\

uoiisuesy butob-aanisod = /

|elJaleww s d1e1s = X

(abeyjon annnisod sse| ay1) a1e1s MO = 1
(abeyjon annisod aiow ayl) a1e1s HO|H = H

*(483un0d 8uo) wedbelp o160 ¢ ‘bi4

mol1=€0a00 | H | X X
abueyo ou 1 R H
abueyd ou T i i
abueyo ou 1 Vs X
abueyo ou 1 X L

S9OUBAPE 131UN0J | B Y T

S9OUBApE J3}UNOD 5| H Vi

apow 4 | 4o | 04D

379V.L NOILONNAS

G
X}
7}

January 1995\ (

524




Dual BCD counter

HEF4518B

MSI

A.C. CHARACTERISTICS

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

VbD

typical extrapolation

v symbol | min.  typ. max. ——
Propagation delays
CPg, CP1 —= 0O, 5 120 240 ns 93 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 55 110 ns 44 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
5 120 240 ns 93 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 55 110 ns 44 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
MR — Op 5 75 150 ns 48 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 35 70 ns 24 ns + (0,23 ns/pF) C_
15 25 50 ns 17 ns+ (0,16 ns/pF) C|
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Minimum CPq 5 60 30 ns
pulse width; LOW 10 | twepL | 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 s alsmiilorens
for MR 10 | tRMR 30 15 ns A
15 20 10 s Figs 4 and 5
Set-up times 5 50 25 ns
CcPg — CPq 10 | tg, 30 15 ns
15 20 10 ns
o 5 50 25 ns
CPq1 —= CPg 10 | tgy 30 15 ns
15 20 10 ns
Maximum clock 5 8 16 MHz
pulse frequency 10 | fmax 15 30 MHz
15 20 40 MHz

\ ﬂanuary 1995
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A.C. CHARACTERISTICS
Vgg =0V; Tamp = 25 OC; input transition times < 20 ns

VbD 5 where
v_ | typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 750 f; + Z(foCL) x Vpp? C|_ = load capacitance (pF)
dissipation per 10 | 3300 f; + Z(foCp) x Vpp? Z(foC) = sum of outputs
package (P) 15 | 8000 f; + =(f,CL) x Vpp? Vpp = supply voltage (V)
CPq INPUT
(CPp = LOW) Sa%
<—tWCPH =
CPg INPUT
(CPq = HIGH) 50%
=—tWePL—*

MR INPUT m
<~—tWMRH—!tRMR = 7269663.1

Fig. 4 Waveforms showing recovery time for MR; minimum CPo, CP1 and MR pulse widths.

CPq INPUT ][50% \

CPy INPUT  150% \

— tsu . — ts|_‘| -
0, OUTPUT 50%
tpLH ™ I tpHL ™ =3

7269664.2
Fig. 5 Waveforms showing set-up times for CPg to CPq and CP to CPq, and propagation delays.
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HEF4519B
mSsI

QUADRUPLE 2-INPUT MULTIPLEXER

The HEF4519B provides four multiplexing circuits with common select inputs (Sp, Sg); each circuit
contains two inputs (A, Bp) and one output (Op). It may be used to select four bits of information
from one of two sources.

The "A" inputs are selected when Sp is HIGH, the 'B” inputs when Sg is HIGH. When Sp and Sg are
HIGH, the output (Op,) is the logical EXCLUSIVE-NOR of the A, and B, inputs (O, = A, ® Bp).

When S and Sg are LOW, the output (O,,) is LOW, independent of the multiplexer inputs (A, and Bp).
The HEF4519B cannot be used to multiplex analogue signals. The outputs utilize standard buffers for
best performance.

6 ¥ 4 5 2 3 1B |1

Ao Bo A1 B] A2 32 A3 83
9 |5a
MULTIPLEXER
14|58
INH OUTPUTS
7269528.3 10 1] 12 13
Fig. 1 Functional diagram.
18] [15] [1a] [13] [12] [11] [10] [s
Vop A3 Sg O3 0z 04 Op Su P——
HEF4519BP(N): 16-lea . plastic
o HETSERE (SOT38-1)
By A, B, Ay By Ay Bg Vss HEF45198D(F):16-§$d I))lL; ceramic (cerdip)
(SOT74
Ul el ) e HEF4519BT(D): 16-lead SO; plastic
Fia. 2 Pinning di (SOT109-1)
9 MIRIT el (): Package Designator North America
PINNING
SA. S selects inputs (active HIGH)
Ag to A3 multiplexer inputs
Bg to B3 multiplexer inputs
Op to O3 multiplexer outputs
FAMILY DATA

see Family Specifications
Ipp LIMITS category MSI
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Aq

By

Az

By

A3

FUNCTION TABLE

o
|>°_ %o

Y'Y

i

Do

VV VY

e

inputs output
SA | SB | An |Bn On
LiL|X|X L
HiLJ|Ay|X An
L|H|X |Bp Bn
HIHIL | LE H
HiHIH|L L
H|H|L |H L
H|H]|H]|H H

Fig. 3 Logic diagram.

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

530 January 1995



Quadruple 2-input multiplexer

HEF4519B

MSI

A.C. CHARACTERISTICS

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

typical extrapolation

VbD
v symbol typ. max. PO
Propagation delays
Ap, B Op 5 95 190 ns 68 ns + (0,55 ns/pF)C_
HIGH to LOW 10 tPHL 40 80 ns 29 ns + (0,23 ns/pF)C
15 30 60 ns 22 ns + (0,16 ns/pF)C_
5 80 160 ns 53 ns + (0,55 ns/pF)C
LOW to HIGH 10 | tpLH 40 80 ns | 29ns+(0,23ns/pF)CL
15 30 60 ns 22 ns + (0,16 ns/pF)Cy_
SA, Sg — Op 5 95 190 ns 68 ns + (0,55 ns/pF)C
HIGH to LOW 10 | tpHL 40 80 ns | 29ns+(0,23 ns/pF)C|
15 30 55 ns 22 ns + (0,16 ns/pF)C_
5 85 165 ns 58 ns + (0,55 ns/pF)C_
LOW to HIGH 10 tPLH 40 80 ns 29 ns + (0,23 ns/pF)C_
15 30 60 ns 22 ns + (0,16 ns/pF)C_
Qutput transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 tTTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 tTLH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
VDD typical formula for P (uW) where
\ f; = input freq. (MHz)

] fo = output freq. (MHz)
Dynamic power 5 1000 fj + Z(f,C) x Vpp? C| = load capacitance (pF)
dissipation per 10 6000 f; + Z(f,CL) x Vpp°* Z(foCLL) =sum of outputs

package (P) 15 | 17000 f; + =(f,C) x Vpp?

Vpp = supply voltage (V)

APPLICATION INFORMATION
Some examples of applications for the HEF4519B are:

® 2-input multiplexers.

® True/complement selectors.

W ﬂmuary 1995
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DUAL BINARY COUNTER

The HEF4520B is a dual 4-bit internally synchronous binary counter. The counter has an active HIGH
clock input (CPq) and an active LOW clock input (C_P1), buffered outputs from all four bit positions
(Og to O3) and an active HIGH overriding asynchronous master reset input (MR). The counter advances
on either the LOW to HIGH transition of the CPq input if ﬁ1 is HIGH or the HIGH to LOW transition
of the CPq input if CPq is LOW. Either CP or CPq 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 (Og to
03 = LOW) independent of CPg, CP1.

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

times.

OoA|3
== O1a|4
cp 6] 5] [1a] [13] fiz] [] [ro] [s
Lt O2al5 Voo MRg 03 O25 O1g Oog CRgChoe
03al6 ) HEF4520B
7|MRA ] CPoACP1A00a O1a 024 034 MR4 Vsg
1T 12 3] el 5] e 7] 18
OOB 1 7269516
9|CPoB Fig. 2 Pinning diagram.
— O—L 01812
10|CP1B 02813
O3B|14
16| MRy | HEF4520BP(N): 16-lead DIL; plastic
(SOT38-1) _ _
;769556.1  EF4520BD(F): 1(65—(‘;?34?“_; ceramic (cerdip)
Fig. 1 Functional diagrant, HEF4520BT(D): 16-lead SO; plastic
(SOT109-1)
PINNING (): Package Designator North America
CPpa. CPog  clock inputs (L to H triggered)
CPqa, CP1g clock inputs (H to L triggered)
MRA ., MRg  master reset inputs
Opa to O3 outputs
Opp to O3g  outputs
FAMILY DATA

see Family Specifications
Ipp LIMITS category MSI
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Dual binary counter

HEF4520B

MSI

A.C. CHARACTERISTICS

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

typical ext lation
V'\DID symbol | min.  typ. max. VR f(:(”;auplg et
Propagation delays
CPg, CP1 —= Op, 5 110 220 ns 83 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 50 100 ns 39 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns+ (0,16 ns/pF) C_
5 110 220 ns 83 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 50 100 ns 39 ns + (0,23 ns/pF) C_
' 15 40 80 ns 32 ns+ (0,16 ns/pF) C
MR —= Op 5 75 150 ns 48 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 35 70 ns 24 ns + (0,23 ns/pF) C
15 25 50 ns 17 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns + (1,0 ns/pF) C_
HIGH to LOW 10 | tTHL 30 60 ns 9 ns + (0,42 ns/pF) C
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 | tTLH 30 60 ns 9 ns + (0,42 ns/pF) C|_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Minimum CPq 5 60 30 ns
pulse width; LOW 10 | twcpL 30 15 ns
16 20 10 ns
Minimum CPq 5 60 30 ns
pulse width; HIGH 10 | twepH | 30 15 ns
15 20 10 ns
Minimum MR 5 30 15 ns
pulse width; HIGH 10 | twmMRH| 20 10 ns
15 16 8 ns
Recovery time 5 50 25 ns I AP —
for MR 10 tRMR 30 15 ns Figs4 and 5
15 20 10 ns .
Set-up times 5 50 25 ns
CPg —= CPq 10 | tgy 30 15 ns
15 20 10 ns
5 50 25 ns
CP1 — CPg 10. | tsy 30 15 ns
15 20 10 ns
Maximum clock 5 8 16 MHz
pulse frequency 10 | fmax 15 30 MHz
15 20 40 MHz

w (January 1995
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A.C. CHARACTERISTICS
Vgg =0 V; Tamp = 25 OC; input transition times < 20 ns

where
f; = input freq. (MHz)
fo = output freq. (MHz)

VBD typical formula for P (uW)

Dynamic power 5 850f; + Z(f,C) x Vpp? CL = load capacitance (pF)
dissipation per 10 | 3800f; + Z(fo,C) x Vpp? Z(foCL) = sum of outputs
package (P) 16 [10200f; + Z(f,C) x Vpp? Vpp = supply voltage (V)

CPq INPUT
(CPg=LOW) W
<—tWCPH =
2 e m
~—twCPL =
MR INPUT m
~<—twMRH—!TRMR =

Fig. 4 Waveforms showing recovery time for MR; minimum CPq, CPq and MR pulse widths.

g e \
] \

7269663.1

CP, INPUT £50% \
—| tsu |- —! tsy |-
Op OUTPUT 50%
tpLH ™ = tpHL -

7269664.2
Fig. 5 Waveforms showing set-up times for CPq to CPq and CP to CP, and propagation delays.
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HEF4521B
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24-STAGE FREQUENCY DIVIDER AND OSCILLATOR

The HEF4521B 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
(I2/09) 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 (Vgg') and 5 (Vpp').
Each flip-flop divides the frequency of the previous flip-flop by two, consequently the HEF4521B

will count up to 22*=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
Vpp' 0, MR Iq
i
.12 o— cP
STAGES 1108
Cp 0
3 |Vss ?
cP
——0 STAGES 9 to 16
[_ ]
cP
STAGES 17 to 24
—oO —<p
L e|
—0
024[018]019]020{021|022|023 04
7274862.1 [1 Tio f11 12 113 T1a |15 7
Fig. 1 Functional diagram.
FAMILY DATA

Ipp LIMITS category MSI

} see Family Specifications
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m ﬁa m I-E] [1—2-1 [1—1-| W m COUNT CAPACITY

Vop 023 022 021 Op 019 O48 Iy output count capacity

D) HEF45218 018 2% = 262144
O19 2'% =524 288

024 MR Vss' Oy Vpp' l2 07 Vgs 090 220 = 1048576

L [2] [3] (o] [s] [e] [z] [&] 021 22" =2097 152

Fig. 2 Pinning diagram. S 022 22 =4194304
023 22% = 8388608
HEF4521BP(N): 16-lead DIL; plastic (SOT38-1) 0924 2% = 16777216

HEF4521BD(F): 16-lead DIL; ceramic (cerdip) (SOT74)
HEF4521BT(D): 16-lead SO; plastic (SOT109-1)
(): Package Designator North America

FUNCTIONAL TEST SEQUENCE

control

inputs A
P terminals

outputs
remarks

MR | I | O2 | Vss' | Vpp | O1gto0O24

counter is in three 8-stage sections
H L L VDD Vss L in parallel mode; |2 and Oy are
interconnected (02 is now input);
counter is reset by MR

255 pulses are clocked into I9, Op

L 4L gl VDD Vgs H (the counter advances on the LOW
to HIGH transition)

L L 5 Vss Vss H Vgg' is connected to Vgg

L H 2 Vgs Vgs H the input |9 is made HIGH
Vpp' is connected to Vpp; Og is

L H L Vgs VDD H now made floating and becomes an
output; the device is now in the
22% mode

L \ Vss Yon 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 Vgg' to Vpp
and Vpp' to Vgs. Via I9 (connected to O9) 255 counts are loaded into each of the 8-stage sections in
parallel. All flip-flops are now at a HIGH state. The counter is now returned to the normal 24-stage in
series configuration by connecting Vgg' to Vgg and Vpp' to Vpp. One more pulse is entered into
input I, which will cause the counter to ripple from an all HIGH state to an all LOW state.
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Vss

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

VpD
— —
[ — >
=
- 10
i * FFs
_I'—K—‘ S
Vss' T

Vbop

—— to logic

7284276

Fig. 4 Schematic diagram of
clock input circuitry.

VDD ; typical extrapolation
v symbol [ min. typ. max. Foriila
Propagation delays
lp —= 013 5 950 1900 ns 923 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 350 700 ns 339 ns + (0,23 ns/pF) C_
15 220 440 ns 212 ns + (0,16 ns/pF) C_
5 950 1900 ns 923 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 350 700 ns 339 ns + (0,23 ns/pF) C_
15 220 440 ns 212 ns + (0,16 ns/pF) C_
Oh— Op+1 5 40 80 ns 13 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 15 30 ns 4 ns + (0,23 ns/pF) C_
15 10 20 ns 2ns + (0,16 ns/pF) C_
5 40 80 ns 13 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 15 30 ns 4 ns + (0,23 ns/pF) C_
15 10 20 ns 2ns + (0,16 ns/pF) C_
MR — Op 5 120 240 ns 93 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 55 110 ns 44 ns + (0,23 ns/pF) C_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
11 —= 04 5 90 180 ns 63 ns + (0,55 ns/pF) C_
HIGH to LOW 10 | tpHL 35 70 ns 24 ns + (0,23 ns/pF) C_
15 25 50 ns 17 ns + (0,16 ns/pF) C_
5 60 120 ns 33 ns + (0,55 ns/pF) C
LOW to HIGH 10 | tpLH 30 60 ns 19 ns + (0,23 ns/pF) C_
15 20 40 ns 12 ns + (0,16 ns/pF) C_
Output transition

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

5 60 120 ns 10 ns + (1,0 ns/pF) C_
LOW to HIGH 10 | tFLH 30 60 ns 9 ns + (0,42 ns/pF) C
15 20 40 ns 6 ns + (0,28 ns/pF) C_
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24-stage frequency divider and oscillator

HEF4521B

A.C. CHARACTERISTICS

Vg =0V; Tamp = 25 OC; C_ =50 pF; input transition times < 20 ns

Vl\)/D symbol | min.  typ. max.
Minimum 12 pulse 5 80 40 ns
width; HIGH 10 | twi2H 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 . where
Vv typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1200 f; + 2(f,C) x Vpp? C = load capacitance (pF)
dissipation per 10 5100 fj + Z(foC) x Vpp? Z(foCy) = sum of outputs
package (P) 15 | 13050 f; + =(f,C) x Vpp? Vpp = supply voltage (V)
MR INPUT 50% \
= TWMRH [
lo INPUT 50%
tRhﬂR' - - e ‘VVI2P4 —

7274564

Fig. 5 Waveforms showing minimum pulse widths for MR and |9, recovery time for MR.
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APPLICATION INFORMATION

Vbp
o [Je | (e
D Voo Voo’
— |4 01—
02
o 018
~ 'V
h @ '
AL ] -
w
T [}
i b=
o A4 1 b
—-CS CT — VIR 02'4.-—
Vg Vsg'
7285109 R(1)
d 7

(1) Optional for low power operation.

Fig. 6 Crystal oscillator circuit.

Typical characteristics for crystal oscillator circuit (Fig. 6):

500 kHz 50 kHz .
- s unit
circuit circuit
Crystal characteristics
resonance frequency 500 50 kHz
crystal cut S N -
equivalent resistance; Rg 1 6,2 kQ
External resistor/capacitor values
Ro 47 750 kQ
Ct 82 82 pF
Cs 20 20 pF

544

January 1995\ l




24-stage frequency divider and oscillator HEF4521B

MSI

Rtc Vbb
C
Rg Voo Vob'
02
o 018—
= 1 —
= L 3 L . Fig. 7 RC oscillator circuit;
W I
w = e s R332 Rrp, iInwhichs:
o : o f 2,3xRTCxC'Rs/2 TC, inw
I finHz, RinQ,CinF.
1
MR  Oz4—
Vgs Vs’ Rs + RTc < ViLmax (maximum input voltage LOW)
Iy (input leakage current)
77 1285110
102 7285111
N
fosc = 5
A, N\,
(kHz) N[ N
N N
\\ \
10 S
— — — R1ciC=1nF;
" Rs~2R1c
N ——C; RTc=56kQ;
\\ \ Rg =120 kQ
N
N
N
\\ N
1 %
AN
N\,
N
\\
N
10-1 h
1 10 102 Ryc (k@) 103
10-1 1 10 C (nF) 102

Fig. 8 Oscillator frequency as a function of RT¢ and C; Vpp = 10 V; test circuit is Fig. 7.
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APPLICATION INFORMATION (continued)

Ripjas = 560kS2
| S g
:VﬁDD
0147'& input : I output l?io“F
v v I2 09 )
(f = 1 kHz) »’ﬁ ig ™
o - Vss

7Z84363.A

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

7284364
10 Curves in Fig. 10:
9fs Bl Q: average, ’
7 : average + 2,
(mA/V) C: average —2 s, in which:
= ‘s’ is the observed standard
75 5/ deviation.
/
/
// G
5 f 5
ANDd
J b
(/1 V
25
/
/
/
.
7
0
0 5 10 Vpp (V) 15

Fig. 10 Typical forward transconductance g as a
function of the supply voltage at Tymp = 25 ©C.
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24-stage frequency divider and oscillator HEF4521 B

MSI
7284251.1 72842571
50 20
'pp
g 1 (mA)
gain \
Vo/V)) 15
typ /
typf
/
25 AN 10
N
e
5
/f
4
VA
0 0
0 5 10 Nipp (V)15 0 5 10 Voo (V)15
Fig. 11 Voltage gain (Vg/V) as a function Fig. 12 Supply current as a function
of supply voltage. of supply voltage.
330k
Fig. 13 Test set-up for measuring graphs
Iz Oy  of Figs 11 and 12.
7284463
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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 (CPg, CP1), an asynchronous parallel load input (PL), four parallel inputs (Po
to P3), a cascade feedback input (CF), four buffered parallel outputs (Og to O3), 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 Pq 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 6!51 are LOW, the counter advances on a
LOW to HIGH transition of CPg. When PL is LOW and CPq is HIGH, the counter advances on a HIGH
to LOW transition of CP4. TC is HIGH when the counter is in the zero state (Og =01 =05 = 03 = LOW)
and CF is HIGH and PL is LOW. A HIGH on MR resets the counter (Og to O3 = LOW) independent of
other input conditions.

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

3 5 |11 [14 |2
PL Po [P1 [P2 [P35
PARALLEL LOAD
CIRCUITRY
6]CPo Cp/Sp
| = BCD
cP
= DOWN
cp L/
i—’Do—r COUNTER
Cp
031
02]15
019
10|MR
Oo|7
ZERO TC|12
13lcr DETECTOR
7274612.2
Fig. 1 Functional diagram.
FAMILY DATA

} see Family Specifications
Ipp LIMITS category MSI
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HEF4522B
mSI

[ [l 4] [3] 2] [ el [5]

Vpp Op P, CF TC P; MR O

D R —— HEF4522BP(N): 1(g-é)eTaé18_D1l)L; plastic

HEF4522BD(F): 16-lead DIL; ceramic (cerdip)

O3 P3 PL CPy Py CPgp Og Vgg (SOT74)
HEF4522BT(D): 16-lead SO; plastic
U (2] (3] [a) s [e] [2] L8] (SOT109-1)
7z74611 (). Package Designator North America
Fig. 2 Pinning diagram.
PINNING
PL paralle! load input
PotoP3  parallel inputs
CF cascade feedback input
CPo clock input (LOW to HIGH, triggered)
CPq clock input (HIGH to LOW, triggered)
MR asynchronous master reset input
TC terminal count output
Opto O3  buffered parallel outputs
COUNTING MODE FUNCTION TABLE
CF=HIGH; PL=LOW; MR = LOW
o outputs MR | PL | CPg | CPq | mode
03 | 02 | Of 0o H X A X | reset (asynchronous)
1% H X X preset (asynchronous)
9 H L t ::I L L / H no change
8 H L L L L N\ no change
7 L H H H Ik L N X | nochange
6 L H H L L L X S no change
5 L H L H 1% L o L counter advances
4 L H L L L L H Y counter advances
3 L L H H H = HIGH state (the more positive voltage)
2 L L H L L = LOW state (the less positive voltage)
1 Ls L L H X = state is immaterial
0 L L L L / = positive-going transition

\L = negative-going transition

550
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Programmable 4-bit BCD down counter

HEF4522B

MSI
SINGLE STAGE OPERATION
Divide-by-n; MR = LOW; CF = HIGH; CP1 = LOW
divide TC output
PL | P
3 | P2 P Po| pulse width
L X X X X 10 one clock
period
TG H H H H 15
TC H H H L 14
TC H H L H 13
TC H H L L 12
TC H L H H 11
TC H I H L 10
TC H L L H 9 clock pulse
TC H L L L 8 HIGH
TE L H H H 7
TC L H H L 6
TC L H L. H 5
TC L H L L 4
TC L L H H 3
TC L L H k= 2
TC L L L H 1
TC I L L L no operation
0 1 2 3 4
15 5
14 6
13 7
12 1 10 9 8
7274617
Fig. 3 State diagram.
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Programmable 4-bit BCD down counter HEF4522B
Msl

A.C. CHARACTERISTICS
Vgs =0 V; Tampb = 25 ©C; input transition times < 20 ns

VbD : where
v typical formula for P (uW) = input freq. (MHz)

fo = output freq. (MHz)

Dynamic power 5 1000 f; + Z(foC) x Vpp? C|_ = load capacitance (pF)
dissipation per 10 4000 fj+ Z(f4C) x Vpp? Z(foCL) = sum of outputs
package (P) 15 10000 f; + =(f,C) x Vpp? Vpp = supply voltage (V)

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

Vpp . typical extrapolation
Vv symbol | min. typ. max. vl
Propagation delays
CPg, CPq — O 5 150 300 ns 123 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 65 130 ns 54 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C_
5 150 300 ns 123 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tpLH 65 130 ns 54 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C_
CPg, CPy —= TC 5 210 420 ns 183 ns + (0,55 ns/pF) C|_
HIGH to LOW 10 tPHL 90 180 ns 79 ns + (0,23 ns/pF) C_
15 70 140 ns 62 ns + (0,16 ns/pF) C_
5 210 420 ns 183 ns + (0,55 ns/pF) C
LOW to HIGH 10 tpLH 90 180 ns 79 ns + (0,23 ns/pF) C_
15 70 140 ns 62 ns + (0,16 ns/pF) C_
PL — Op 5 200 400 ns 173 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 80 160 ns 69 ns + (0,23 ns/pF) C_
15 60 120 ns 52 ns + (0,16 ns/pF) C_
5 180 360 ns 153 ns + (0,55 ns/pF) C_
LOW to HIGH 10 tPLH 70 140 ns 59 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C_
MR —= Op 5 140 280 ns 113 ns + (0,55 ns/pF) C_
HIGH to LOW 10 tPHL 55 110 ns 44 ns + (0,23 ns/pF) C|_
15 40 80 ns 32 ns + (0,16 ns/pF) C|_
Qutput transition
times ] 60 120 ns 10ns+ (1,0 ns/pF) C
HIGH to LOW 10 tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C|_
5 60 120 ns 10ns+ (1,0ns/pF) C_
LOW to HIGH 10 | t1uH 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
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HEF4522B
MSI

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

V'\D/D symbol | min. typ. max.
Minimum clock 5 80 40 ns
pulse width; CPq 10 twePL 40 20 ns
LOW 15 30 15 ns
Minimum clock 5 80 40 ns
pulse width; CP4 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
f
pulse width; HIGH | 10 | twmgrHy | 50 25 ns s;f::‘;:(’fée S
15 40 20 ns g
Hold time 5 30 5 ns
Pn—= PL 10 thold 20 5 ns
15 15 5 ns
Set-up time 5 30 0 ns
Phn—= PL 10 tsy 20 0 ns
15 15 0 ns
Maximum clock 5 6 12 MHz l
pulse frequency 10 fmax 12 25 MHz J see note
PL = LOW 15 16 32 MHz
Note

In the divide-by-n mode (PL connected to TC), one has to observe the maximum HIGH to LOW
propagation delay for CP to TC, before applying the next clock pulse.

554 January 1995 w (



Programmable 4-bit BCD down counter

HEF4522B
sl

b

PL INPUT

P, INPUT

Op OUTPUT

50%

—| 'PLH |e—

-

50%

—> PHL |«

7284145

Fig. 5 Waveforms showing minimum PL pulse width, propagation delays for PL, P, to O, and hold

time for PL to P,

CPq

INPUT i

o,
INPUT

On
OUTPUT

TC
OUTPUT

50%
<+ twepL —
50%
: —tPLH —
50%
: | «—PLH —

TSO% \
+— tWCPH —>

—»l IpLy le—

7284144

Fig. 6 Waveforms showing minimum CPq and @1 pulse widths, propagation delays for CPg, CPj to

Op and TC.

| (January 1995

555



HEF4522B
MS!

APPLICATION INFORMATION
Some examples of applications for the HEF4522B are:
@ Divide-by-n counter

® Programmable frequency divider

cycle inhibit
Vpp —0e
[ 11 [ T
- OD 01 02 03 Oo 01 02 03
PL =Pl
V
—— CF O] CF
—+ 1vr HEF45228B TcH — MR HEF45228B TE
= 5D — M.S.D.
CPq bL.5.D) |— CPy ( )
clock CPO Cpo
‘/— Po Py Py P3 Po Py Py Py
10 kS2 10k&2
(4x) (4x)
7 4 7 7 7 4 7
o o o o] o o
S { f n0 S { { -/- ( nl
V V
master Do 212 7284142

reset

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:

i)
8
n0 ni
1 1

LES 0 ——» 0 ~—» stop at LOW

L.S.D. counter M.S.D. counter
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Programmable 4-bit BCD down counter

HEF4522B
MSI

f0=fi/n
| | | [ g | | I
Op 07 0y O3 Op 0y 0Oz O3
PL PL
v
CF PR lce
MR HEF45228 Tc - —lvr HEF45228 TC
e (L.S:B.) — (M.S.D.)
|——~CF‘1 — CP;
clock CP, CP,
0 0
4 i Po Py Py Pg Po Py Py P3
4 a
10kQ 10k
(4x) (4x)
I’ v 4 2 2 -4 - v
o 6 o o o o o o
s { { { / no S { { f { n1
v v,
master DD 0D 7284143

reset

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:

8

n0 nl «—

2 2

1 1
Lreg . 2
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 (CPq, CP4), an asynchronous parallel load input (PL), four parallel inputs (Po
to P3), a cascade feedback input (CF), four buffered parallel outputs (Og to O3), 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 Pg 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 CPq are LOW, the counter advances on a
LOW to HIGH transition of CPg. When PL is LOW and CPq is HIGH, the counter advances on a HIGH
to LOW transition of CPq. TC is HIGH when the counter is in the zero state (Og =01 =02 =03 =
LOW) and CF is HIGH and PL is LOW. A HIGH on MR resets the counter (Og to O3 = LOW)
independent of other input conditions.

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

3 5 [11 |14 |2
PL Po |P1 |P2 |P3
PARALLEL LOAD
CIRCUITRY
6/ Po Cp/Sp
L_L BINARY
. ) cp DOWN
411 Do_[_ COUNTER
Cp
031
02|15
10{MR 88 3
ZERO TC|12
DETECTOR
13|CF Fig. 1 Functional diagram.
7Z284109.1
FAMILY DATA \

see Family Specifications
Ipp LIMITS category MSI J
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HEF4526B
S

[16] [1s] [1a] [13] [12] [11] [ro] [o]

D) HEF45268B

. HEF4526BP(N): 16-lead DIL; plastic
03 Pz PL CPy Py CPy Op Vgg (SOT38-1)

HEF4526BD(F): 16-lead DIL; ceramic (cerdip)
L (2] [3] o] Ls] Le] 2] L8] el .
7274610 HEF4526BT(D): 16-lead SO; plastic
(SOT109-1)
(): Package Designator North America

Fig. 2 Pinning diagram.

PINNING

PL parallel load input

Pg to P3 parallel inputs

CF cascade feedback input

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

TC terminal count output

Ogto O3  buffered parallel outputs

COUNTING MODE

CF = HIGH; PL= LOW; MR = LOW FUNCTION TABLE
outputs MR | PL | CPg | CPq | mode
count 3 5 5 =
3 2 1 0 H X X X reset (asynchronous)
15 H H H H L H X X preset (asynchronous)
14 H H H I L I i H no change
13 H H L H L I L e no change
12 H H L L L. L Y X no change
L. L X / no change
:8 : t : *: L L Vi L counter advances
L L H
9 H L L H LY counter advances
8 H L L L H = HIGH state (the more positive voltage)
7 L H H H L = LOW state (the less positive voltage)
6 L H H L X = state is immaterial
5 L H L H / = positive-going transition
4 L H L L \l = negative-going transition
3 L L H H
2 L L H L
1 L I L H
0 L, L L L
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Programmable 4-bit binary down counter

HEF4526B
mSI

SINGLE STAGE OPERATION

Divide-by-n; MR = LOW; CF = HIGH; CPq = LOW

divide | TC output
s P3 k2 g Po by pulse width
L X X X X 16 one clock
period
TC H H H H 15
TC H H H L 14
TC H H L H 13
TC H H L I= 12
TC H L. H H 11
TC H L H L 10
TC H L E H 9 clock pulse
TC H L. E L 8 HIGH
TC L H H H 7
TC L H H L 6
TC L H L H 5
TG L H L L 4
TC L L H H 3
EC L L H L 2
TC E L L H 1
TC L L L L no operation
0 1 2 4
15 5
14 6
13 7
| T
12 1 10 f— —1 8

Fig. 3 State diagram.

7274616
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Programmable 4-bit binary down counter

HEF4526B

MSI

A.C. CHARACTERISTICS

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

Y
V\[}D typical formula for P (uW) \flzlieiruiput freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 1000 fj + Z(f,Cp) x Vpp? C|_ = load capacitance (pF)
dissipation per 10 | 4000 f; + Z(f,C) x Vpp? Z(foCL) = s#h of outputs
package (P) 15 10000 fj + Z(f,CL) x Vpp? Vpp = supply voltage (V)

A.C. CHARACTERISTICS

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

Vpp = typical extrapolation
v symbol | min. typ. max. s
Propagation delays
CpPg, CP1—>0p, 5 150 300 ns 123 ns + (0,55 ns/pF) C|_
HIGHto LOW | 10 | tpyL 65 130 ns 54 ns + (0,23 ns/pF) C|_
15 50 100 ns 42 ns + (0,16 ns/pF) C_
5 150 300 ns 123 ns + (0,55 ns/pF) C_
LOW to HIGH 10 | tpLH 65 130 ns 54 ns + (0,23 ns/pF) C_
15 50 100 ns 42 ns + (0,16 ns/pF) C_
CPg, CP1—=TC 5 210 420 ns 183 ns + (0,55 ns/pF) C|_
HIGH to LOW 10 | tpHL 90 180 ns 79 ns + (0,23 ns/pF) C_
15 70 140 ns 62 ns + (0,16 ns/pF) C_
5 210 420 ns 183 ns + (0,55 ns/pF) C|_
LOW to HIGH 10 | tpLH 90 180 ns 79 ns + (0,23 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>