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A Corporate Dedication to

Quality and Reliability

National Semiconductor is an industry leader in the
manufacture of high quality, high reliability integrated

circuits. We have been the leading proponent of driv

ing down IC defects and extending product lifetimes.

From raw material through product design, manufac

turing and shipping, our quality and reliability is second

to none.

We are proud of our success ... it sets a standard for

others to achieve. Yet, our quest for perfection is on

going so that you, our customer, can continue to rely

on National Semiconductor Corporation to produce

high quality products for your design systems.

Charles E. Sporck

President, Chief Executive Officer

National Semiconductor Corporation



Wir fuhlen uns zu QualitSt und

ZuverlMssigkeit verpflichtet

National Semiconductor Corporation ist fuhrend bei der Her

stellung von integrierten Schaltungen hoher Qualitfit und

hoher Zuverlassigkeit. National Semiconductor war schon

immer Vorreiter, wenn es gait, die Zahl von IC Ausfallen zu

verringern und die Lebensdauern von Produkten zu verbes-

sern. Vom Rohmaterial iiber Entwurf und Herstellung bis zur

Auslieferung, die Qualitat und die Zuverlassigkeit der Pro-

dukte von National Semiconductor sind unObertroffen.

Wir sind stolz auf unseren Erfolg, der Standards setzt, die

fur andere erstrebenswert sind. Auch ihre AnsprGche steig-

en stSndig. Sie als unser Kunde konnen sich auch weiterhin

auf National Semiconductor verlassen.

La Quality et La Fiabilite:
Une Vocation Commune Chez National

Semiconductor Corporation

National Semiconductor Corporation est un des leaders in-

dustriels qui fabrique des circuits integres d'une tres grande

qualite et d'une fiabilite exceptionelle. National a ete le pre

mier a vouloir faire chuter le nombre de circuits integres

dSfectueux et a augmenter la duree de vie des produits.

Depuis les matures premieres, en passant par la concep

tion du produit sa fabrication et son expedition, partout la

qualite et la fiabilite chez National sont sans equivalents.

Nous sommes tiers de notre succes et le standard ainsi

defini devrait devenir I'objectif a atteindre par les autres so-

cietes. Et nous continuons a vouloir faire progresser notre

recherche de la perfection; il en resulte que vous, qui dtes

notre client, pouvez toujours faire confiance a National

Semiconductor Corporation, en produisant des systemes

d'une tres grande qualite standard.

Un Impegno Socletario di Qualite e

Affidabilife

National Semiconductor Corporation e un'industria al ver-

tice nella costruzione di circuiti integrati di alta qualita ed

affidabilita. National e stata il principale promotore per Tab-

battimento della difettosita dei circuiti integrati e per I'allun-

gamento della vita dei prodotti. Dal materiale grezzo attra-

verso tutte le fasi di progettazione, costruzione e spedi-

zione, la qualita e affidabilita National non e seconda a nes-

suno.

Noi siamo orgogliosi del nostro successo che fissa per gli

altri un traguardo da raggiungere. II nostro desiderio di per-

fezione e d'altra parte illimitato e pertanto tu, nostro cliente,

puoi continuare ad affidarti a National Semiconductor Cor

poration per la produzione del tuoi sistemi con elevati livelli

di qualita.

Charles E. Sporck

President, Chief Executive Officer

National Semiconductor Corporation
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Naked-8TM

National®

National Semiconductor®

National Semiconductor

Corp.®

NAX 800TM

Nitride PIustm

Nitride Plus OxideTM

NMLtm

NOBUStm

NSC800TM

NSCISEtm

NSX-16TM

NS-XC-16TM

NTERCOMTM

NURAMTM

OXISSTM

P2CMOSTM

PC MasterTM

Perfect WatchTM

Pharmai^ChekTM

PLANTM

PLANARTM

PolycraftTM

POSilinkTM

POSitalkerTM

Power + ControlTM

POWERplanarTM

QUAD3000TM

QUIKLOOKTM

RATtm

RTX16TM

SABRTM

Scripti^ChekTM

AS CRITICAL COMPONENTS

SCXTM

SERIES/800TM

Series 900TM
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SPIRETM

STARtm

StarlinkTM

STARPLEXtm

SuperChipTM

Superscript™

SYS32TM
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TeleGateTM
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Time^ChekTM
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TRI-CODEtm
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TURBOTRANSCEIVERtm

VIPTM

VR32TM

WATCHDOGTM

XMOSTM

XPUTM

Z STARTM

883B/RETSTM

883S/RETSTM

IN LIFE SUPPORT DEVICES OR

SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR CORPORA

TION. As used herein:

1. Life support devices or systems are devices or systems

which, (a) are intended for surgical implant into the body,

or (b) support or sustain ife, and whose failure to per-

form, when properly used in accordance with instructions

for use provided in the labeling, can be reasonably ex

pected to result in a significant injury to the user.

2. A critical component is any component of a life support

device or system whose failure to perform can be reason

ably expected to cause the failure of the life support de

vice or system, or to affect its safety or effectiveness.

National SemiconductorCorporation 2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721-5000

TWX (910) 339-9240

National does not assume any responsibility for use of any circuitry described,

without notice, to change said circuitry or specifications.

no circuit patent licenses are implied, and National reserves the right, at any time
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Fairchild Advanced Schottky TTL, FAST®, is a family of TTL
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ing speed and output drive capability of Schottky TTL, with
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Product Status Definitions

i Definition of Terms

Data Sheet Identification Product Status Definition

Formative or

In Design

This data sheet contains the design specifications for product

development. Specifications may change in any manner without notice.

First

Production

This data sheet contains preliminary data, and supplementary data will

be published at a later date. National Semiconductor Corporation

reserves the right to make changes at any time without notice in order

to improve design and supply the best possible product.

Full

Production

This data sheet contains final specifications. National Semiconductor

Corporation reserves the right to make changes at any time without

notice in order to improve design and supply the best possible product.

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to

improve reliability, function or design. National does not assume any liability arising out of the application or use of any product

or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.



Alpha-Numeric Index

29F52 8-Bit Registered Transceiver 4-611

29F53 8-Bit Registered Transceiver 4-611

29F68 Dynamic RAM Controller 4-617

29F524 Dual Pipeline Register (7 Deep) 4-628

29F525 Dual Pipeline Register (8 Deep) 4-628

54F/74F00 Quad 2-lnput NAND Gate 4-6

54F/74F02 Quad 2-lnput NOR Gate 4-9

54F/74F04 Hex Inverter 4-12

54F/74F08 Quad 2-lnput AND Gate 4-15

54F/74F10 Triple 3-lnput NAND Gate 4-18

54F/74F11 Triple 3-lnput AND Gate 4-21

54F/74F13 Dual 4-lnput NAND Schmitt Trigger 4-24

54F/74F14 Hex Inverter Schmitt Trigger 4-27

54F/74F20 Dual 4-lnput NAND Gate 4-30

54F/74F27 Triple 3-lnput NOR Gate 4-32

54F/74F30 8-lnput NAND Gate 4-35

54F/74F32 Quad 2-lnput OR Gate 4-38

54F/74F37 Quad 2-lnput NAND Buffer 4-41

54F/74F38 Quad 2-lnput NAND Buffer (Open Collector) 4-44

54F/74F40 Dual 4-lnput NAND Buffer 4-47

54F/74F51 2-2-2-3 AND-OR-lnvert Gate 4-50

54F/74F64 4-2-3-2-lnput AND-OR-lnvert Gate 4-53

54F/74F74 Dual D-Type Positive Edge-Triggered Flip-Flop 4-56

54F/74F86 Quad 2-jnput Exclusive-OR Gate 4-60

54F/74F109 Dual JK Positive Edge-Triggered Flip-Flop 4-63

54F/74F112 Dual JK Negative Edge-Triggered Flip-Flop 4-67

54F/74F113 Dual JK Negative Edge-Triggered Flip-Flop 4-71

54F/74F114 Dual JK Negative Edge-Triggered Flip-Flop w/Common Clocks and Clears 4-75

54F/74F125 Quad Buffer (TRI-STATE) 4-79

54F/74F132 Quad 2-lnput NAND Schmitt Trigger 4-82

54F/74F138 1-of-8 Decoder/Demultiplexer 4-85

54F/74F139 Dual 1-of-4 Decoder/Demultiplexer 4-89

54F/74F148 8-Line to 3-Line Priority Encoder 4-93

54F/74F151A 8-lnput Multiplexer 4-97

54F/74F153 Dual 4-lnput Multiplexer 4-101

54F/74F157A Quad 2-lnput Multiplexer 4-105

54F/74F158A Quad 2-lnput Multiplexer (Inverted) 4-109

54F/74F160A Synchronous Presettable BCD Decade Counter (Asynchronous Reset) 4-113

54F/74F161A Synchronous Presettable Binary Counter (Asynchronous Reset) 4-120

54F/74F162A Synchronous Presettable BCD Decade Counter (Synchronous Reset) 4-113

54F/74F163A Synchronous Presettable Binary Counter (Synchronous Reset) 4-120

54F/74F164 Serial-ln, Parallel-Out Shift Register 4-126

54F/74F168 4-Stage Synchronous Bidirectional Counter 4-130

54F/74F169 4-Stage Synchronous Bidirectional Counter 4-130

54F/74F174 Hex D Flip-Flop w/Master Reset 4-136

54F/74F175 Quad D Flip-Flop 4-140

54F/74F181 4-Bit Arithmetic Logic Unit 4-144

54F/74F182 Carry Lookahead Generator 4-150

54F/74F189 64-Bit Random Access Memory w/TRI-STATE Outputs 4-155

54F/74F190 Up/Down Decade Counter w/Preset and Ripple Clock 4-159

54F/74F191 Up/Down Binary Counter w/Preset and Ripple Clock 4-164

vii



Alpha-Numeric Index (Continued)

54F/74F192 Up/Down Decade Counter w/Separate Up/Down Clocks .. 4-169

54F/74F193 Up/Down Binary Counter w/Separate Up/Down Clocks 4-174

54F/74F194 4-Bit Bidirectional Universal Shift Register 4-179

54F/74F219 64-Bit Random Access Memory w/TRI-STATE Outputs 4-183

54F/74F240 Octal Buffer/Line Driver w/TRI-STATE Outputs (Inverting) 4-187

54F/74F241 Octal Buffer/Line Driver w/TRI-STATE Outputs 4-187

54F/74F242 Quad Bus Transceiver w/TRI-STATE Outputs ..4-191

54F/74F243 Quad Bus Transceiver w/TRI-STATE Outputs 4-192

54F/74F244 Octal Buffer/Line Driver w/TRI-STATE Outputs 4-187

54F/74F245 Octal Bidirectional Transceiver w/TRI-STATE Outputs ... 4-195

54F/74F251A 8-lnput Multiplexer w/TRI-STATE Outputs 4-199

54F/74F253 Dual 4-Bit Multiplexer w/TRI-STATE Outputs. 4-203

54F/74F256 Dual 4-Bit Addressable Latch 4-207

54F/74F257A Quad 2-lnput Multiplexer w/TRI-STATE Outputs 4-209

54F/74F258A Quad 2-lnput Multiplexer w/TRI-STATE Outputs (Inverting) ., 4-213

54F/74F259 8-Bit Addressable Latch 4-217

54F/74F269 8-Bit Bidirectional Binary Counter 4-219

54F/74F273 Octal D Flip-Flop 4-223

54F/74F280 9-Bit Parity Generator/Checker 4-225

54F/74F283 4-Bit Binary Full Adder w/Fast Carry 4-229

54F/74F298 Quad 2-lnput Multiplexer with Storage 4-234

54F/74F299 8-Bit Universal Shift/Storage Register w/Common Parallel I/O Pins 4-235

54F/74F322 8-Bit Serial/Parallel Register w/Sign Extend 4-240

54F/74F323 8-Bit Universal Shift/Storage Register w/Synchronous Reset and Common I/O Pins . 4-245

54F/74F350 4-Bit Shifter w/TRI-STATE Outputs 4-250

54F/74F352 Dual 4-lnput Multiplexer . 4-256

54F/74F353 Dual 4-lnput Multiplexer w/TRI-STATE Outputs 4-260

54F/74F365 Hex Buffer/Driver w/TRI-STATE Outputs .... ;,..... 4-264

54F/74F366 Hex Inverter/Buffer w/TRI-STATE Outputs 4-267

54F/74F368 Hex Inverter/Buffer w/TRI-STATE Outputs . 4-267

54F/74F373 Octal Transparent Latch w/TRI-STATE Outputs 4-271

54F/74F374 Octal D-Type Flip-Flop w/TRI-STATE Outputs 4-275

54F/74F377 Octal D-Type Flip-Flop w/Clock Enable 4-279

54F/74F378 Parallel D Register with Enable ... 4-281

54F/74F379 Quad Parallel Register with Enable 4-285

54F/74F381 4-Bit Arithmetic Logic Unit 4-289

54F/74F382 4-Bit Arithmetic Logic Unit . 4-295

54F/74F385 Quad Serial Adder/Subtracter 4-301

54F/74F395 4-Bit Cascadable Shift Register w/TRI-STATE Outputs < 4-306

54F/74F398 Quad 2-Port Register. .... 4-308

54F/74F399 Quad 2-Port Register 4-308

54F/74F401 Cyclic Redundancy Check Generator/Checker 4-313

54F/74F402 Serial Data Polynomial Generator/Checker 4-318

54F/74F403 16x4 First-ln First-Out Buffer Memory 4-326

54F/74F407 Data Access Register 4-343

54F/74F410 Register Stack—16x4 RAM TRI-STATE Output Register 4-350

54F/74F412 Multi-Mode Buffered 8-Bit Latch w/TRI-STATE Outputs 4-354

54F/74F413 64 x 4 First-ln First-Out Buffer Memory w/Parallel I/O 4-359

54F/74F420 Paralleled Check Bit/Syndrome Bit Generator 4-363

54F/74F432 Multi-Mode Buffered 8-Bit Latch w/TRI-STATE Output 4-368

54F/74F433 64 x 4 First-ln First-Out Buffer Memory 4-374

viii



Alpha-Numeric Index (Continued)

54F/74F521 8-Bit Identity Comparator 4-388

54F/74F524 8-Bit Registered Comparator 4-392

54F/74F525 16-Bit Programmable Counter •.; .4-399

54F/74F533 Octal Transparent Latch w/TRI-STATE Outputs .; 4-406

54F/74F534 Octal D Flip-Flop w/TRI-STATE Outputs 4-410

54F/74F537 1-of-10 Decoder w/TRI-STATE Outputs ...,.............. 4-414

54F/74F538 1-of-8 Decoder w/TRI-STATE Outputs ;•,: ............. 4-418

54F/74F539 Dual 1-of-4 Decoder w/TRI-STATE Outputs :■ 4-422

54F/74F540 Octal Buffer/Line Driver w/TRI-STATE Outputs (Inverting) 4-426

54F/74F541 Octal Buffer/Line Driver w/TRI-STATE Outputs 4-426

54F/74F543 Octal Registered Transceiver 4-430

54F/74F544 Octal Registered Transceiver (Inverting in Both Directions) 4-435

54F/74F545 Octal Bidirectional Transceiver w/TRI-STATE Outputs 4-440

54F/74F547 Octal Decoder/Demultiplexer w/Address Latches and Acknowledge 4-443

54F/74F548 Octal Decoder/Demultiplexer w/Acknowledge 4-448

54F/74F550 Octal Registered Transceiver w/Status Flags 4-452

54F/74F551 Octal Registered Transceiver w/Status Flags 4-452

54F/74F552 Octal Registered Transceiver w/Parity and Flags 4-458

54F/74F563 Octal D-Type Latch w/TRI-STATE Outputs 4-464

54F/74F564 Octal D-Type Flip-Flop w/TRI-STATE Outputs 4-468

54F/74F568 4-Bit Bidirectional Decade Counter w/TRI-STATE Outputs 4-472

54F/74F569 4-Bit Bidirectional Binary Counter w/TRI-STATE Outputs 4-472

54F/74F573 Octal D-Type Latch w/TRI-STATE Outputs 4-483

54F/74F574 Octal D-Type Flip-Flop w/TRI-STATE Outputs 4-487

54F/74F579 8-Bit Bidirectional Binary Counter w/TRI-STATE Outputs 4-491

54F/74F582 4-Bit BCD Arithmetic Logic Unit 4-493

54F/74F583 4-Bit BCD Adder 4-497

54F/74F588 Octal Bidirectional Transceiver with IEEE-488 Termination Resistors and TRI-STATE

Inputs/Outputs 4-501

54F/74F595 8-Bit Shift Register w/Output Latches 4-505

54F/74F597 8-Bit Shift Register 4-507

54F/74F598 8-Bit Shift Register 4-509

54F/74F620 Inverting Octal Bus Transceiver w/TRI-STATE Outputs 4-511

54F/74F623 Inverting Octal Bus Transceiver w/TRI-STATE Outputs 4-511

54F/74F632 32-Bit Parallel Error Detection and Correction Circuit 4-513

54F/74F646 Octal Transceiver/Register w/TRI-STATE Outputs 4-525

54F/74F648 Octal Transceiver/Register w/TRI-STATE Outputs 4-525

54F/74F651 Octal Transceiver/Register w/TRI-STATE Outputs (Inverting) 4-532

54F/74F652 Octal Transceiver/Register w/TRI-STATE Outputs 4-532

54F/74F657 Octal Bidirectional Transceiver with 8-Bit Parity Generator/Checker and TRI-STATE

Outputs 4-538

54F/74F673A 16-Bit Serial-ln, Serial/Parallel-Out Shift Register (Common Serial I/O Pin) 4-543

54F/74F674 16-Bit Serial/Parallel-ln, Serial-Out Shift Register (Common Serial I/O Pin) 4-548

54F/74F675A 16-Bit Serial-ln, Serial/Parallel-Out Shift Register 4-550

54F/74F676 16-Bit Serial/Parallel-ln, Serial-Out Shift Register 4-554

54F/74F701 Register/Counter/Comparator 4-558

54F/74F702 Read-Back Transceiver 4-560

54F/74F707 400 MHz 8-Bit TTL-ECL Register 4-562

54F/74F710 400 MHz Single Supply TTL-ECL Shift Register 4-564

54F/74F779 8-Bit Bidirectional Binary Counter w/TRI-STATE Outputs 4-566

54F/74F821 10-Bit D-Type Flip-Flop 4-568



Alpha-Numeric Index (Continued)

54F/74F823 9-Bit D-Type Flip-Flop 4-572

54F/74F825 8-Bit D-Type Flip-Flop 4-576

54F/74F82710-Bit Buffer/Line Driver 4-580

54F/74F828 10-Bit Buffer/Line Driver 4-580

54F/74F841 10-Bit Transparent Latch 4-585

54F/74F843 9-Bit Transparent Latch 4-589

54F/74F845 8-Bit Transparent Latch 4-593

54F/74F968 1 Megabit Dynamic RAM Controller 4-598

54F/74F978 Octal Flip-Flop w/Serial Scanner 4-610
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Gates

Function

NAND/NAND Buffer

Quad 2-lnput NAND

Triple 3-lnputNAND

Dual 4-lnput NAND Schmitt Trigger

Dual 4-lnput NAND

8-lnput NAND

Quad 2-lnput Positive NAND Buffer

Quad 2-lnput NAND Buffer (OC)

Dual 4-lnput Positive NAND Buffer

Quad 2-lnput Positive NAND Schmitt Trigger

AND

Quad 2-lnput AND

Triple 3-lnput AND

OR/NOR/Exclusive-OR

Quad 2-lnput NOR

Triple 3-lnput NOR

Quad 2-lnput OR

Quad 2-lnput Exclusive-OR

Invert/AND-OR-lnvert

Hex Inverter

Hex Schmitt Trigger Inverter

Dual AND-OR-lnvert

AND-OR-lnvert

Device

54F/74F00

54F/74F10

54F/74F13

54F/74F20

54F/74F30

54F/74F37

54F/74F38

54F/74F40

54F/74F132

54F/74F08

54F/74F11

54F/74F02

54F/74F27

54F/74F32

54F/74F86

54F/74F04

54F/74F14

54F/74F51

54F/74F64

Inputs/

Gate

2

3

4

4

8

2

2

4

2

2

3

2

3

2

2

1

1

3/3/2/2

4/2/3/2

No. of

Gates

4

3

2

2

1

4

4

2

4

4

3

4

3

4

4

6

6

Leads

14

14

14

14

14

14

14

14

14

14

14

14

14

14

14

14

14

14

14

Dual Edge Triggered Flip Flops

Function

Dual D Positive

DualJK Positive

Dual JK Negative

DualJK

Dual JK Negative (Common Clocks & Clears)

Device

54F/74F74

54F/74F109

54F/74F112

54F/74F113

54F/74F114

Clock

Inputs

_s~

_/"

"X.

"\^

"^

Direct

Set

Yes

Yes

Yes

Yes

Yes

Direct

Clear

Yes

Yes

Yes

Yes

Leads

14

16

16

14

14



Multiple Flip-Flops

Function

Hex D Flip-Flop

Quad D Flip-Flop

Octal D Flip-Flop

Octal D Flip-Flop

Octal D Flip-Flop w/Clock Enable

Parallel D Register w/Enable

Parallel D Register w/Enable

Octal D Flip-Flop

Octal D Flip-Flop

Octal D Flip-Flop

10-Bit D Flip-Flop

9-Bit D Flip-Flop

8-Bit D Flip-Flop

Octal Flip-Flop w/Serial Scanner

Device

54F/74F174

54F/74F175

54F/74F273

54F/74F374

54F/74F377

54F/74F378

54F/74F379

54F/74F534

54F/74F564

54F/74F574

54F/74F821

54F/74F823

54F/74F825

54F/74F978

Clock

Inputs

_S~

^/~

_s~

_y~

_s~

_s~

_s-

_/-

s~

_s~

-/~

_y

_/~

s-

Master

Reset

Yes

Yes

Yes

Yes

Yes

Broadside

Pinout

Yes

Yes

Yes

Yes

Yes

Yes

TRI-STATE®

Outputs

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Leads

16

16

20

20

20

16

16

20

20

20

24

24

24

24

Registers

Function

Parallel D Register w/Enable

Quad Parallel D Register w/Enable

Quad 2-Port Register

Quad 2-Port Register

Serial Data Polynomial Generator/Checker

Data Access Register

Register Stack—16 x 4 RAM TRI-STATE Output Register

Register/Counter/Comparator

Dual Pipeline Register

Dual Pipeline Register

Device

54F/74F378

54F/74F379

54F/74F398

54F/74F399

54F/74F402

54F/74F407

54F/74F410

54F/74F701

29F524

29F525

Clock

nputs

_s~

_y-

_s~

_y~

_s~

_s~

_/~

~/~

I.eads

16

16

20

16

16

24

18

24

28

28

Latches

Function

Dual 4-Bit Addressable Latch

8-Bit Addressable Latch

Octal Latch

Multimode Buffered 8-Bit Latch

Multimode Buffered 8-Bit Latch

Octal D Latch

Octal D Latch

Octal D Latch

10-Bit D Latch

9-Bit D Latch

8-Bit D Latch

Device

54F/74F256

54F/74F259

54F/74F373

54F/74F412

54F/74F432

54F/74F533

54F/74F563

54F/74F573

54F/74F841

54F/74F843

54F/74F845

Enable

Inputs

KL)

KL)

KL)&1(H)

KL)&1(H)

1(L)&1(H)

1(L)&1(H)

1(L)&1(H)

1(L)&1(H)

3(L)&1(H)

Broadside

Pinout

Yes

Yes

Yes

Yes

Yes

Inverting

Yes

Yes

Yes

TRI-STATE

Outputs

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Leads

16

16

20

24

24

20

20

20

24

24

24
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Counters

Function

Presettable 4-Bit BCD Decade

Presettable 4-Bit Binary

Presettable 4-Bit BCD Decade

Presettable 4-Bit Binary

4-Bit BCD Decade

4-Bit Binary

4-Bit BCD Decade w/Preset & Ripple Clock

4-Bit Binary w/Preset & Ripple Clock

4-Bit BCD Decade w/Separate Up/Down Clocks

4-Bit Binary w/Separate Up/Down Clocks

8-Bit Binary

16-Stage Programmable

4-Bit BCD Decade

4-Bit Binary

8-Bit Binary

Register/Counter/Comparator

8-Bit Binary

Device

54F/74F160A

54F/74F161A

54F/74F162A

54F/74F163A

54F/74F168

54F/74F169

54F/74F190

54F/74F191

54F/74F192

54F/74F193

54F/74F269

54F/74F525

54F/74F568

54F/74F569

54F/74F579

54F/74F701

54F/74F779

S = Synchronous

A = Asynchronous

Shift Registers

Function

Shift Right, Serial-ln, Parallel-Out

Bidirectional, Universal

Universal Octal Shift/Storage w/Common I/O Pins

Octal Serial/Parallel w/Sign Extend

Universal Octal Shift/Storage w/Synch. Reset

4-Bit Cascadable

Octal w/Output Latches

Octal w/lnput Latches

Octal w/lnput Latches

Serial-ln, Serial/Parallel-Out (Common I/O Pin)

Serial/Parallel-ln, Serial-Out

Serial-ln, Serial/Parallel-Out

Serial/Parallel-ln, Serial-Out

Device

54F/74F164

54F/74F194

54F/74F299

54F/74F322

54F/74F323

54F/74F395

54F/74F595

54F/74F597

54F/74F598

54F/74F673A

54F/74F674

54F/74F675A

54F/74F676

Parallel

Entry

S

S

s

s

s

s

A

A

A

A

S

S

S

S

S

S

No. of

Bits

8

4

8

8

8

4

8

8

8

16

16

16

16

Reset

A

A

S

S

A

A

A

S/A

S/A

s

Serial

Inputs

2

2

2

2

2

1

1

1

1

1

1

1

1

Up/

Down

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Parallel

Inputs

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

TRI-STATE

Outputs

Yes

Yes

Yes

Yes

Yes

TRI-STATE

Outputs

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Leads

16

16

16

16

16

16

16

16

16

16

24

28

20

20

20

24

16

Leads

14

16

20

20

20

16

16

16

20

24

24

24

24
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Buffers/Line Drivers

Function

Quad Buffer (TRI-STATE)

Octal Buffer/Line Driver (TRI-STATE)

Octal Buffer/Line Driver (TRI-STATE)

Octal Buffer/Line Driver (TRI-STATE)

Hex Buffer/Driver (TRI-STATE)

Hex Inverter/Buffer (TRI-STATE)

Hex Inverter/Buffer (TRI-STATE)

Octal Buffer/Line Driver (TRI-STATE)

Octal Buffer/Line Driver (TRI-STATE)

10-Bit Buffer/Line Driver

10-Bit Buffer/Line Driver

Device

54F/74F125

54F/74F240

54F/74F241

54F/74F244

54F/74F365

54F/74F366

54F/74F368

54F/74F540

54F/74F541

54F/74F827

54F/74F828

No. of

Bits

4

8

8

8

6

6

6

8

8

10

10

Inverting

Yes

Yes

Yes

Yes

Yes

Nonlnverting

Yes

Yes

Yes

Yes

Yes

Yes

Broadside

Pinout

Yes

Yes

Yes

Yes

Leads

14

20

20

20

16

16

16

20

20

24

24

Transceivers/Registered Transceivers

Function

Quad Bus Transceiver

Quad Bus Transceiver

Octal Bidirectional Transceiver

Octal Registered Transceiver

Octal Registered Transceiver

Octal Bidirectional Transceiver

Octal Registered Transceiver

Octal Registered Transceiver

Octal Registered Transceiver

Octal Bidirectional Transceiver

Octal Bus Transceiver

Octal Bus Transceiver

Octal Bus Transceiver

Octal Bus Transceiver

Octal Bus Transceiver

Octal Bus Transceiver

Octal Bidirectional Transceiver

Read-Back Transceiver

Octal Registered Transceiver

Octal Registered Transceiver

Device

54F/74F242

54F/74F243

54F/74F245

54F/74F543

54F/74F544

54F/74F545

54F/74F550

54F/74F551

54F/74F552

54F/74F588

54F/74F620

54F/74F623

54F/74F646

54F/74F648

54F/74F651

54F/74F652

54F/74F657

54F/74F702

29F52

29F53

Registered

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Enable

Inputs

1(L)&1(H)

1(L)&1(H)

KL)

6(L)

6(L)

KL)

4(L)

4(L)

2(L)

KL)

, 2(H)

2(H)

KL)&1(H)

1(L)&1(H)

KL)&1(H)

1(L)&1(H)

1(L)&1(H)

4(L)

4(L)

4(L)

Features

TRI-STATE inputs

Inverting in Both Directions

TRI-STATE Inputs

Status Flags

Status Flags, Inverting

Parity & Flag

GPIB Compatible

Inverting

Inverting

Inverting/Noninverting

Inverting (O.C.)

8-Bit PairtyGen./Checker

Bidirectional Control

Inverting

Leads

14

14

20

24

24

20

28

28

28

20

20

20

24

24

24

24

24

24

24

24
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Multiplexers

Function

8-lnput

Dual 4-lnput

Quad 2-lnput

Quad 2-lnput (Inverting)

8-lnput (TRI-STATE)

Dual 4-lnput (TRI-STATE)

Quad 2-lnput (TRI-STATE)

Quad 2-lnput (TRI-STATE, Inverting)

Quad 2-lnput w/Storage

4-lnput w/Shift (TRI-STATE)

Dual 4-lnput

Dual 4-lnput (TRI-STATE)

Quad 2-Port Register

Quad 2-Port Register

Device

54F/74F151A

54F/74F153

54F/74F157A

54F/74F158A

54F/74F251A

54F/74F253

54F/74F257A

54F/74F258A

54F/74F298

54F/74F350

54F/74F352

54F/74F353

54F/74F398

54F/74F399

Enable

Inputs

KL)

2(L)

KL)

KL)

KL)

2(L)

1(L)

KL)

1(L)

2(L)

2(L)

True

Output

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Complement

Output

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Leads

16

16

16

16

16

16

16

16

16

16

16

16

20

16

Decoders/Demultiplexers

Function

1-of-8 Decoder/Demultiplexer

Dual 1-of-4 Decoder/Demultiplexer

1-of-10 Decoder (TRI-STATE)

1-of-8 Decoder (TRI-STATE)

Dual 1-of-4 Decoder (TRI-STATE)

Octal Decoder/Demultiplexer w/Latches

Octal Decoder/Demultiplexer w/Acknowledge

Device

54F/74F138

54F/74F139

54F/74F537

54F/74F538

54F/74539

54F/74F547

54F/74F548

Address

Inputs

3

2&2

4

3

2&2

3

3

Enable

2(L)&1(H)

KL)&1(L)

1(L)&1(H)

2(L)&2(H)

1(L)&1(L)

1(L)&2(H)

2(L)&2(H)

Output

Enable

KL)

2(L)

KU&KL)

Outputs

8(L)

4(L)&4(L)

10(H)

8(H)

4(H)&4(H)

8(L)

8(L)

Leads

16

16

20

20

20

20

20

Adders/Subtractors

Function

Binary Full Adder w/Fast Carry

Quad Serial Adder/Subtractor

4-Bit BCD Adder

8-Bit Serial/Parallel Multiplexer

w/Adder Subtracter

Device

54F/74F283

54F/74F385

54F/74F583

54F/74F784

Master

Reset

Yes

Carry

Lookahead

Yes

Yes

Leads

1

1

6

>0

6

>0



Comparators

Function

8-Bit Identity Comparator

8-Bit Comparator

Register/Counter/Comparator

Device

54F/74F521

54F/74F524

54F/74F701

Features

Expandable

Expandable, Registered

Expandable

Leads

20

20

24

Divider

Function

16-Stage Programmable Counter/Divider

ALUs

Function

Arithmetic Logic Unit

Arithmetic Logic Unit

Arithmetic Logic Unit

BCDAdder/Subtractor

Device

54F/74F181

54F/74F381

54F/74F382

54F/74F582

Device

54F/74F525

No. of

Bits

4

4

4

4

Arithmetic

Functions

16

3

3

2

Features

Crystal Oscillator

Leads

28

Logic

Functions

16

3

3

Features

Carry Generate/

Propagate Outputs

Carry Generate/

Propagate Outputs

Ripple Carry Expansion

Lookahead & Ripple

Carry Expansion

Leads

24

20

20

24

ALU Support

Function

Carry Lookahead Generator

4-Bit Shifter (Specialized Multiplexer)

ALU/Function Generator

FIFOs

Function

16x4 FIFO Buffer Memory

FIFO RAM Controller

64 x 4 FIFO Buffer Memory

64 x 4 FIFO Buffer Memory

Device

54F/74F182

54F/74F350

54F/74F881

No. of

Bits

4

4

4&4

Device

54F/74F403

54F/74F411

54F/74F413

54F/74F433

Features

Carry Lookahead Generator

for 4 ALUs

Expandable Shifter

Leads

16

16

24

Input

Serial/Parallel

Parallel

Serial/Parallel

Output

Serial/Parallel

Serial/Parallel

Serial/Parallel

Leads

24

20

16

24

Memories

Function

16x4 RAM

16x4 RAM

16x4 FIFO Buffer Memory

64x4 FIFO Buffer Memory

64 x 4 FIFO Buffer Memory

Device

54F/74F189

54F/74F219

54F/74F403

54F/74F413

54F/74F433

TRI-STATE

Outputs

Yes

Yes

Yes

Yes

Leads

16

16

24

16

24
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Memory Support

Function

Data Access Register

Register Stack—16x4 RAM

FIFO RAM Controller

Parallel Check Bit/Syndrome Bit Generator

32-Bit Error Detection & Correction

1 Megabit Dynamic RAM Controller

Dynamic RAM Controller

Device

54F/74F407

54F/74F410

54F/74F411

54F/74F420

54F/74F632

54F/74F968

29F68

Features

TRI-STATE Outputs

TRI-STATE Output Register

TRI-STATE Outputs

Latched, TRI-STATE Outputs

TRI-STATE Outputs

TRI-STATE Outputs

Leads

24

18

40

48

52

52

48

i
Cyclic Redundancy Checker-Generator

Function

Cyclic Redundancy Check Generator/Checker

Serial Data Polynomial Generator/Checker

Device

54F/74F401

54F/74F402

Polynomial

Length

16

64

Expandable

Yes

Leads

14

16

Parity Generator/Checker

Function

Parity Generator/Checker

Parallel Check Bit/Syndrome Bit Generator

Device

54F/74F280

54F/74F420

Features

Odd/Even Outputs, 9-Bits In

Leads

14

48

Error Detection and Correction

Function

32-Bit Error Detection and Correction

Device

54F/74F632

Leads

52

Microprocessor Support

Function

8-Line to 3-Line Priority Encoder

Device

54F/74F148

Leads

16

TTL to ECL Translators

Function

Hex TTL-ECL Translator

Hex ECL-TTL Translator

Octal ECL-TTL Transceiver

Device

F100124

F100125

F100128

Complementary

Yes

Yes

Latched

Yes

Features

Enable Input

Common Mode Rejection = +1V

ECL Output Cut-Off State

For further information on TTL to ECL translators, refer to the F100k databook.
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National
Semiconductor

Circuit Characteristics

FAST® Technology
FAST (Fairchild Advanced Schottky TTL) circuits are made

with the advanced Isoplanar II process, which produces

transistors with very high, well-controlled switching speeds,

extremely small parasitic capacitances and fj in excess of

5 GHz. Isoplanar is an established National process, used

for years in the manufacture of bipolar memories, CMOS,

subnanosecond ECL and I31_tm (isoplanar Integrated Injec

tion Logic) LSI devices.

In the isoplanar process, components are isolated by a se

lectively grown thick oxide rather than the p+ isolation re

gion used in the planar process. Since this oxide needs no

separation from the base-collector regions, component and

chip sizes are substantially reduced. The base and emitter

ends terminate in the oxide wall; masks can thus overlap

the device area into the isolation oxide. This overlap feature

eliminates the extremely close tolerances normally required

for base and emitter masking, and the standard photolitho-

grahic processes can be used.

Figure 1-1 shows the relative size of phase splitter transis

tors (Q2 in Figure 1-3) used in Schottky, Low Power

Schottky and FAST circuits. The LS-TTL transistor is small

er than that of S-TTL because of process refinements, shal

lower diffusions and smaller operating currents. The relative

size of the FAST and FAST LSI transistors illustrate the

reduction afforded by the Isoplanar process. This in turn

reduces junction capacitances, while the use of oxide isola

tion reduces sidewall capacitance. The end result of these

reductions is an increase in frequency response by a factor

of three or more. Figure 1-2 shows the frequency response

of two sizes of transistors made with the Isoplanar II pro

cess. Because they have modest, well-defined loads and

thus can use smaller, faster transistors, internal gates of

MSI devices are faster than SSI gates such as the 'F00 or

'F02. SSI gates, on the other hand, are designed to have

high output drive capability and thus use larger transistors.

As is the case with other modern LSI processes, the shal

lower diffusions and thinner oxides make FAST devices

more susceptible to damage from electrostatic discharge

than are devices of earlier TTL families. Users should take

the usual precautions when handling FAST devices: avoid

placing them on non-conductive plastic surfaces or in plas

tic bags, make sure test equipment and jigs are grounded,

individuals should be grounded before handling the devices,

etc.

Base

Planar

Schottky

Washed Emitter

LS

Isoplanar

LSI

Isoplanar II

FAST

TL/F/9592-1

FIGURE 1-1. Relative Transistor Sizes in Various TTL Families
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FAST Technology (continued)
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TL/F/9592-2

FIGURE 1-2. Isoplanar Transistor Frequency Response

FAST Circuitry
The 2-lnput NAND gate, shown in Figure 1-3, has three

stages of gain (Q1, Q2, Q3) instead of two stages as in

other TTL families. This raises the input threshold voltage

and increases the output drive. The higher threshold makes

it possible to use pn diodes for the input AND function (D1

and D2) and still achieve an input threshold of 1.5V.

The capacitance of these diodes is comparatively low,

which results in improved AC noise immunity. The effect of

the threshold adjustment can be seen in the voltage transfer

characteristics of Figures 1-4, 1-5 and 1-6. At 25°C (Figure

1-5) the FAST circuit threshold is nearly centered between

the 0.8V and 2.0V limits specified for TTL circuits. This gives

a better balance between the HIGH- and LOW-state noise

margins The + 125°C characteristics (Figure 1-6) show that

the FAST circuits threshold is comfortably above the 0.8V

specification, more so than in S-TTL or LS-TTL circuits. At

-55°C, the FAST circuit threshold is still well below the

2.0V specification, as shown in Figure 1-4.

FAST circuits contain several speed-up diodes to help dis

charge internal capacitances. Referring again to Figure 1-3,

when a HIGH-to-LOW transition occurs at the D1 input, for

example, Schottky diode D3 acts as a low-resistance path

to discharge the several parasitic capacitances connected

to the base of Q2. This effect only comes into play, howev

er, as the input signal falls below about 1.2V; D3 does not

act as an entry path for negative spikes superimposed on a

HIGH input level. When Q2 turns ON and its collector volt

age falls, D7 provides a discharge path for capacitance at

the base of Q6. Whereas D3, D4 and D7 enhance switching

speed by helping to discharge internal nodes, D8 contrib

utes to the ability of a FAST circuit to rapidly discharge load

capacitance. Part of the charge stored in load capacitance

passes through D8 and Q2 to increase the base current of

Q3 and increase Q3's current sinking capability during the

HIGH-to-LOW output voltage transition.

cc

FIGURE 1-3. Basic FAST Gate Schematic
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FAST Circuitry (continued)

In addition to the 2K-Q4-3K squaring network, which is stan

dard for Schottky-clamped TTL circuits, FAST circuits con

tain a network D9-D10-D11-Q7 whose purpose is to provide

a momentary low impedance at the base of Q3 during an

output LOW-to-HIGH transition. The rising voltage at the

emitter of Q5 causes displacement current to flow through

varactor diode D9 and momentarily turn ON Q7, which in

turn pulls down the base of Q3 and absorbs the displace

ment current that flows through the collector-base capaci

tance (not shown) of Q3 when the output voltage rises.

Without the D9-Q7 network, the displacement current

through the collector-base capacitance acts as base cur

rent, tending to prolong the turn-off of Q3 and allow current

to flow from Q6 to ground through Q3.

5.0

40

Q.

I

-

1J0
LS-T

V

TL

Vcc = 5.0V

TA = -55°C

'oh r

1\
S-TTL| |F

\
AST

05 IjO 15 Z0 25

V,N-Input Voltage-V

TL/F/9592-4

FIGURE 1-4. Transfer Functions at Low Temperature

The collector-base capacitance of Q3, although small, is

effectively multiplied by the voltage gain of Q3. This phe

nomenon, first identified many years ago with vacuum tube

triodes, is called the Miller effect. Thus the D9-Q7 network

is familiarly called the 'Miller Killer' circuit and its use im

proves the output rise time and minimizes power consump

tion during repetitive switching at high frequencies. Diode

D10 completes the discharge path for D9 through D7 when

Q2 turns on. D11 limits how low Q7 pulls down the base of

Q3 to a level adequate for the intended purpose, without

sacrificing turn-on speed when a circuit is cycled rapidly.

Also shown in Figure 1-3 is a clamp diode, D12, at the out

put. This diode limits negative voltage excursions due to

parasitic coupling in signal lines or transmission line effects.

The Schottky clamping diodes built into the transistors pre

vent saturation, thereby eliminating storage time as a factor

in switching speed. Similarly, the speed-up diodes tend to

minimize the impact of other variables on switching speed.

The overall effect is to minimize variation in switching speed

of FAST circuits with variations in supply voltage and ambi

ent temperature (Figures 1-7 and 1-8). Propagation delay is

specified not only under nominal supply voltage and temper

ature conditions, but also over the recommended operating

range of Vcc and Ta for both military and commercial grade

devices.

0 05 1.0 15 2.0

V,N- Input Voltage -V

TL/F/9592-5

FIGURE 1-5. Transfer Functions at Room Temperature

The internal switching speed of a logic circuit is only one

aspect of the circuit's suitability for high-speed operations at

the system or subsystem level; the other aspect is the ability

of the circuit to drive load capacitance. FAST circuit outputs

are structured to sink at least 20 mA in the LOW state, the

same as S-TTL This capability plus the effect of the afore

mentioned feedback through D8 assures that the circuit can

rapidly discharge capacitance. During a LOW-to-HIGH tran

sition, the pull-up current is limited by the 45ft resistor, ver

sus 55H for S-TTL. Therefore, FAST circuits are inherently

more capable than S-TTL of charging load capacitance.

Figure 1-9 shows the effects of load capacitance on propa

gation delays of FAST, S-TTL and LS-TTL NAND gates. The

curves show that FAST gates are not only faster than those

of earlier families, but also are less affected by capacitance

and exhibit less skew between the LOW-to-HIGH and

HIGH-to-LOW delays. These improved characteristics of

fered by FAST circuits make it easier to predict system per

formance early in the design phase, before loading details

are precisely known. The curves show that the skew be

tween HIGH-to-LOW and LOW-to-HIGH delays for the

FAST gate is only about 0.5 ns over a broad range of load

capacitance, whereas the skew for the S-TTL gate is 1 ns or

greater, depending on loading.

3-
3
i

05 1.0 15 2.0

V,N-Input Voltage-V

25

TL/F/9592-6

FIGURE 1-6. Transfer Functions at High Temperature

1-5



FAST Circuitry (continued)
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FIGURE 1-7. Propagation Delay versus VCc
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Output Characteristics
Figure 1-10 shows the current-voltage characteristics of a

FAST gate with the pull-down transistor Q3 turned ON.

These curves illustrate instantaneous conditions in dis

charging load capacitance during an output HIGH-to-LOW

transmission. When the output voltage is at about 3.5V, for

example, the circuit can absorb charge from the load capac

itance at a 500 mA rate at +25°C. From this level the rate

decreases steadily down to about 100 mA at 1.5V. In this

region from 3.5V to 1.5V, part of the charge from the load

capacitance is fed back through D8 (Figure 1-3) and Q2 to

provide extra base current for Q3, boosting its current sink

ing capability and thus reducing the fall time. Below the 1.5V

level, Q3 continues to discharge the load capacitance, but

without extra base current from D8. At about 0.5V, the inte

gral Schottky clamp diode from base to collector of Q3

starts conducting and prevents Q3 from going into deep

saturation.
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FIGURE 1-10. Output LOW Characteristics— TOO
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FIGURE 1-11. Output LOW Characteristics— TOO
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Output Characteristics (continued)

On a greatly expanded scale, the output LOW characteris

tics of a gate are shown in Figure 1-11. With no load, the

output voltage is about 0.1V, increasing with current on a

slope of about 7.5ft. When the load current increases be

yond the current-sinking capability of Q3, the output voltage

rises steeply. It can be seen that the worst-case specifica

tion of 0.5V max at 20 mA load is easily met. Similar charac

teristics for a buffer shown in Figure 1-12, over a broader

current range. The curves are well below the output LOW

voltage specification of 0.55V max at 48 mA over the mili

tary temperature range or 64 mA over the commercial tem

perature range.
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FIGURE 1-12. Output LOW Characteristics— 'F244
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FIGURE 1-13. Output HIGH Characteristics— TOO

The output HIGH characteristics of a FAST gate are shown

in Figure 1-13. At low values of output current the voltage is

approximately 3.5V. This value is just the supply voltage

minus the combined base-emitter voltages of the Darlington

pull-up transistors Q5 and Q6 (Figure 1-3). For load currents

above 16 mA or 18 mA, the voltage drop across the 45ft

Darlington collector resistor becomes appreciable and the

Darlington saturates. For greater load currents the output

voltage decreases with a slope of about 50ft, which is large

ly due to the 45ft resistor. The value of current where a

characteristic intersects the horizontal axis is the short-

circuit output current los- This is guaranteed to be at least

60 mA for a FAST gate, compared to 40 mA for S-TTL. This

parameter is an important indicator of the ability of an output

to charge load capacitance. Thus the FAST specifications

insure that an output can charge load capacitance faster, or

force a higher LOW-to-HIGH voltage step into the dynamic

impedance of a long interconnection.

The output HIGH characteristics of a buffer are shown in

Figure 1-14. These are similar in shape to Figure 1-13 but at

higher levels of current. The output HIGH voltage of a buffer

is guaranteed at two different levels of load current. With a

3 mA load, Voh is guaranteed to be at least 2.4V for both

military and commercial devices. Vqh is also guaranteed to

be at least 2.0V with a 12 mA load for military or 15 mA load

for commercial devices. In addition, the short-circuit output

current of a buffer is guaranteed to be at least 100 mA.

When an output is driving a long interconnection, the initial

LOW-to-HIGH transition is somewhat less than the final, qui

escent HIGH level because of the loading effect of the line

impedance. The full HIGH voltage level is only reached after

the reflection from the far end of the line returns to the

driver. The initial LOW-to-HIGH voltage step that an output

can force into a line is determined by drawing a load line on

the graph containing the output HIGH characteristic and

noting the voltage value where the load line intersects the

characteristic. For example, if a FAST gate is driving a 100ft

line, a straight line from the lower left origin up to the point

5V, 50 mA intersects the -55°C characteristic curve at

about 2.8V. This indicates that the gate output voltage will

rise to 2.8V initially, and the 2.8V signal, accompanied by

28 mA of current, will travel to the end of the line. If not

terminated, the 28 mA is forced to return to the driver,

whereupon it unloads the driver and the output voltage rises

to the maximum value. Similarly, a 50ft load line drawn on

the buffer characteristic shows an intercept voltage of 2.5V.

In both cases, the initial voltage step is great enough to

pass through the switching region of any inputs that might

be located near the driver end of the Mine, and thus would

not exhibit any exaggerated propagation delay due to the

loading effect of the line impedance on the driver output.

Thus the FAST output characteristics insure better system

performance under adverse loading conditions.
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Input Characteristics
The input of a FAST circuit represents a small capacitance,

typically 4 pF to 5 pF, in parallel with an I-V characteristic

that exhibits different slopes over different ranges of input

voltage. Figure 1-15 shows the input characteristic of a

FAST gate at three temperatures. In the upper right, the flat

horizontal portion is the Vm-I|H characteristic. In this region,

all of the current from the 10 kft input resistor (Figure 1-3) is

flowing into the base of Q1 and the only current flowing in

the input diode is the leakage current Iih- When the input

voltage decreases to about 1.7V ( + 25°C), current starts to

flow out of the input diode and the curve shows a knee. At

this point some of the current from the 10 kft resistor is

diverted from the base of Q1. When the input voltage de

clines to about 1.4V the curve shows another knee; at this

point, substantially all of the current from the 10 kft resistor

flows out of the input diode. The portion of the curve be

tween 1.4V and 1.7V input voltage is the active region, es

sentially corresponding to the FAST transfer function in Fig

ure 1-5.
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TL/F/9592-15

FIGURE 1-15. Input Characteristics— 'F00

Below 1.4V input, the characteristic has the slope of the

10 kft input resistor. When the input voltage declines to

about -0.3V, the Schottky clamping diode starts conduct

ing and the current increases rapidly as the input voltage

decreases further.

The input characteristics of a buffer, shown in Figure 1-16,

differ from those of a gate in two respects. One is the loca

tion of the transition region along the horizontal axis. A buff

er input has a hysteresis characteristic about 400 mV wide,

such that the transition region shifts left or right accordingly

as the input voltage transition is HIGH-to-LOW or LOW-to-

HIGH, respectively. The curves in Figure 1-16 apply to the

HIGH-to-LOW input voltage transition. The other difference

between buffer and gate characteristics is the slope of the

characteristic follows this value, rather than the 10 kft slope

of a gate input.
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FIGURE 1-16. Input Characteristics— 'F244

The characteristics of an input Schottky clamp diode are

shown in Figure 1-17, for much larger values of current than

those of Figures 1-15 and 1-16. The purpose of the clamp

diode is to limit undershoot at the end of a line following a

HIGH-to-LOW signal transition. For example, an output sig

nal change from +3.5V to + 0.5V into a 100ft line propa

gates to the end of the line, accompanied by a 30 mA cur

rent change. If the line is terminated in a high impedance

the 3V signal change doubles, driving the terminal voltage

down to -2.5V. With the clamp diode, however, the nega

tive excursion would be limited to about —0.7V. The same

HIGH-to-LOW signal change on a 50ft line would be

clamped at about -1.0V. Figure 1-18 shows the typical

breakdown characteristics for a FAST input.
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FIGURE 1-17. Input Characteristics— TOO or 'F244
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TRI-STATE® Outputs
A partial schematic of a circuit having a TRI-STATE output

is shown in Figure 1-19. When the internal Output Enable

(OE) signal is HIGH, the circuit operates in the normal fash

ion to provide HIGH or LOW output drive characteristics.

When OE is LOW, however, the bases of Q1, Q2 and Q5

are pulled down. In this condition the output is a high imped-

ance. In this High Z condition, the output leakage is guaran

teed not to exceed 50 jaA. In the case of a transceiver, each

data pin is an input as well as an output and the leakage

specification is increased to 70 /xA. In the High Z state,

output capacitance averages about 5 pF for a 20 mA output

and about 12 pF for a 64 mA output.

cc

logic—i

TL/F/9592-19

FIGURE 1-19. Typical TRI-STATE Input Control
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Glossary
Currents—Positive current is defined as conventional cur

rent flow into a device. Negative current is defined as con

ventional current flow out of a device. All current limits are

specifed as absolute values.

Ice Supply Current—The current flowing into the Vcc sup

ply terminal of a circuit with the specified input conditions

and the outputs open. When not specified, input conditions

are chosen to guarantee worst-case operation.

I|H Input HIGH Current—The current flowing into an input

when a specified HIGH voltage is applied.

III. Input LOW Current—The current flowing out of an input

when a specified LOW voltage is applied.

Ioh Output HIGH Current—The current flowing out of the

output when it is in the HIGH state. For a tumed-off open-

collector output with a specified HIGH output voltage ap

plied, the Iqh is the leakage current.

Iol Output LOW Current—The current flowing into an out

put when it is in the LOW state.

los Output Short Circuit Current—The current flowing out

of a HIGH-state output when that output is short circuited to

ground (or other specified potential).

Iqzh Output OFF Current HIGH—The current flowing into

a disabled TRI-STATE output with a specified HIGH output

voltage applied.

Iozl Output OFF Current LOW—The current flowing out of

a disabled TRI-STATE output with a specified LOW output

voltage applied.

Voltages—All voltages are referenced to the ground pin.

Negative voltage limits are specified as absolute values (i.e.,

- 10.0V is greater than -1.0V).

Vcc Supply Voltage—The range of power supply voltage

over which the device is guaranteed to operate within the

specified limits.

Vcd (Max) Input Clamp Diode Voltage—The most nega

tive voltage at an input when a specified current is forced

out of that input terminal. This parameter guarantees the

integrity of the input diode, intended to clamp negative ring

ing at the input terminal.

Vih Input HIGH Voltage—The range of input voltages that

represents a logic HIGH in the system.

V|H (Min) Minimum Input HIGH Voltage—The minimum

allowed input HIGH in a logic system. This value represents

the guaranteed input HIGH threshold for the device.

Vil Input LOW Voltage—The range of input voltages that

represent a logic LOW in the system

Vil (Max) Maximum Input LOW Voltage—The maximum

allowed input LOW in a system. This value represents the

guaranteed input LOW threshold for the device.

V0H (Min) Output HIGH Voltage—The minimum voltage at

an output terminal for the specified output current Iqh and

at the minimum value of Vcc-

V0L (Max) Output LOW Voltage—The maximum voltage

at an output terminal sinking the maximum specified load

current Iol-

VT+ Positive-Going Threshold Voltage—The input volt

age of a variable threshold device (i.e., Schmitt Trigger) that

is interpreted as a Vih as the input transition rises from be

low VT- (Min).

VT- Negative-Going Threshold Voltage—The input volt

age of a variable threshold device (i.e., Schmitt Trigger) that

is interpreted as a V|L as the input transition falls from above

VT+ (Max).

AC Switching Parameters
ft Maximum Transistor Operating Frequency—The fre

quency at which the gain of the transistor has dropped by

three decibels.

fmax Toggle Frequency/Operating Frequency—The

maximum rate at which clock pulses may be applied to a

sequential circuit. Above this frequency the device may

cease to function.

tpLH Propagation Delay Time—The time between the

specified reference points, normally 1.5V on the input and

output voltage 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 1.5V on the input and

output voltage waveforms, with the output changing from

the defined HIGH level to the defined LOW level.

tw Pulse Width—The time between 1.5V amplitude points

on the leading and trailing edges of a pulse,

th Hold Time—The interval immediately following the active

transition of the timing pulse (usually the clock pulse) of

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 its continued recogni

tion. A negative hold time indicates that the correct logic

level may be released prior to the active transition of the

timing pulse and still be recognized.

t8 Setup Time—The interval immediately preceding the ac

tive 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 its recognition. A nega

tive setup time indicates that the correct logic level may be

initiated sometime after the active transition of the timing

pulse and still be recognized.

tpHz Output Disable Time (of a TRI-STATE Output) from

HIGH Level—The time between the 1.5V level on the input

and a voltage 0.3V below the steady state output HIGH lev

el with the TRI-STATE output changing from the defined

HIGH level to a high impedance (OFF) state.

tpi_z Output Disable Time (of a TRI-STATE Output) from

LOW Level—The time between the 1.5V level on the input

and a voltage 0.3V above the steady state output LOW level

with the TRI-STATE output changing from the defined LOW

level to a high impedance (OFF) state.

tpzH Output Enable Time (of a TRI-STATE Output) to a

HIGH Level—The time between the 1.5V levels of the input

and output voltage waveforms with the TRI-STATE output

changing from a high impedance (OFF) state to a HIGH

level.

tpzi. Output Enable Time (of a TRI-STATE Output) to a

LOW Level—The time between the 1.5V levels of the input

and output voltage waveforms with the TRI-STATE output

changing from a high impedance (OFF) state to a LOW lev

el.

trec Recovery Time—The time between the 1.5V level on

the trailing edge of an asynchronous input control pulse and

the same level on a synchronous input (clock) pulse such

that the device will respond to the synchronous input.
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Logic Symbols and Terminology
The definitions of LOW and HIGH logic levels are: LOW- a

voltage defined by V|L; HIGH- a voltage defined by V,H. A

LOW condition represents logic '0'; a HIGH condition, logic

T.

The logic symbols used to represent the FAST devices fol

low MIL-STD-806B for logic symbols. Elements are repre

sented by rectangular blocks with appropriate external

AND/OR gates when necessary. A small circle at an exter

nal input means that the specific input is active-LOW; (it

produces the desired function, in conjunction with other in

puts, if its voltage is the lower of the two logic levels in the

system). A circle at the output indicates that when the func

tion designated is true, the output is LOW. Generally, inputs

are at the top and left and outputs appear at the bottom and

right of the logic symbol. An exception is the asynchronous

Master Reset in some sequential circuits which is always at

the left hand bottom corner.

Inputs and outputs are labeled with mnemonic letters as

illustrated in Table 1-1. Note that an active LOW function

labeled outside of the logic symbol is given a bar over the

label, while the same function inside the symbol is labeled

without the bar. When several inputs or outputs use the

same letter, subscript numbers starting with zero are used in

an order natural for device operation.

TABLE 1-1

Label Meaning Example

lx General term for inputs to

combinatorial circuits.

—

—

-0

1

Si

E

| |
I, 12

Z

'3 U

T151

|
'5 '

Z

|

B '7

y r
TL/F/9592-20

J,K

S,R

D

Inputs to JK, SR and D

flip-flops and latches.

-0

—

J

CP

K

SD

F112

cD

Q

Q

T

-0

—

A
j s°
•F112

CP

K

Q

Q

TL/F/9592-21

Ax.SX Address or Select inputs, used to select an

input, output, data route, junction, or

memory location.

—

E

a!
MR Qo C

D

•F259

1 02 03 04 05 06 Q7

V I I I I I I I I
TL/F/9592-22

LE Enable, active LOW on all TTL/MSI. A latch

can receive new data when its Enable input

is in the active state.

-o

LE

OE

|

DO

o0

|

D1

Oi

I
D2

o2

| |
D3 D4

T373

o3 o4

| |
D5 D6

°5 °6

|

D7

o7

I I I I I I I I
TL/F/9592-23
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Logic Symbols and Terminology (continued)

TABLE 1-1 (Continued)

Label Meaning Example

PE Parallel Enable, a control input used to

synchronously load information in parallel

into an otherwise autonomous circuit.

Parallel data inputs to shift registers and

counters.

-0

—

—

—

-0

PE

CEP

CET

CP

MR

Po

Qo

Pi P2

'F160A

Qi Q2

p5

TC

Q3

I I I I

PL Parallel LoacUimilar to Parallel Enable

except that PL overrides the clock and

forces parallel loading asynchronously.
_

-0

-0

U/D

CE

CP

PL

1

Po

Qo

| |

Pi P2

•F190

Q1 Q2

|

RC

TC

I I I I

MR

SR

Master Reset, synchronously resets all

outputs to zero, overriding all other inputs.

Synchronous Reset, resets all outputs

to zero with active edge of clock.

-o

—

—

—

-0

PE

CEP

CET

CP

•R

Po

Qo

Pi P2

T16XA

Qi Q2

P3

TC

Q3

R = MR on 'F160A/fF161A

SRon 'F162A/T163A

iri i
TL/F/9592-26

CP

CE, CEP,

CET

Clock Pulse, genrally a HIGH-to-LOW-to-HIGH

transition. An active HIGH clock (no circle)

means outputs change on LOW-to-HIGH

clock transition

Clock Enable inputs for counters.

-0

—

—

—

-0

PE

CEP

CET

CP

•R

|
Po

Qo

Pi P2

•F16XA

Qi Q2

p3

TC

Q3

n i i
TL/F/9592-27

x. 0X, FX General terms for outputs of

combinatorial circuits

OE

S

>0a

Za

ha >0b

zb

hb 'Oe

•F258

Zc

he >0d

zd

hd

TTTT
TL/F/9592-28
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Logic Symbols and Terminology (continued)

TABLE 1-1 (Continued)

Q

3

t
8

Label Meaning Example

Qx

TC

General term for latch and flip-flop outputs.

If they pass through an enable gate before

exiting the package, Q or Q changes to

OorO.

Terminal Count output (1111 for up binary

counters, 1001 for up decimal counters, or

0000 for down counters).

-0

—

—

—

-o

PE

CEP

CET

CP

•R

Po

Qo

Pi P2 P3

T16X TC

Qi Q2 Q3

I I I I

OE Output Enable, used to force TRI-STATE

outputs into the high impedance state. i i i i i i i i

CP

0E

Do

oo

Di

01

D2

o2

D3 D4

T374

03 04

D5

05 o6

D7

07

i n i i i i r

This nomenclature is used throughout this book and may

differ from nomenclature used on other data books, where

outputs use alphabetic subscripts or use number sequences

starting with one.

Handling Precautions for

Semiconductor Components
The following standard handling precautions should be ob

served for oxide isolation, shallow junction processed parts,

such as FAST or 100k ECL:

1. All National devices are shipped in conducting foam or

antistatic tubes. When they are removed for inspection or

assembly, proper precautions should be used.

2. National devices, after removal from their shipping mate

rial, should be placed leads down on a grounded surface.

Under no circumstances should they be placed in polysty

rene foam or non-conducting plastic trays used for ship

ment and handling of conventional ICs.

3. Individuals and tools should be grounded before coming

in contact with these devices.

4. Do not insert or remove devices in sockets with power

applied. Ensure that power supply transients, such as oc

cur during power turn-on or off, do not exceed maximum

ratings.

5. After assembly on PC boards, ensure that static dis

charge cannot occur during handling, storage or mainte

nance. Boards may be stored with their connectors sur

rounded with conductive foam.
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National
Semiconductor

Ratings, Specifications and Waveforms

For convenience in system design, the input loading and

fan-out characteristics of each circuit are specified in terms

of unit loads.

One unit load in the HIGH state is defined as 20 jmA; thus

both the input HIGH leakage current, Iih, and the output

HIGH current-sourcing capability, Ioh- are normalized

to 20 juA The specified I|H for a typical FAST® single load

input is 20 jaA or 1.0 U.L The Ioh rating for a FAST output

depends upon whether the device has a standard or

TRI-STATE® output or if the device is a buffer/line driver.

The Iqh rating for a standard FAST device is 1.0 mA or 50

U.L, while TRI-STATE is 3.0 mA or 150 U.L and line driver/

buffers specify Ioh of 12.0 mA or 600 U.L

Similarly, one unit load in the LOW state is defined as

0.6 mA and both the input LOW current, l||_, and the output

LOW current-sinking capability, Iol. are normalized to

0.6 mA. The specified maximum \\i for a typical FAST single

load input is 0.6 mA or 1.0 U.L. However, the Iol rating

differs among standard, TRI-STATE and buffer/line driver

outputs. The Iol rating for a standard output is 20 mA or

33.3 U.L. FAST devices with TRI-STATE outputs specify IO|_

at 24 mA or 40 U.L. for commercial temperature range and

20 mA or 33.3 U.L. for military temperature range. The Ioh

rating for a FAST bUffer/line driver output is 64 mA or

106.6 U.L. for the commercial temperature range and 48 mA

or 80 U.L. over the military temperature range.

On the data sheets the input and output load factors are

listed in the Input Loading/Fan-Out table. The tables from

the 54F/74F373 Transparent Latch and the 29F52 Regis

tered Transceiver are reproduced below.

In the second column from the right, the 54F/74F373 input

HIGH/LOW load factors are 1.0/1.0 with the first number

representing Iih and the second representing Iil- The 29F52

has input HIGH/LOW load factors of 1.0/1.0 for the typical

FAST single load inputs and 3.5/1.083 for the register in

puts. For testing procurement purposes, these unit load

specifications can easily be translated into actual test limits

by multiplying the HIGH/LOW load factors by 20 /iA and

0.6 mA respectively. The current limits are listed as well.

Also in this column are the output HIGH/LOW output load

factors, with the first number representing Ioh and the sec
ond representing loL-These load factors can be translated

to actual test limits by multiplying them by 20 jiA and 0.6 mA

respectively. These are shown in the far right column. The

54F/74F373 output HIGH/LOW drive factors are

150/40 (33.3) which translate into an IOh of 3.0 mA and IO|_

of 24 mA for commercial grade and 20 mA for military

grade. The 29F52 A-Register outputs are TRI-STATE out

puts with HIGH/LOW drive factors of 150/40 (33.3) indicat

ing an Iqh of 3 mA arid Iql of 24 mA for commercial and

20 mA for military. The B-Register outputs specify unit load

factors of 600/106.6 (80) translating into an IOh of 12 mA

and Iql of 64 mA for commercial and 48 mA for military.

Unit Loading/Fan Out 29F52: see section 2 for u.l definitions

Pin Names

A0-A7

B0-B7

OEA

CPA

CEA

OEB

CPB

CEB

Description

A-Register Inputs

A-Register Outputs

B-Register Inputs

B-Register Outputs

Output Enable A-Register

A-Register Clock

A-Register Clock Enable

Output Enable B-Register

B-Register Clock

B-Register Clock Enable

54F/74F

U.L.

HIGH/LOW

3.5/1.083

150/40(33.3)

3.5/1.083

600/106.6(80)

i.0/1.0
1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

Input Iih/Iil

Output Ioh/Iol

70 jmA/0.65 mA

-3 mA/24 mA (20 mA)

70 jaA/0.65 mA

-12mA/64mA(48mA)

20 jliA/-0.6 mA

20 jllA/-0.6 mA

20 ju,A/- 0.6 mA

20jaA/-0.6mA

20/aA/-0.6 mA

20jutA/-0.6mA
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Unit Loading/Fan Out 54F/74F373: see section 2 for u.l definitions

Pin Names

D0-D7

LE

OE

O0-O7

Description

Data Inputs

Latch Enable Input (Active HIGH)

Output Enable Input (Active LOW)

TRI-STATE Latch Outputs

29F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input IIH/I|L

Output Ioh/Iol

20 fxA/—0.6 mA

20 jutA/-0.6 mA

20 ftA/-0.6 mA

-3mA/24mA(20mA)

AC Loading and Waveforms
Figure 2-1 shows the AC loading circuit used in characteriz

ing and specifying propagation delays of all FAST devices,

unless otherwise specified in the data sheet of a specific

device. The use of this load, which differs somewhat from

previous practice, provides more meaningful information

and minimizes problems of instrumentation and customer

correlation. In the past, + 25°C propagation delays for TTL

devices were specified with a load of 15 pF to ground; this

required great care in building test jigs to minimize stray

capacitance, and implied the use of high impedance, high

frequency scope probes. FAST circuits changed to 50 pF of

capacitance allowing more leeway in stray capacitance and

also loading the device during rising or falling output tran

sitions. This more closely resembles the loading to be ex

pected in average applications and thus gives the designer

more useful delay figures. The net effect of the change in

AC load is to increase the observed propagation delay by an

average of about 1 ns.

The 500ft resistor to ground, in Figure 2-1, acts as a ballast,

to slightly load the totem-pole pull-up and limit the quiescent

HIGH-state voltage to about +3.5V. Otherwise, an output

would rise quickly to about + 3.5V but then continue to rise

very slowly to about +4.4V. On the subsequent HIGH-to-

LOW transition the observed tPHL would vary slightly with

duty cycle, depending on how long the output voltage was

allowed to rise before switching to the LOW state. Perhaps

more importantly, the 500ft resistor to ground can be a high

frequency passive probe for a sampling scope, which costs

much less than the equivalent high impedance probe. Alter

natively, the 500ft load to ground can simply be a 450ft

resistor feeding into a 50ft coaxial cable leading to a sam

pling scope input connector, with the internal 50ft termina

tion of the scope completing the path to ground. Note that

with this scheme there should be a matching cable from the

device input pin to the other input of the sampling scope;

this also serves as a 50ft termination for the pulse genera

tor that supplies the input signal.

Also shown in Figure 2-1 is a second 500ft resistor from the

device output to a switch. For most measurements this

switch is open; it is closed for measuring a device with

open-collector outputs and for measuring one set of the En

able/Disable parameters (LOW-to-OFF and OFF-to-LOW)

of a TRI-STATE output. With the switch closed, the pair of

500ft resistors and the +7.0V supply establish a quiescent

HIGH level of +3.5V, which correlates with the HIGH level

discussed in the preceding paragraph.

Figure 2-5 shows that the Disable times are measured at

the point where the output voltage has risen or fallen by

0.3V from the quiescent level (i.e., LOW for tPLZ or HIGH for

tpHz). compared to a AV of 0.5V used in previous practice.

This change enhances the repeatability of measurements

and gives the system designer more realistic delay times to

use in calculating minimum cycle times. Since the rising or

falling waveform is RC-controlled, the first 0.3V of change is

more linear than the first 0.5V and is less susceptible to

external influences. More importantly, perhaps, from the

system designer's point of view, a AV of 0.3V is adequate to

ensure that a device output has turned OFF; measuring to a

AV of 0.5V merely exaggerates the apparent Disable time

and thus penalizes system performance, since the designer

must use the Enable and Disable times to devise worst-case

timing signals to ensure that the output of one device is

disabled before that of another device is enabled.

Figure 2-2 describes the input signal voltages recommend

ed for use when testing FAST circuits. The AC input signal

levels follow industry convention of Vin switching 0 to 3

volts. DC low input levels are typically 0 to V|L, and high

input levels are typically V|H to VCc- Input thresholds are

guaranteed during Vql and Voh tests. High level noise im

munity is the difference between Vqh and Vih- Low level

noise immunity is the difference between V||_ and Vol-

Noise-free V|H or V|L levels should not induce a switch on

the appropriate output of the FAST device. When testing in

an automatic test environment, extreme caution should be

taken to ensure that input levels plus noise do not go into

the transition region.

Good high frequency wiring practices should be used in

constructing test jigs. Leads on the load capacitor should be

as short as possible to minimize ripples on the output wave

form transitions and to minimize undershoot. Generous

ground metal (preferably a ground plane) should be used for

the same reasons. A Vqc bypass capacitor should be pro

vided at the test socket, also with minimum lead lengths.

Input signals should have rise and fall times of 2.5 ns and

signal swing of 0V to -f 3.0V. Rise and fall times £ 1 ns

should be used for testing fmax or pulse width. A 1.0 MHz

square wave is recommended for most propagation delay

tests. The repetition rate must necessarily be increased for

testing fmax- A 50% duty cycle should always be used when

testing fmax. Two pulse generators are usually required for

testing such parameters as setup time, hold time, recovery

time, etc.

Precautions should be taken to prevent damage to devices

by electrostatic charge. Static charge tends to accumulate

on insulated surfaces, such as synthetic fabrics or carpet

ing, plastic sheets, trays, foam, tubes or bags, and on un

grounded electrical tools or appliances. The problem is

much worse in a dry atmosphere. In general, it is recom

mended that individuals take the precaution of touching a

known ground before handling devices. To effectively avoid

electrostatic damage to FAST devices it may be necessary

for individuals to wear a grounded wrist strap when handling

devices.
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+7V OPEN

ALL OTHER

soon

'Includes jig and probe capacitance

FIGURE 2-1. Test Load

3.0V - -

2.5V - -

2.0V - -

0.8V - -

0.4V

0V
AC Test

Input Levels

D.C. LOW

Input Rang*

D.C. HIGH

Input Rang*

Immunity

Region

FIGURE 2-2. Test Input Signal Levels

DATA 5
IN f

DATA

OUT

/ ^

\ i

*PHL

t

tpLH

/

tpLH

*PHL

= 1.5V

- Vm

^ Vm

TL/F/9600-3

FIGURE 2-3. Propagation Delay Waveforms for

Inverting and Non-Inverting Functions

CLOCK OR y

CONTROL ]
INPUT '

DATA

OUT

TL/F/9600-1

\

,Vm

*PLH

tVm

j^ Vm = 1.5V

TL/F/9600-4

FIGURE 2-4. Propagation Delay,

Pulse Width Waveforms

DATA

OUT

DATA

OUT

VZH
Vm

Vm

«PLZ

TL/F/9600-5

FIGURE 2-5. TRI-STATE Output HIGH

and LOW Enable and Disable Times

*h(H)

Vm=1.5V

Vm = 1.5V

Vm=1.5V

Vm = 1.5V

FIGURE 2-6. Setup Time, Hold Time

and Recovery Time Waveforms
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Absolute Maximum Ratings (Note d Rec
If Military/Aerospace specified devices are required, COI*

please contact the National Semiconductor Sales P ,

Office/Distributors for availability and specifications. j^,.'

Storage Temperature -65°C to +150°C cor

Ambient Temperature under Bias - 55°C to +125°C suppl

Junction Temperature under Bias - 55°C to +175°C Mili

VCc Pin Potential to Cor
Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

I|H

IlL

Ibvi

Ibvit

•OZH

'OZL

'iH + IOZH

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 54F10%VCc

54F10%VCc

74F10%VCc

74F10%VCc

74F10%VCC

74F 5% VCc

74F 5% VCc

74F 5% Vcc

Output LOW 54F 10% VCc

Voltage 54F10%Vcc

74F10%VCc

74F10%VCc

74F10%VCC

Input HIGH Current

Input LOW Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Output Leakage Current

Output Leakage Current

Output Leakage Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.0

2.5

2.4

2.0

2.7

2.7

2.0

0.5

0.55

0.5

0.5

0.55

20

-0.6

-1.2

n(-0.6)

100

1.0

50

-50

70

Units

V

V

V

V

V

fiA

mA

mA

mA

»A

mA

jiA

fiA

MA

commended Operating

iditions
\ir Ambient Temperature

ary -55°Cto +125°C

nmercial 0°Cto+70°C

/ Voltage

tary + 4.5V to + 5.5V

nmercial + 4.5V to + 5.5V

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA, Non I/O Pins

Ioh = -1 mA, Standard or TRI-STATE Outputs

Ioh = -3 mA, TRI-STATE or Buffer/Une Driver Outputs

Iqh = -12 mA, Buffer/Line Driver Outputs

Iqh = -1 mA, Standard or TRI-STATE Outputs

Ioh = -3 mA, TRI-STATE or Buffer/Une Driver Outputs

Ioh - -12 mA, Buffer/Line Driver Outputs

Ioh = -1 mA, Standard or TRI-STATE Outputs

Ioh = -3 mA, TRI-STATE or Buffer/Une Driver Outputs

Iqh = -15 mA, Buffer/Une Driver Outputs

Iol = 20 mA, Standard or TRI-STATE Outputs

Iol = 48 mA, Buffer/Line Driver Outputs

Iol = 20 mA, Standard Outputs

Iol = 24 mA, TRI-STATE Outputs

Iol = 64 mA, Buffer/Line Driver Outputs

V|N = 2.7V, Non I/O Pins

V|N = 0.5V, 1.0 U.L Input

V|N = 0.5V, 2.0 U.L Input

Vin = 0.5V, n U.L Input

V|N = 7.0V, Non I/O Pins

V|N = 5.5V, I/O Pins

V0UT = 2.7V, TRI-STATE Outputs, Non I/O

V0UT = 0.5V, TRI-STATE Outputs, Non I/O

V|/o = 2.7V, I/O Pins
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DC Electrical Characteristics (continued)

Symbol Parameter
54F/74F

Mln Typ Max

Units Vcc Conditions
CO

IlL + IOZL Output Leakage Current -650 Max V|/0 = 0.5V, I/O Pins

•OS Output Short-Circuit Current

-100

-150

-225

mA

mA

Max

Max

VOUT = 0Vt Standard or TRI-STATE Outputs

Vqut = 0V, Buffer/ Line Driver Outputs

Icex Output HIGH Leakage Current 250 Max Vout = VCc CO

Izz Bus Drainage Test 500 0.0V Vout = Vcc. TRI-STATE Outputs

•ohc Open Collector, Output

OFF Leakage Test
250 Min

Vout = VCc. O.C. Outputs

Icch Power Supply Current mA Max Vqut = HIGH

>CCL Power Supply Current mA Max Vqut = low

Iccz Power Supply Current mA Max Vout = high z

2-7



Section 3

Design Considerations



Section 3 Contents

Introduction 3-3

Threshold and Noise Margins 3-4

Test and Specification Improvements 3-5

Transmission Lines and Termination 3-5

Decoupling 3-14

Design Guidelines 3-15

3-2



National
Semiconductor

*
o
D

Design Considerations

FAST® is a high-speed logic family that achieves speeds

typically 30% faster than the Schottky family with a corre

sponding power reduction of approximately 75%. It is fabri

cated with an advanced oxide isolation technique, Isoplanar

II, which produces transistors with very high, well-controlled

switching speeds, extremely small parasitic capacitances

and fy in excess of 5 GHz.

Since the family is designed to be pin-compatible with other

TTL families such as Schottky, Low Power Schottky and

standard TTL, existing designs can be easily upgraded.

FAST logic offers significant improvement over the Schottky

family in addition to improved speed and power specifica

tions. Other key advantages are higher input threshold lev

els (improving noise margins), reduced input loading, and

increased output drive. The FAST family contains a full com

plement of circuits for more efficient design capabilities:

small scale integration, medium scale integration and large

scale integration.

Fairchild engineers had some specific design objectives in

mind when they developed the FAST logic family. The pri

mary objective was the improvement of the circuit speed-

power performance versus earlier TTL families. Another im

portant objective was increasing threshold levels to improve

DC noise immunity. Other goals were maintaining or improv

ing the output drive of Schottky for improved line driving

capability, and reducing input loading for increasing the

overall fanout out of the family. Output and input voltage

levels, functions and pinouts were standardized to previous

TTL families to maintain compatibility.

The primary design consideration was to improve speed

while reducing power. The speed of any device is limited by

the charge storage of the transistors. The time required to

remove this charge is proportional to the capacitance and

current available. Thus, to improve the speed, either the

internal resistor values must be lowered to increase the

available current and therefore remove the charge faster,

such as in the Schottky family, or the capacitance must be

reduced.

The speed-power curve shown in Figure 3-1a was used em

pirically to determine the optimum operating power level for

the FAST family. Several internal gates programmed at a

variety of power levels were produced on a wafer and the

propagation delay of an internal gate for each power level

was measured.

N FAST 1.75 ns ©

MM
4mW

H
L _

6 8

TCvH

10 12 14

4-

l
\

*

Ok ECL

Lf 10k EC

\
\

V

S»TTl

V
Vast "

i

^TTL

|\
S.LS.TTL

•TTI

4 6 8 10 12 14

GATE DELAY-ns

TL/F/9607-2

FIGURE 3-1. Speed-Power Product

As can be seen from the curves, power levels significantly

below 4 mW per gate exhibit a dramatic degradation in per

formance. Power levels significantly above 4 mW, however,

appear to have passed the point of diminishing returns with

only minor improvements in propagation delay resulting

from increased power. It was therefore concluded that the

FAST family could be biased at 4 mW achieving a 1.75 ns

propagation delay.
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Figure 3-1b compares the FAST logic family with previous

TTL and ECL logic families. Each curve groups families with

similar technologies. The first line, known as "gold doped,"

groups together the 7400 and the 74H families into one

technology grouping. These saturating logic families can be

seen to have a relatively poor speed-power curve.

The second curve notes the Schottky, Low Power Schottky

and 10k ECL families. They use non-gold doped, soft satu

rated (Baker clamped) or current steering logic in order to

achieve their speed-power performance; however, they still

employ the planar technology. The last curve, which shows

the FAST family with its ECL counterpart, the 100k ECL

family, employs the Isoplanar technology. With FAST Iso-

planar technology, 3 ns propagation delays at only 4 mW

power dissipation are achieved with SSI devices.

Threshold and Noise Margins
The noise margins most often cited for TTL obtained by

subtracting the guaranteed maximum input HIGH level, V|H,

of a driven input from the guaranteed minimum output HIGH

level, Voh. of the driving source, and subtracting the guar

anteed maximum output LOW level, Vol. ofthe driver from

the guaranteed minimum input LOW level, V||_, of a driven

circuit. The guaranteed worst-case values of these parame

ters vary slightly among the various circuit families and are

summarized in Table Ill-I. Note that although the 9000 Se

ries Vjh and Vil specifications have different limits at differ

ent temperatures, they are grouped with the 54/74 family in

the table as a matter of convenience. Note also that the

Vql limit listed for 74LS is 0.5V, whereas these circuits are

also specified at 04.V at a lower level of Iol- Noise margins

calculated in this manner are quite conservative, since it is

assumed that both the driver output characteristics are

worst-case and that Vqc is on the low side for the driver and

on the high side for the receiver.

Figure 3-2 shows how load capacitance affects the propa

gation delay of Low Power Schottky, Schottky and FAST

gates, flip-flops, registers and decoders, etc. As would be

expected, Low Power Schottky TTL shows greater sensitivi

ty since LS output drive capability is not as great as either

Schottky or FAST. Significantly, FAST is less affected than

Schottky by load capacity. Figure 3-2 shows propagation

delay versus load capacitance for buffers and line drivers

since they are designed for greater output drive.

TABLE Ill-I. Parameter Limits

TTL

FAST

S-TTL

LS-TTL

TTL Families

Standard TTL, 9000,54/74

54F/74F

Schottky TTL, 54S/74S, 93S

Low Power Schottky TTL, 54LS/74LS

V|L

0.8

0.8

0.8

0.7

Military

(-55°Cto+125°C

V|H

2.0

2.0

2.0

2.0

V0L

0.4

0.5

0.5

0.4

Voh

2.4

2.4

2.5

2.5

V|L

CO00CO00dddd

Commercial

(0°Cto+70°C)

V|H

2.0

2.0

2.0

2.0

V0L

0.4

0.5

0.5

0.5

Voh

2.4

2.5

2.7

2.7

Units

V

V

V

V

Vql and Voh are *ne voltages generated at the output. V||_ and Vm are the voltages required at the input to generate the appropriate levels. The numbers given

above are guaranteed worst-case values for standard outputs.

a. TOO b. 'F240

J

Vcc = 5.0V

TA = + 25°C

*PHL -

>**
-•;

.P. >CHOTTKY^-

■SCHOT

^wisT1

*PLH

tpHL

I

0 100 200

CL-L0AD CAPACITANCE-pF

200 300 400 500 600

CL - LOAD CAPACITANCE - pF

TL/F/9607-4

TL/F/9807-3

FIGURE 3-2. Propagation Delay vs Load Capacitance
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Threshold and Noise

Margins (Continued)
Notice also that for Schottky, the HIGH-to-LOW output tran

sition is more affected than its LOW-to-HIGH transition,

while for FAST both transitions are equally affected. This

indicates a better balance in the design of the FAST output,

and minimizes pulse stretching and compressing.

Designers are cautioned that curves of this type do not ap

ply when the load capacitance is distributed along an inter

connection.

Test and Specification

Improvements
Because the circuitry and technological improvements

(feedback and speedup diodes and the Miller Killer circuitry)

yield well-controlled AC parameters, the FAST family can be

specified over extremes of external influences. FAST is the

first TTL logic family which does not require derating esti

mates for worst-case design. This has been accomplished

by specifying minimum and maximum propagation delays

over the operating temperature and supply voltage ranges

with 50 pF loading.

In order to achieve easier correlation with our customers'

needs, a change in the actual AC test load was needed.

Previously, most TTL families were measured with three se

rial diodes in parallel with the load capacitor. For the FAST

logic family, a 50 pF capacitance in parallel with a 500ft

resistor is employed. This facilitates fabrication of low ca

pacitance test jigs. It also provides better correlation with

customers' measurements of propagation delay. Passive

500ft scope probes, which are less expensive and easier to

use than the high impedance FET input scope probes, can

be employed. This facilitates measurement of the AC per

formance on automatic test equipment and yields more con

servative AC figures than are achieved with the previous AC

load technique.

Design Considerations
There are areas of concern which need to be addressed

when designing with any high performance logic family.

These topics include: transmission line concepts, printed

circuit board layout, interfacing between technologies, open

collector outputs, fanout, and unused inputs.

For additional information, please refer to National's FAST

Applications Handbook.

Transmission Lines

Practical transmission lines, cables and strip lines used for

TTL interconnections have a characteristic impedance be

tween 30ft and 150ft. FAST is capable of driving a 50ft line

under worst-case conditions.

These considerations, applicable only when the round trip

delay of the line is longer than the rise or fall time of the

driving signal (2td > tr), do not affect most TTL interconnec

tions. Short interconnections do not behave like a resistive

transmission line, but more like a capacitive load. Since the

rise time of different TTL outputs is known, the longest inter

connection that can be tolerated without causing transmis

sion line effects can easily be calculated and is listed in

Table Ill-ll.

TABLE Ill-ll. PC Board Interconnections

TTL Family

54/74, 54/74LS

54S/74S

FAST

Rise Time

6-9 ns

4-6 ns

1.8-2.8 ns

Fall Time

4-6 ns

2-3 ns

1.6-2.6 ns

Max Interconnection

Length

18 in. (45 cm)

9 in. (22.5 cm)

7.5 in. (19 cm)

Assuming 1.7 ns/foot propagation speed, typical for epoxy fiberglass PC

boards with er = 4.7.

Slightly longer interconnections show minimal transmission

line effects; the longer the interconnections, the greater the

chance that system performance may be degraded due to

reflections and ringing.

Transmission Line Effects
The fast rise and fall times of TTL outputs (2.0 ns to 6.0 ns)

produce transmission line effects even with relatively short

(<2 ft) interconnections. Consider one TTL device driving

another and switching from the LOW to the HIGH state. If

the propagation delay of the interconnection is long com

pared to the rise time of the signal, the arrangement be

haves like a transmission line driven by a generator with a

non-linear output impedance. Simple transmission line theo

ry shows that the initial voltage step at the output just after

the driver has switched is

VOUT = VE ^^L_

where Zo is the characteristic impedance of the line, Ro is

the output impedance of the driver, and VE is the equivalent

output voltage source in the driver, (i.e., Vqc minus the for

ward drop of the pull-up transistors).

Figure 3-3 shows how the initial voltage step can be deter

mined graphically by superimposing lines of constant im

pedance of the static input and output characteristics of TTL

elements. The constant impedance lines are drawn from the

intersection of the Vin and Vol characteristics which is the

quiescent condition preceding a LOW-to-HIGH transition.

After this transition the Voh characteristic applies, and the

intersection of a particular impedance line with the Voh

characteristic determines the initial voltage step. The Voh

characteristic shown in Figure 3-3 has an Ro of about 80ft

and Ve of approximately 4.0V, for calculation purposes.

3-5



Transmission Line Effects (continued)

FIGURE 3-3. initial Output Voltage of TTL Driving Transmission Line

This initial voltage step propagates down the line and re

flects at the end, assuming the typical case where the line is

open-ended or terminated in an impedance greater than its

characteristic impedance Zq. Arriving back at the source,

this reflected wave increases Vqut- If the total round-trip

delay is larger than the rise time of the driving signal, there

is a staircase response at the driver output and anywhere

along the line. If one of the loads (gate inputs) is connected

to the line close to the driver, the initial output voltage Vqut

might not exceed V|h- This input is then undetermined until

after the round trip of the system. Figure 3-4 shows the 'F00

driver output waveform for four different line impedances.

5.0

4.0

3.0

2.0

For Zo of 25ft and 50ft, the initial voltage step is in the

threshold region of a TTL input and the output voltage only

rises above the guaranteed 2.0V Vih level after a reflection

returns from the end of the line. If Vout is increased to

>2.0V, by either increasing Zo or decreasing Ro, additional

delay does not occur. Ro is characteristic of the driver out

put configuration, varying between the different TTL speed

categories. Zo can be changed by varying the width of the

conductor and its distance from ground. Table Ill-Ill lists the
lowest transmission line impedance that can be driven by

different TTL devices to insure an initial voltage step of

2.0V.

c.

0.8

5.0

4.0

3.0

2.0

0.8

0

Volts z0=3oon

50 150

TL/F/9607-6

Z0=105fl

////

UNDEFINED LOGIC LEVEL

50 100

Volts

^^^^^^UNDEFINED LOGIC LEVEL^

50 100 150

TL/F/9607-9

150

TL/F/8607-7

FIGURE 3-4. TTL Driving Transmission Line

Note that the worst-case value, assuming a +30% tolerance on the current limiting resistor and a -10% tolerance on Vqc. is

80% higher than the value for nominal conditions.

3-6



Transmission Line Effects (continued)

TABLE Ill-Ill. Transmission Line Driving Capability

TTL Family or

Device

54/74

54S/74S

5440/7440

54S/74S40

54F/74F00

54F/74F258

54F/74F240

Supply Voltage (VCc)

Collector

Resistor

Rft

130

55

100

25

45

25

15

Lowest Transmission Line Impedance ft

Worst Case

(R + 30%)

241.4

110.0

185.7

50.0

66.2

36.76

22.0

4.50

204.8

92.2

157.5

41.9

57.7

32.0

19.2

4.75

Nominal

136.8

61.1

105.2

27.7

40.9

22.7

13.6

5.00

Best Case

(R - 30%)

84.6

37.5

65.1

17.0

27.6

15.3

9.2

5.25

75.8

33.4

58.3

15.2

25.0

13.9

8.3

5.50

A graphical method provides excellent insight into the ef

fects of high-speed digital circuits driving interconnections

acting as transmission lines. A load line is drawn for each

input and output situation. Each load line starts at the previ

ous quiescent point, determined where the previous load

line intersects the appropriate characteristic. The magnitude

of the slope of the load lines is identical and equal to the

characteristics impedance of the line, but alternate load

lines have opposite signs representing the change in direc

tion of current flow. The points where the load lines inter

sect the input and output characteristics represent the volt

age and current value at the input or output, respectively, for

that reflection. The results, Figure 3-5, are shown with and

without the input diode and illustrate how the input diode on

TTL elements assists in eliminating spurious switching due

to reflection.

Transmission Line Concepts
The interactions between wiring and circuitry in high-speed

systems are more easily determined by treating the inter

connections as transmissions lines. A brief review of basic

concepts is presented and simplified methods of analysis

a. With Input Diode

are used to examine situations commonly encountered in

digital systems. Since the principles and methods apply to

any type of logic circuit, normalized pulse amplitudes are

used in sample waveforms and calculations.

Simplifying Assumptions
For the great majority of interconnections in digital systems,

the resistance of the conductors is much less than the input

and output resistance of the circuits. Similarly, the insulating

materials have very good dielectric properties. These cir

cumstances allow such factors as attenuation, phase distor

tion and bandwidth limitations to be ignored. With these sim

plifications, interconnections can be dealt with in terms of

characteristic impedance and propagation delay.

Characteristic Impedance
The two conductors that interconnect a pair of circuits have

distributed series inductance and distributed capacitance

between them, and thus constitute a transmission line. For

any length in which these distributed parameters are con

stant, the pair of conductors have a characteristic imped-

b. Without Input Diode

Volts

- Theoretical

-Actual

0 20 40 100 120 140 160 180

TL/F/8607-10

0 20 40 60 80 100 120 140 160 180

FIGURE 3-5. Ringing Caused by Reflections
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Characteristic Impedance (continued)
ance Zq. Where quiescent conditions on the Ijne are deter

mined by the circuits and terminations, Zo is the ratio of

transient voltage to transient current passing by a point on

the line when a signal change or other electrical disturbance

occurs. The relationship between transient voltage, tran

sient current, characteristic impedance, and the distributed

parameters is expressed as follows:

v/i = z0 = VCoTcS

where Lo = inductance per unit length, and C© = capaci

tance per unit length. Zq is in ohms, l_o in henries, and Co

in farads.

Propagation Velocity

Propagation velocity (v) and its reciprocal, delay per unit

length 8, can also be expressed in terms of Lo and Cq. A

consistent set of units is nanoseconds, microhenries and

picofarads, with a common unit of length,

v = 1/VLoCo 8

These equations provide a convenient means of determin

ing the Lo and Co of a line when delay, length and imped

ance are known. For a length 1 and delay T, 8 is the ratio

T/1. To determine l_o and Co, combine these equations.

Lo — 8 Zo

CO = 8/ZO

More formal treatments of transmission line effects are

available from many sources.

Termination and Reflection
A transmission line with a terminating resistor is shown in

Figure 3-6. As indicated, a positive step function voltage

travels from left to right. To keep track of reflection polari

ties, it is convenient to consider the lower conductor as the

voltage reference and to think in terms of current flow in the

top conductor only. The generator is assumed to have zero

internal impedance. The initial current h is determined by Vi

and Zo-

Vi—»• h—» . ^

LINE LENGTH = 1

TL/F/8607-12

DELAY = T = 1 8

FIGURE 3-6

If the terminating resistor matches the line impedance, the

ratio of voltage to current traveling along the line is matched

by the ratio of voltage to current which must, by Ohm's law,

always prevail at Rj. From the viewpoint of the voltage step

generator, no adjustment of output current is ever required;

the situation is as though the transmission line never existed

and Rj has been connected directly across the terminals of

the generator.

From the Rj viewpoint, the only thing the line did was delay

the arrival of the voltage step by the amount of time T.

When Rj is not equal to Zo. the initial current starting down

the line is still determined by V-| and Zq but the final steady

state current, after all reflections have died out, is deter

mined by V-| and Rj (ohmic resistance of the line is as

sumed to be negligible). The ratio of voltage to current in the

initial wave is hot equal to the ratio of voltage to current

demanded by Ry. Therefore, at the instant the initial wave

arrives at Rj, another voltage and current wave must be

generated so that Ohm's law is satisfied at the line-load

interface. This reflected wave, indicated by Vr and lr in Fig

ure 3-6, starts to return toward the generator. Applying

Kirchoff's laws to the end of the line at the instant the initial

wave arrives results in the following:

'i + Jr = h" = current into Ry

Since only one voltage can exist at the end of the line at this

instant of time, the following is true:

V! + Vr = VT

thus,

IT =~ Vr)/RT

also,

h = V1/Zoandlr= -Vr/Z0

with the minus sign indicating that Vr is moving toward the

generator.

Combining the foregoing relationships algebraically and

solving for Vr yields a simplified expression in terms of Vi,

Zo and Rt.

V1 Vr _ Vi + Vr

Zo

The term in parentheses is called the coefficient of reflec

tion (p|_). With Rt ranging between zero (shorted line) and

infinity (open line), the coefficient ranges between -1 and

+1 respectively. The subscript L indicates that pi_ refers to

the coefficient at the load end of the line.

This last equation expresses the amount of voltage sent

back down the line, and since

VT = Vr

then

VT = Vi (1 + PL)

Vy can also be determined from an expression which does

not require the preliminary step of calculating pi_- Manipulat

ing (1 + Pl) results in

1 + PL = 1 + (Rt - Z0)/(Rt + Z0)

= 2 (RT/(RT + Z0))

Substituting, this gives

The foregoing has the same form as a simple voltage divid

er involving a generator V-| with internal impedance, Zo,

driving a load Rt, except that the amplitude of Vj is dou

bled.

The arrow indicating the direction of Vr in Figure 3-6 correct

ly indicates the Vr direction of travel, but the direction of lr

flow depends on the Vr polarity. If Vr is positive, lr flows

toward the generator, opposing l-|. This relationship be

tween the polarity of Vr and the direction of lr can be de

duced by noting that if Vr is positive it is because RT is

greater than Zq. In turn, this means that the initial current lr
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Termination and Reflection (continued)

is larger than the final quiescent current, dictated by V-| and

Rj. Hence lr must oppose l-j to reduce the line current to the

final quiescent value. Similar reasoning shows that if Vr is

negative, lr flows in the same direction as If.

It is somewhat easier to determine the effect of Vr on line

conditions by thinking of it as an independent voltage gener

ator in series with Rj. With this concept, the direction of lr is

immediately apparent; its magnitude, however, is the ratio of

Vr to Zo, i.e., Rj is already accounted for in the magnitude

of Vr. The relationships between incident and reflected sig

nals are represented in Figure 3-7 for both cases of mis

match between Rj and Zo.

The incident wave is shown in Figure 3-7a, before it has

reached the end of the line. In Figure 3-7b, a positive Vr is

returning to the generator. To the left of Vr the current is still

It, flowing to the right, while to the right of Vr the net current

in the line is the difference between h and lr. In Figure 3-7c,

the reflection coefficient is negative, producing a negative

Vr. This, in turn, causes an increase in the amount of current

flowing to the right behind the Vr wave.

Source Impedance, Multiple

Reflections
When a reflected voltage arrives back at the source (gener

ator), the reflection coefficient at the source determines the

response to Vr. The coefficient of reflection at the source is

governed by Zq and the source resistance Rs-

PS = (Rs " Z0)/(Rs + Z0)

If the source impedance matches the line impedance, a re

flected voltage arriving at the source is not reflected back

toward the load end. Voltage and current on the line are

stable with the following values.

VT = Vj + Vr

If neither source impedance nor terminating impedance

matches Zo, multiple reflections occur; the voltage at each

end of the line comes closer to the final steady state value

with each succeeding reflection. An example of a line mis

matched on both ends is shown in Figure 3-8. The source is

a step function of Vqc = 5.0V amplitude occurring at time

to. The Initial value of V! starting down the line is 2.4V due

to the voltage divider action of Zq and Rs- The time scale in

the photograph shows that the line delay is approximately

6 ns. Since neither end of the line is terminated in its char

acteristic impedance, multiple reflections occur.

a. Incident Wave

V

Vi
Vi ""

t<T —

1 -

I DISTANCE

TL/F/8607-13

b. Reflected Wave for RT >

TL/F/9607-14

c. Reflected Wave for Rt >

Ji_

-*—
1

1

T<t<2T t

)VT .
i

FIGURE 3-7. Reflections for RT = Zo

TL/F/9607-15
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Source Impedance, Multiple Reflections (continued)

FAST OUTPUT

0 = 50fl

(25-50)0

PS (25 + 50)ft

~ TL/F/9607-16

FIGURE 3-8. Multiple Reflections Due to Mismatch at Load and Source

V0 = Vcc-Z'Vbe" 3.6V

(300 - 50)ft

H = 20 ns/div.

V = 1V/div.

The amplitude and persistence of the ringing shown in Fig

ure 3-8 become greater with increasing mismatch between

the line impedance and source and load impedances. The

difference in amplitude between the first two positive peaks

observed at the open end is

VT - V'j = d + Pl) Vi - (1 + pl) Vt P2LP2S

= d +pL)Vi(1 -p2Lp2S)

The factor (1 - p2s) is similar to the damping factor associ

ated with lumped constant circuitry. It expresses the attenu

ation of successive positive or negative peaks of ringing.

Lattice Diagram
In the presence of multiple reflections, keeping track of the

incremental waves on the line and the net voltage at the

ends becomes a bookkeeping chore. A convenient and sys

tematic method of indicating the conditions which combine

magnitude, polarity and time utilizes a graphic construction

called a lattice diagram. A lattice diagram for the line condi

tions of Figure 3-8 is shown in Figure 3-9.

(3.6V) = 2.4V

FIGURE 3-9. Lattice Diagram for the

Circuit of Figure 3-8
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Lattice Diagram (continued)

The vertical lines symbolize discontinuity points, in this case

the ends of the line. A time scale is marked off on each line

in increments of 2T, starting at to for V-| and T voltages

traveling between the ends of the line; solid lines are used

for positive voltages and dashed lines for transmission mul

tipliers p and (1 + p) at each vertical line, and to tabulate

the incremental and net voltages in columns alongside the

vertical lines. Both the lattice diagram and the waveform

photograph show that V-j and Vj asymptomatically ap

proach 3.4V, as they must with a 3.4V source driving a light

ly loaded line.

Shorted Line
The open-ended line in Figure 3-8 has a reflection coeffi

cient of 0.71 and the successive reflections tend toward the

steady state conditions of zero line current and a line volt

age equal to the source voltage. In contrast, a shorted line

has a reflection coefficient of - i and successive reflections
must cause the line conditions to approach the steady state

conditions of zero voltage and a line current determined by

the source voltage and resistance.

Shorted line conditions are shown in Figure 3-10a with the

reflection coefficient at the source end of the line also nega

tive. A negative coefficient at both ends of the line means

that any voltage approaching either end of the line.is reflect

ed in the opposite polarity. Figure 3-1Ob shows the re

sponse to an input step-function with a duration much long

er than the line delay, the Initial voltage starting down the
line israbout 2.4Y, wWch is inverted at the shqrted *j(hcf and
returned toward the source as -2.4V. Arriving back at the

source end of the line, this voltage is multiplied by (1 + ps),

causing a — 1.61V net change in Vi. Concurrently, a reflect

ed voltage of + 0.80V (-2.4V times ps'bY -0.33) starts
back toward the shorted end of the line. The voltage at V<\ is

reduced by 50% with each successive round trip of reflec

tions, thus leading to the final condition of zero volts on the
line.

When the duration of the input pulse is less than the delay

of the line, the reflections observed at the source end of the

line constitute a train of negative pulses, as shown in Figure

3-1Oc. The amplitude decreases by 50% with each succes

sive occurrence as it did in Figure 3-1Ob.

Series Termination
Driving an open-ended line through a source resistance

equal to the line impedance is called series termination. It is

particularly useful when transmitting signals which originate

on a PC board and travel through the back-plane to another

board, with the attendant discontinuities, since reflections

coming back to the source are absorbed and ringing thereby

controlled. The amplitude of the initial signal sent down the

line is only half of the generator voltage, while the voltage at

the open end of the line is doubled to full amplitude

(1 + pi_ = 2). The reflected voltage arriving back at the

source raises V-| to the full amplitude of the generator sig

nal. Since the reflection coefficient at the source is zero, no

further changes occur and the line voltage is equal to the

generator voltage. Because the initial signal on the line is

only half the normal signal swing, the loads must be con

nected at or near the end of the line to avoid receiving a 2-

step input signal.

A TTL output driving a seriesiterminated line is severely lim
ited in its fanout capabilities due to the IR drop associated

with the collective l||_ drops of the inputs being driven. For

mostTTL families other than FAST it should not be consid

ered since either the input currents are so high (TTL, S, H)

or the input threshold is very low (LS). In either case the

noise margins are severely degraded to the point where the

circuit becomes unusable. In FAST, however, the l|i_ of

0.6 mA, if sunk through a resistor of 2511 used a series

terminating resistor, will reduce the low level noise margin

15 mV for each standard FAST input driven.
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Series Termination (continued)

a. Reflection Coefficients for Shorted Line

FAST OUTPUT

= 50fl

PS - -0.33

b. Input Pulse Duration > Line Delay

TL/F/9607-19

pL=-1

c. Input Pulse Duration < Line Delay

V = 1V/div.

H = 20 ns/div.

FIGURE 3-10. Reflections of Long and Short Pulses on a Shorted Line

TABLE III-IV. Relative Dielectric

Constants of Various Materials

Material

Air

Polyethylene Foam

Cellular Polyethylene

Teflon

Polyethylene

Polystyrene

Nylon

Silicon Rubber

Polyvinylchloride(PVC)

Epoxy Resin

Delrin

Epoxy Glass

Mylar

Polyurethane

*r

1.0

1.6

1.8

2.1

2.3

2.5

3.0

3.1

3.5

3.6

3.7

4.7

5.0

7.0

All the above information on impedance and propagation

delays are for the circuit interconnect only. The actual im

pedance and propagation delays will differ from this by the

loading effects of gate input and output capacitances, and

by any connectors that may be in line. The effective imped

ance and propagation delay can be determined from the

following formula:

where C|_ is the total of all additional loading.

The results of these formulas will frequently give effective

impedances of less than half Zo, and interconnect propaga

tion delays greater than the driving device propagation de

lays, thus becoming the predominant delay.
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Series Termination (continued)

FIGURE 3-11. Unterminated

The maximum length for an unterminated line can be deter

mined by

'max = V2tpd

and for FAST, tr = 3 ns, so lmax = 10 inches for trace on

GIO epoxy glass PC.

The voltage wave propagated down the transmission line (V

step) is the full output drive of the device into Zq'. Reflec

tions will not be a problem if I £ lmax. Lines longer than lmax

will be subject to ringing and reflections and will drive the

inputs and outputs below ground.

Series termination has limited use in TTL interconnect

schemes due to the voltage drop across RTs in the LOW

state, reducing noise margins at the receiver. Series termi

nation is the ideal termination for highly capacitive memory

arrays whose DC loadings are minimal. RTs values of 10ft

to 50ft are normally found in these applications.

Four possibilities for parallel termination exist:

A. Z<y to Vqc- This will consume current from V<x when

output is LOW;

B. Zq' to GND. This will consume current from V<x when

output is HIGH;

C. Thevenin equivalent termination. This will consume half

the current of A and B from the output stage, but will

have reduced noise margins, and consume current from

VCc with outputs HIGH or LOW. If used on a

TRI-STATE® bus, this will set the quiescent line voltage

to half.

D. AC Termination. An RC termination to GND, C = 3tr/Z<>

This consumes no DC current with outputs in either state. If

this is used on a TRI-STATE bus, then the quiescent voltage

on the line can be established at V<x or GND by a high

value pull up (down) resistor to the appropriate supply rail.

§
I.

O

FIGURE 3-12. Series-Terminated

a.RTtoVcc
RT = Z0'

TL/F/9607-24

b.RTtoGND

= ZO'

TL/F/96O7-25

c. Thevenin Termination

RT = 2Z0'

TL/F/9607-26

d. AC Termination to GND

RT + XCT = Z0'

FIGURE 3-13. Parallel Terminated
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Decoupling

d)100fl Vcc
Impedance

Gnd

.032"

Epoxy Glass

^cc

Impedance TL/F/9607-28

FIGURE 3-14. Typical Dynamic Impedance of Unbypassed Vcc Runs

This diagram shows several schemes for power and ground

distribution on logic boards. Figure 3-14 is a cross-section,

with a, b, and c showing a 0.1 inch wide VCc bus and

ground on the opposite side. Figure 3-14d shows side-by-

side Vcc and ground strips, each 0.04 inch wide. Figure

3-14e shows a four layer board with embedded power and

ground planes.

In Figure 3-14a, the dynamic impedance of Vcc with respect

to ground is 50ft, even though the Vcc trace width is gener

ous and there is a complete ground plane. In Figure 3-14b,

the ground plane stops just below the edge of the VCc bus

and the dynamic impedance doubles to 100ft. In Figure

3-14c, the ground bus is also 0.1 inch wide and runs along

under the Vcc bus and exhibits a dynamic impedance of

about 68ft. In Figure 3-14d, the trace widths and spacing

are such that the traces can run under a DIP, between two

rows of pins. The impedance of the power and ground

planes in Figure 3-14e is typically less than 2ft.

These typical dynamic impedances point out why a sudden

current demand due to an IC output switching can cause a

momentary reduction in Vcc. unless a bypass capacitor is

located near the IC.

Decoupling capacitors should be used on every PC card, at

least one for every five to ten standard TTL packages, one

for every five fLS and 'S packages, one for every three

FAST packages, and one for every one-shot (monostable),

line driver and line receiver package. They should be good

quality rf capacitors of 0.01 jiF to 0.1 /aF with short leads. It

is particularly important to place good rf capacitors near se

quential (bistable) devices. In addition, a larger capacitor

(preferably a tantalum capacitor) of 2.0 jmF to 20 jnF should

be included on each card.

Data Bus -

100A

Buffer

1 of 8

100A

Buffer Output Sees Net 50H Load.

50ft Load Line on Ioh-Voh Characteristic

Shows LOW-to-HIGH Step of Approx. 2.5V.

2.7V

Worst-Case Octal Drain = 8 x 50 mA = 0.4 Amp.

TL/F/9607-29

FIGURE 3-15. Ice Drain Due to Line Driving
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Decoupling (Continued)

This diagram illustrates the sudden demand for current from

Vcc when a buffer output forces a LOW-to-HIGH transition

into the midpoint of a data bus. The sketch shows a wire-

over-ground transmission line, but it could also be a twisted

pair, flat cable or PC interconnect.

The buffer output effectively sees two 100ft lines in parallel

and thus a 50ft load. For this value of load impedance, the

buffer output will force an initial LOW-to-HIGH transition

from 0.2V to 2.7V in about 3 ns. This net charge of 2.5V into

a 50 load causes an output-HIGH current change of 50 mA.

If all eight outputs of an octal buffer switch simultaneously,

in this application the current demand on Vcc would be

0.4A. Clearly, a nearby Vcc bypass capacitor is needed to

accommodate this demand.

Q = cv

Vrr BUS . I = CAV/At

Design Guidelines

Zee

1

C = lAt/AV

At = 3 X 10-9

l = 0.4A

Bypass Capacitors-

TL/F/9607-30

FIGURE 3-16. VCc Bypass Capacitor for Octal Driver

Specify Vcc Droop = 0.1V max.

c i2x10

Select CB £ 0.02 pF

A Vcc bus with bypass capacitors connected periodically

along its length is shown above. Also shown is a current

source representing the current demand of the buffer in the

preceding application.

The equations illustrate an approximation method of esti

mating the size of a bypass capacitor based on the current

demand, the drop in Vcc tnat can be tolerated and the

length of time that the capacitor must supply the charge.

While the demand is known, the other two parameters must

be chosen. A Vcc droop of 0.1V will not cause any appre

ciable change in performance, while a time duration of 3 ns

is long enough for other nearby bypass capacitors to help

supply charge. If the current demand continues over a long

period of time, charge must be supplied by a very large

capacitor on the board. This is the reason for the recom

mendation that a large capacitor be located where Vcc

comes onto a board. If the buffers are also located near the

connector end of the board, the large capacitor helps supply

charge sooner.

GROUND COMB

(BELOW)

GROUND

A good ground system is essential for a PC card containing

a large number of packages. The ground can either be a

good ground bus, or better, a ground plane which, incorpo

rated with the Vcc supply, forms a transmission line power

system. Power transmission systems, which can be at

tached to a PC card to give an excellent power system with

out the cost of a multilayer PC card, are commercially avail

able. Ground loops on or off PC cards are to be avoided

unless they approximate a ground plane.

With the advent of FAST, with considerably faster edge

rates and switching times, proper grounding practice has

become of primary concern in printed circuit layout. Poor

circuit grounding layout techniques may result in crosstalk

and slowed switching rates. This reduces overall circuit per

formance and may necessitate costly redesign. Also when

FAST chips are substituted for standard TTL-designed print

ed circuit boards, faster edge rates can cause noise prob

lems. The source of these problems can be sorted into

three categories:

1. Vcc droop due to faster load capacitance charging;

2. Coupling via ground paths adjacent to both signal sourc

es and loads; and

3. Crosstalk caused by parallel signal paths.

Vcc droop can be remedied with better or more bypassing

to ground. The rule here is to place 0.01 /xF capacitors from

Vcc to ground for every three FAST circuits used, as near

the IC as possible. The other two problems are not as easily

corrected, because PC boards, may already be manufac

tured and utilized. In this case, simply replacing TTL circuits

with FAST compatible circuits is not always as easy as it

may seem, especially on two-sided boards. In this situation

IC placement is critical at high speeds. Also when designing

high density circuit layout, a ground-plane layer is imperative

to provide both a sufficiently low inductance current return

path and to provide electromagnetic and electrostatic

shielding thus preventing noise problem 2 and reducing, by

a large degree, noise problem 3.

TWO-SIDED PC BOARD LAYOUT

When considering the two-sided PC board, more than one

ground trace is often found in a parallel or non-parallel con

figuration. For this illustration parallel traces tied together at

one end are shown. This arrangement is referred to as a

ground comb. The ground comb is placed on one side of the

PC board while the signal traces are on the other side, thus

the two-sided circuit board.

FIGURE 3-17
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Design Guidelines (continued)

GROUND COMB

FIGURE 3-18

Figure 3-18 illustrates how noise is generated even though

there is no apparent means of crosstalk between the cir

cuits. If package A has an output which drives package D

input and package B output drives package C input, there is

no apparent path for crosstalk since mutual signal traces

Ground Strip

Inductance

are remotely located. What is significant, and must be em

phasized here, is that circuit packages A and B accept their

ground link from the same trace. Hence, circuit A may well

couple noise to circuit B via the common or shared portion

of the trace. This is especially true at high switching speeds.

Strip #1

Common

Tie Point
Strip #2

Strip #3
TL/F/9607-33

FIGURE 3-19. Ground Trace Coupling
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Design Guidelines (continued)
Ground trace noise coupling is illustrated by a model circuit

in Figure 3-19. With the ground comb configuration, the

ground strips may be shown to contain distributed induc

tance, as is indeed the case. Referring to Figure 3-19 we

can see that if we switch gate A from HIGH to LOW, the

current for the transition is drawn from ground strip number

two. Current flows in the direction indicated by the arrow to

the common tie point. It can be seen that gate B shares

ground strip number two with gate A from, the point where

gate B is grounded back to the common tie point. This

length is represented by L1. When A switches states there

is a current transient which occurs on the ground strip in the

positive direction. This current spike is caused by the

ground strip inductance and it is "felt" by gate B. If gate B is

in a LOW state (Vol) the spike will appear on the output

since gate B's Vql level is with reference to ground. Thus if

gate B's ground reference rises momentarily Vol will also

rise. Consequently, if gate B is output to another gate (C in

the illustration) problems may arise.

SUPPLY VOLTAGE AND TEMPERATURE

The normal supply voltage Vcc for all TTL circuits is + 5.0V.

Commercial grade parts are guaranteed to perform with a

±10% supply tolerance (±500 mV) over an ambient tem

perature range of 0°C. Military grade parts are guaranteed to

perform with ±10% supply tolerance (±500 mV) over an

ambient temperature range of -55°C to + 125°C.

The actual junction temperature can be calculated by multi

plying the power dissipation of the device with the thermal

resistance of the package and adding it to the measured

ambient temperature TA or package (case) temperature Tq.

For example, a device in ceramic DIP (0JA 100°C/W) dissi

pates typically 145 mW. At + 55°C ambient temperature, the

junction temperature is

Tj = (0.145 X 100) + 55°C

Designers should note that localized temperatures can rise

well above the general ambient in a system enclosure. On a

large PC board mounted in a horizontal plane, for example,

the local temperature surrounding an IC in the middle of the

board can be quite high due to the heating effect of the

♦ 5.2V

surrounding packages and the very poor natural convection.

Low velocity forced air cooling is usually sufficient to allevi

ate such localized static air conditions.

INTERFACING

All TTL circuits are compatible, and any TTL output can

drive a certain number of TTL inputs. There are only subtle

differences in the worst-case noise immunity when low pow

er, standard and Schottky TTL circuits are intermixed.

Open-collector outputs, however, require a pull-up resistor

to drive TTL inputs reliably.

While TTL is the dominating logic family, and many systems

use TTL exclusively, there are cases where different semi

conductor technologies are used in one system, either to

improve the performance or to lower the cost, size and pow

er dissipation. The following explains how TTL circuits can

interface with ECL, CMOS and discrete transistors.

Interfacing TTL and ECL—Mixing ECL and TTL logic fami

lies offers the design engineer a new level of freedom and

opens the entire VHF frequency spectrum to the advan

tages of digital measurement, control and logic operation.

The main advantages gained with ECL are high speed, flexi

bility, design versatility and transmission line compatibility.

But application and interfacing cost problems have tradition

ally discouraged the use of ECL in many areas, particularly

in low cost, less sophisticated systems.

The most practical interfacing method for smaller systems

involves using a common supply of + 5.0V to + 5.2V. Care

must be exercised with both logic families when using this

technique to assure proper bypassing of the power supply

to prevent any coupling of noise between circuit families.

When larger systems are operated on a common supply,

separate power buses to each logic family help prevent

problems. Otherwise, good high frequency bypassing tech

niques are usually sufficient.

ECL devices have high input impedance with input pull

down resistors (> 20 kn) to the negative supply. In the TTL

to ECL interface circuits in Figure 3-20, it is assumed that

the ECL devices have high input impedance.

b.

+ 5V

TL/F/9607-34

FIGURE 3-20. TTL-to-ECL Conversion
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Design Guidelines (continued)
All circuits described operate with ±5% ECL and ±10%

TTL supply variations, except those with ECL and TTL on a

common supply. In those cases, the supply can be ±10%

with ECL All resistors are 1/4W, ±5% composition type.

TTL to ECL conversion is easily accomplished with resis

tors, which simultaneously attenuate the TTL signal swing,

shift the signal levels, and provide low impedance for damp

ing and immunity to stray noise pick-up. The resistors

should be located as near as possible to the ECL circuit for

optimum effect. The circuits in Figure 3-20 assume an un

loaded TTL gate as the standard TTL source. ECL input

impedance is predominantly capacitive (approximately

3 pF); the net RC time constant of this capacitance with the

indicated resistors assures a net propagation delay gov

erned primarily by the TTL signal.

a. Common Power Supply

+5.2V

TL/F/8607-36

b. Separate Power Supplies

+5V

When interfacing between high voltage swing TTL logic and

low voltage swing ECL logic, the more difficult conversion is

from ECL to TTL. This requires a voltage amplifier to build

up the 0.8V logic swing to a minimum of 2.5V. The circuits

shown in Figure 3-21 may be used to interface from ECL to

TTL.

The higher speed converters usually have the lowest fan-

out: only one or two TTL gates. This fanout can be in

creased simply by adding a TTL buffer gate to the output of

the converter. Another option, where ultimate speed is re

quired, is to use additional logic converters.

Interfacing FAST and CMOS—Due to their wide operating

voltage range, CMOS devices will function outside of the

standard ±5V ± 10% supply levels. For our purposes, only

the case where both the FAST and CMOS devices are con

nected to the same voltage source will be considered.

FAST outputs can sink at least 20 mA in the LOW state.

This is more than adequate to drive CMOS inputs to a valid

LOW level. Due to their output designs, though, FAST out

puts are unable to pull CMOS inputs to above approximately

4.0V. If the CMOS device does not have TTL-compatible

input levels, the FAST output should be pulled with a resis

tor to Vqc- The value of this resistor will vary according to

the system. Factors that affect the selection of the value

are: edge rate— the smaller the resistor, the faster the edge

rate; fanout—the smaller the resistor, the greater the fanout;

and noise margins—the smaller the resistor, the greater the

output HIGH noise margin and the smaller the output LOW

noise margin. FAST outputs can directly drive TTL-compati

ble CMOS inputs, such as the inputs on ACT or HCT devic

es, without pull up registers.

Most CMOS outputs are capable of directly driving FAST

inputs. Be aware, though, that TTL inputs have higher load

ing specifications than CMOS inputs. Care must be taken to

insure that the CMOS outputs are not overloaded by the

FAST input loading.

TTL Driving Transistors—Although high voltage, high cur

rent ICs are available, it is sometimes necessary to control

greater currents or voltages than integrated circuits are ca

pable of handling. When this condition arises, a discrete

transistor with sufficient capacity can be driven from a TTL

output. Discrete transistors are also used to shift voltages

from TTL levels to logic levels for which a standard interface

driver is not available.

The two circuits of Figure 3-22 show how TTL can drive npn

transistors. The first circuit is the most efficient but requires

an open-collector TTL output. The other circuit limits the

output current from the TTL totem pole output through a

series resistor.

TL/F/9607-37

FIGURE 3-21. ECL-to-TTL Conversion
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Design Guidelines (continued)

Open Collector

TTL

560G

lb>3mA —

f
9

O

lb>10mA ""

FIGURE 3-22. TTL Driving npn Transistors

TL/F/9607-3B

TL/F/9807-39

FIGURE 3-23. pnp Transistor Shifting TTL Output

Shifting a TTL Output to Negative Levels—The circuit of

Figure 3-23 uses a pnp transistor to shift the TTL output to a

negative level. When the TTL output is HIGH, the transistor

is cut off and the output voltage is -Vx. When the TTL

output is LOW, the transistor conducts and the output volt

age is

VoUT = -VX + R1/R2 (Vcc " 2.0V)

if the transistor is not saturated, or slightly positive if the

transistor is allowed to saturate.

High Voltage Drivers—A TTL output can be used to drive

high voltage, low current loads through the simple, non-in

verting circuits shown in Figure 3-24. This can be useful for

driving gas discharge displays or small relays, where the

TTL output can handle the current but not the voltage. Load

current should not exceed Iql (-4 mA).
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I Design Guidelines (continued)

10 ka

TTL

b.

V. >Vr,

TL/F/9607-41

FIGURE 3-24. Non-Inverting

High Voltage Drivers

TL/F/9607-40

Transistors Driving TTL—It is sometimes difficult to drive

the relatively low impedance and narrow voltage range of

TTL inputs directly from external sources, particularly in a

rough, electrically noisy environment. The circuits shown in

Figure 3-25 can handle input signal swings in excess of

± 100V without harming the circuits. The second circuit has

input RC filter that suppresses noise. Unambiguous TTL

voltage levels are generated by the positive feedback

(Schmitt trigger) connection.

Open Collector Outputs
A number of available circuits have no pull-up circuit on the

outputs. Open collector outputs are used for interfacing or

for wired-OR (actually wired-AND) functions. The latter is

achieved by connecting open collector outputs together and

adding an external pull-up resistor.

The value of the pull-up resistor is determined by consider

ing the fanout of the OR tie and the number of devices in

the OR tie. The pull-up resistor value is chosen from a range

between maximum value (established to maintain the re

quired V0H with all the OR-tied outputs HIGH) and a mini

mum value (established so that the OR tie fanout is not

exceeded when only one output is LOW).

TL/F/9607-43

FIGURE 3-25. Transistors Driving TTL
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Minimum and Maximum Pull-up

Resistor Values

D ( V
R*<MIN> = llOL-
RX(MAX) =
X(MAX)

N2(LOW)*1.6mAj
VCC(MIN) ~ VOH \

Woh + N2(HIGH)«40hA,/

where:

Rx = External pull-up resistor

Ni = Number of wired-OR outputs

N2 = Number of input unit loads being driven

■oh = 'cex = Output HIGH leakage current

Iol = LOW level fanout current of driving element

V0L = Output LOW voltage level (0.5V)

V0H = Output HIGH voltage level (2.5V)

Vcc = Power Supply Voltage

Example: four 'F524 gate outputs driving four other gates or

MSI inputs.

f_5-5V-°-5V ,=J^U893nRX (MIN) :

Rx (MAX) :

where:

V8.0mA-2.4 mA

4.5V - 2.5V

5.6 mA/

2.0V \

• 250 jutA + 2 • 40 fiA ~ 1.08 mA/
1852ft

N2(HIGH) = 4 • 0.5 U.L = 2 U.L

N2(LOW) = 4 • 0375 U.L = 1.5 U.L

lOH = 250 ,iA

•ol = 8.0 mA

V0L = 0.5V

V0H = 2.5V

Any values of pull-up resistor between 893ft and 1852ft

can be used. The lower values yield the fastest speeds

while the higher values yield the lowest power dissipation.

Increasing Fanout
To increase fanout, inputs and outputs of gates on the same

package may be paralleled to those in a single package to

avoid large transient supply currents due to different switch

ing times of the gates. This is not detrimental to the devices,

but could cause logic problems if the gates are being used

as clock drivers.

Unused Inputs
Theoretically, an unconnected input assumes the HIGH log

ic level, but practically speaking it is in an undefined logic

state because it tends to act as an antenna for noise. Only a

few hundred millivolts of noise may cause the unconnected

input to go to the logic LOW state. On devices with memory

(flip-flops, latches, registers, counters), it is particularly im

portant to terminate unused inputs (MR, PE, PL, CP) proper

ly since a noise spike on these inputs might change the

contents of the memory. It is a poor design practice to leave

unused inputs floating.

If the logic function calls for a LOW input, such as in NOR or

OR gates, the input can be connected directly to ground.

For a permanent HIGH signal, unused inputs can be tied

directly to Vcc- An unused input may also be tied to a used

input having the same logic function, such as NAND and

AND gates, provided that the driver can handle the added

Iih- This practice is not recommended for diode-type inputs

in a noisy environment, since each diode represents a small

capacitor and two or more in parallel can act as an entry

port for negative spikes superimposed on a HIGH level and

cause momentary turn-off of Q2.
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54F/74F00 Quad 2-lnput NAND Gate 4-6

54F/74F02 Quad 2-lnput NOR Gate 4-9

54F/74F04 Hex Inverter 4-12

54F/74F08 Quad 2-lnput AND Gate 4-15

54F/74F10 Triple 3-lnput NAND Gate 4-18

54F/74F11 Triple 3-lnput AND Gate 4-21

54F/74F13 Dual 4-lnput NAND Schmitt Trigger 4-24

54F/74F14 Hex Inverter Schmitt Trigger 4-27

54F/74F20 Dual 4-lnput NAND Gate 4-30

54F/74F27 Triple 3-lnput NOR Gate 4-32

54F/74F30 8-lnput NAND Gate ............. 4-35

54F/74F32 Quad 2-lnput OR Gate 4-38

54F/74F37 Quad 2-lnput NAND Buffer 4-41

54F/74F38 Quad 2-lnput NAND Buffer (Open Collector) 4-44

54F/74F40 Dual 4-lnput NAND Buffer 4-47

54F/74F51 2-2-2-3 AND-OR-lnvert Gate 4-50

54F/74F64 4-2-3-2-lnput AND-OR-lnvert Gate 4-53

54F/74F74 Dual D-Type Positive Edge-Triggered Flip-Flop 4-56

54F/74F86 Quad 2-lnput Exclusive-OR Gate 4-60

54F/74F109 Dual JK Positive Edge-Triggered Flip-Flop 4-63

54F/74F.112 Dual JK Negative Edge-Triggered Flip-Flop 4-67

54F/74F113 Dual JK Negative Edge-Triggered Flip-Flop 4-71

54F/74F114 Dual JK Negative Edge-Triggered Flip-Flop w/Common Clocks and Clears 4-75

54F/74F125 Quad Buffer (TRI-STATE) 4-79

54F/74F132 Quad 2-lnput NAND Schmitt Trigger 4-82

54F/74F138 1-of-8 Decoder/Demultiplexer 4-85

54F/74F139 Dual 1-of-4 Decoder/Demultiplexer 4-89

54F/74F148 8-Line to 3-Line Priority Encoder 4-93

54F/74F151A 8-lnput Multiplexer 4-97

54F/74F153 Dual 4-lnput Multiplexer 4-101

54F/74F157A Quad 2-lnput Multiplexer 4-105

54F/74F158A Quad 2-lnput Multiplexer (Inverted) 4-109

54F/74F160A Synchronous Presettable BCD Decade Counter (Asynchronous Reset) 4-113

54F/74F162A Synchronous Presettable BCD Decade Counter (Synchronous Reset) 4-113

54F/74F161A Synchronous Presettable Binary Counter (Asynchronous Reset) 4-120

54F/74F163A Synchronous Presettable Binary Counter (Synchronous Reset) 4-120

54F/74F164 Serial-ln, Parallel-Out Shift Register 4-126

54F/74F168 4-Stage Synchronous Bidirectional Counter 4-130

54F/74F169 4-Stage Synchronous Bidirectional Counter 4-130

54F/74F174 Hex D Flip-Flop w/Master Reset 4-136

54F/74F175 Quad D Flip-Flop 4-140

54F/74F181 4-Bit Arithmetic Logic Unit 4-144

54F/74F182 Carry Lookahead Generator 4-150

54F/74F189 64-Bit Random Access Memory w/TRI-STATE Outputs 4-155

54F/74F190 Up/Down Decade Counter w/Preset and Ripple Clock 4-159

54F/74F191 Up/Down Binary Counter w/Preset and Ripple Clock 4-164

54F/74F192 Up/Down Decade Counter w/Separate Up/Down Clocks 4-169

54F/74F193 Up/Down Binary Counter w/Separate Up/Down Clocks 4-174
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54F/74F194 4-Bit Bidirectional Universal Shift Register .. 4-179

54F/74F219 64-Bit Random Access Memory w/TRI-STATE Outputs 4-183

54F/74F240 Octal Buffer/Line Driver w/TRI-STATE Outputs (Inverting) 4-187

54F/74F241 Octal Buffer/Line Driver w/TRI-STATE Outputs 4-187

54F/74F244 Octal Buffer/Line Driver w/TRI-STATE Outputs 4-187

54F/74F242 Quad Bus Transceiver w/TRI-STATE Outputs 4-191

54F/74F243 Quad Bus Transceiver w/TRI-STATE Output 4-192

54F/74F245 Octal Bidirectional Transceiver w/TRI-STATE Outputs 4-195

54F/74F251A 8-lnput Multiplexer w/TRI-STATE Outputs 4-199

54F/74F253 Dual 4-Bit Multiplexer w/TRI-STATE Outputs 4-203

54F/74F256 Dual 4-Bit Addressable Latch 4-207

54F/74F257A Quad 2-lnput Multiplexer w/TRI-STATE Outputs 4-209

54F/74F258A Quad 2-lnput Multiplexer w/TRI-STATE Outputs (Inverting) 4-213

54F/74F259 8-Bit Addressable Latch 4-217

54F/74F269 8-Bit Bidirectional Binary Counter 4-219

54F/74F273 Octal D Flip-Flop 4-223

54F/74F280 9-Bit Parity Generator/Checker 4-225

54F/74F283 4-Bit Binary Full Adder w/Fast Carry 4-229

54F/74F298 Quad 2-lnput Multiplexer with Storage .. 4-234

54F/74F299 8-Bit Universal Shift/Storage Register w/Common Parallel I/O Pins 4-235

54F/74F322 8-Bit Serial/Parallel Register w/Sign Extend 4-240

54F/74F323 8-Bit Universal Shift/Storage Register w/Synchronous Reset and

Common I/O Pins 4-245

54F/74F350 4-Bit Shifter w/TRI-STATE Outputs 4-250

54F/74F352 Dual 4-lnput Multiplexer 4-256

54F/74F353 Dual 4-lnput Multiplexer w/TRI-STATE Outputs 4-260

54F/74F365 Hex Buffer/Driver w/TRI-STATE Outputs 4-264

54F/74F366 Hex Inverter/Buffer w/TRI-STATE Outputs 4-267

54F/74F368 Hex Inverter/Buffer w/TRI-STATE Outputs 4-267

54F/74F373 Octal Transparent Latch w/TRI-STATE Outputs 4-271

54F/74F374 Octal D-Type Flip-Flop w/TRI-STATE Outputs 4-275

54F/74F377 Octal D-Type Flip-Flop w/Clock Enable 4-279

54F/74F378 Parallel D Register with Enable 4-281

54F/74F379 Quad Parallel Register with Enable 4-285

54F/74F381 4-Bit Arithmetic Logic Unit 4-289

54F/74F382 4-Bit Arithmetic Logic Unit 4-295

54F/74F385 Quad Serial Adder/Subtracter 4-301

54F/74F395 4-Bit Cascadable Shift Register w/TRI-STATE Outputs 4-306

54F/74F398 Quad 2-Port Register 4-308

54F/74F399 Quad 2-Port Register 4-308

54F/74F401 Cyclic Redundancy Check Generator/Checker 4-313

54F/74F402 Serial Data Polynomial Generator/Checker 4-318

54F/74F403 16x4 First-ln First-Out Buffer Memory 4-326

54F/74F407 Data Access Register 4-343

54F/74F410 Register Stack—16x4 RAM TRI-STATE Output Register 4-350

54F/74F412 Multi-Mode Buffered 8-Bit Latch w/TRI-STATE Outputs 4-354

54F/74F413 64 x 4 First-ln First-Out Buffer Memory w/Parallel I/O 4-359

54F/74F420 Paralleled Check Bit/Syndrome Bit Generator 4-363

54F/74F432 Multi-Mode Buffered 8-Bit Latch w/TRI-STATE Output 4-368

54F/74F433 64 x 4 First-ln First-Out Buffer Memory 4-374

54F/74F521 8-Bit Identity Comparator 4-388

54F/74F524 8-Bit Registered Comparator 4-392
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54F/74F525 16-Bit Programmable Counter 4-399

54F/74F533 Octal Transparent Latch w/TRI-STATE Outputs 4-406

54F/74F534 Octal D Flip-Flop w/TRI-STATE Outputs 4-410

54F/74F537 1-of-10 Decoder w/TRI-STATE Outputs 4-414

54F/74F538 1-of-8 Decoder w/TRI-STATE Outputs 4-418

54F/74F539 Dual 1 -of-4 Decoder w/TRI-STATE Outputs 4-422

54F/74F540 Octal Buffer/Line Driver w/TRI-STATE Outputs (Inverting). 4-426

54F/74F541 Octal Buffer/Line Driver w/TRI-STATE Outputs 4-426

54F/74F543 Octal Registered Transceiver 4-430

54F/74F544 Octal Registered Transceiver (Inverting in Both Directions) 4-435

54F/74F545 Octal Bidirectional Transceiver w/TRI-STATE Outputs 4-440

54F/74F547 Octal Decoder/Demultiplexer w/Address Latches and Acknowledge 4-443

54F/74F548 Octal Decoder/Demultiplexer w/Acknowledge 4-448

54F/74F550 Octal Registered Transceiver w/Status Flags 4-452

54F/74F551 Octal Registered Transceiver w/Status Flags 4-452

54F/74F552 Octal Registered Transceiver w/Parity and Flags 4-458

54F/74F563 Octal D-Type Latch w/TRI-STATE Outputs 4-464

54F/74F564 Octal D-Type Flip-Flop w/TRI-STATE Outputs 4-468

54F/74F568 4-Bit Bidirectional Decade Counter w/TRI-STATE Outputs 4-472

54F/74F569 4-Bit Bidirectional Binary Counter w/TRI-STATE Outputs 4-472

54F/74F573 Octal D-Type Latch w/TRI-STATE Outputs * 4-483

54F/74F574 Octal D-Type Flip-Flop w/TRI-STATE Outputs 4-487

54F/74F579 8-Bit Bidirectional Binary Counter w/TRI-STATE Outputs 4-491

54F/74F582 4-Bit BCD Arithmetic Logic Unit 4-493

54F/74F583 4-Bit BCD Adder 4-497

54F/74F588 Octal Bidirectional Transceiver with IEEE-488 Termination Resistors and

TRI-STATE Inputs/Outputs 4-501

54F/74F595 8-Bit Shift Register w/Output Latches 4-505

54F/74F597 8-Bit Shift Register 4-507

54F/74F598 8-Bit Shift Register 4-509

54F/74F620 Inverting Octal Bus Transceiver w/TRI-STATE Outputs 4-511

54F/74F623 Inverting Octal Bus Transceiver w/TRI-STATE Outputs 4-511

54F/74F632 32-Bit Parallel Error Detection and Correction Circuit 4-513

54F/74F646 Octal Transceiver/Register w/TRI-STATE Outputs 4-525

54F/74F648 Octal Transceiver/Register w/TRI-STATE Outputs 4-525

54F/74F651 Octal Transceiver/Register w/TRI-STATE Outputs (Inverting) 4-532

54F/74F652 Octal Transceiver/Register w/TRI-STATE Outputs 4-532

54F/74F657 Octal Bidirectional Transceiver with 8-Bit Parity Generator/Checker and

TRI-STATE Outputs 4-538

54F/74F673A16-Bit Serial-ln, Serial/Parallel-Out Shift Register (Common Serial I/O Pin) ... 4-543

54F/74F67416-Bit Serial/Parallel-In, Serial-Out Shift Register (Common Serial I/O Pin) 4-548

54F/74F675A16-Bit Serial-ln, Serial/Parallel-Out Shift Register 4-550

54F/74F67616-Bit Serial/Parallel-ln, Serial-Out Shift Register 4-554

54F/74F701 Register/Counter/Comparator 4-558

54F/74F702 Read-Back Transceiver 4-560

54F/74F707 400 MHz 8-Bit TTL-ECL Register 4-562

54F/74F710 400 MHz Single Supply TTL-ECL Shift Register 4-564

54F/74F779 8-Bit Bidirectional Binary Counter w/TRI-STATE Outputs 4-566

54F/74F821 10-Bit D-Type Flip-Flop 4-568

54F/74F823 9-Bit D-Type Flip-Flop 4-572

54F/74F825 8-Bit D-Type Flip-Flop 4-576

54F/74F827 10-Bit Buffer/Line Driver 4-580
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54F/74F828 10-Bit Buffer/Line Driver 4-580

54F/74F841 10-Bit Transparent Latch 4-585

54F/74F843 9-Bit Transparent Latch 4-589

54F/74F845 8-Bit Transparent Latch 4-593

54F/74F968 1 Megabit Dynamic RAM Controller 4-598

54F/74F978 Octal Flip-Flop w/Serial Scanner 4-610

29F52 8-Bit Registered Transceiver 4-611

29F53 8-Bit Registered Transceiver 4-611

29F68 Dynamic RAM Controller 4-617

29F524 Dual Pipeline Register (7 Deep) 4-628

29F525 Dual Pipeline Register (8 Deep) 4-628
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National
Semiconductor

54F/74F00

Quad 2-lnput NAND Gate

Ordering Code: see section 5

Logic Symbol Connection Diagrams

IEEE/IEC

5-
i ^^

A2——

B2—

A3—

&

Pin Assignment

forDIP,SOICandFlatpak

•03

TL/F/9454-3 TL/F/9454-2

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

An,Bn

On

Description

Inputs

Outputs

54F/74F

U.L

HIGH/LOW

1.0/1.0

50/33.3

Input I|h/Iil

Output Ioh/Iol

20 juA/-0.6 mA

-1 mA/20mA

Pin Assignment

forLCCandPCC

Bt NC A, NC 60

[E S E [U B

A3 NC 52 NC B2

TL/F/9454-1
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature —65°C to +150°C

Ambient Temperature under Bias - 55°C to +125°C

Junction Temperature under Bias - 55°C to +175°C

Vcc Pin Potential to

Ground Pin -0.5V to + 7.0V

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

-0.5V to + 7.0V

- 30 mA to + 5.0 mA

Input Voltage (Note 2)

Input Current (Note 2)

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to Vcc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

llH

■bvi

IlL

los

'CEX

ICCH

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

Min

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-150

250

1.9 2.8

6.8 10.2

Units

V

V

V

V

V

/*A

MA

mA

mA

,*A

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N =

•oh =

IOH =

'oh =

IOL =

IOL =

V|N =

V|N =

V|N =

VOUT

VOUT

vo =

vo =

-18mA

-1 mA

-1mA

-1 mA

20 mA

20 mA

2.7V

7.0V

0.5V

= 0V

= vcc

HIGH

LOW
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§
AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL = SO pF

Mln Typ Max

54F

CL = 50 pF

Mln Max

74F

a. VCc = Com

CL = 50 pF
Units

Fig

No

Mln Max

tpLH Propagation Delay

An,BntoQn

2.4

1.5

3.7

3.2

5.0

4.3

2.0

1.5

7.0

6.5

2.4

1.5

6.0

5.3
ns 2-3
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National
Semiconductor

54F/74F02

Quad 2-lnput NOR Gate

Ordering Code: see section 5

Logic Symbol

A0—

B0—

Al—

Bi—

A2—

B2—

A3—

B3—

IEEE/IEC

— 5,

Connection Diagrams

Pin Assignment for

DIP, SOIC and Flatpak

Bo—
o,-i

GND^

J^

"Lh> i~

^B2

FL/F/9455-2

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

An,Bn

Description

Inputs

Outputs

54F/74F

U.L.

HIGH/LOW

i.0/1.0

50/33.3

Input I|H/I|l

Output Ioh/Iol

20 jxA/- 0.6 mA

-1 mA/20mA

Pin Assignment

for LCC and PCC

A1 NC 6, NC

in in m m

01 m oi Ezi mi

Q3 NC Aj NC Bj
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature -65°C to -I-150°C

Ambient Temperature under Bias - 55°C to +125°C

Junction Temperature under Bias - 55°C to +175°C

Vcc Pin Potential to

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

I nput Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with Vcc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto +125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

Ibvi

IlL

los

ICEX

'CCH

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% Vcc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

Min

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-150

250

3.7 5.6

8.7 13.0

Units

V

V

V

V

V

,iA

fiA

mA

mA

tiA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

hN =

IOH =

IOH =

bH =

«OL =

IOL =

V|N =

V|N =

V|N =

VOUT

V0UT

vo =

vo =

-18 mA

-1 mA

-1 mA

-1 mA

20 mA

20 mA

2.7V

7.0V

0.5V

= 0V

= vcc

HIGH

LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations
10

Symbol Parameter

74F

TA= +25°C

VCc = +5.0V

CL = 50 pF

Min Typ Max

54F

Ta» VCc = Mil

CL = 50 pF

Min Max

74F

Ta, VCc = Com

CL = 50 pF
Units

Fig
No

Min Max

tpi_H Propagation Delay

An,BntoOn

2.5

1.5

4.4

3.2

5.5

4.3

2.5

1.5

7.5

6.5

2.5

1.5

6.5

5.3
ns 2-3
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National
Semiconductor

54F/74F04

Hex Inverter

Ordering Code: see section 5

Logic Symbol

IEEE/IEC

Connection Diagrams

Ao

A1

A2—

A3—
A4—

A5—

1

Pin Assignment for

DIP, SOIC and Flatpak

•03

-64

TL/F/9456-3

A2-

GND-

VCC

TL/F/9456-2

Unit Loading/Fan Ollt: See Section 2 for U.L definitions

Pin Names

An

On

Description

Inputs

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

50/33.3

Input I|H/Iil

Output Ioh/'ol

20 fiA/-0.6 mA

-1 mA/20mA

Pin Assignment

for LCC and PCC

A2 NC 61 NC A1

[E [3 E H] H

64 NC A4 NC O3

TL/F/9456-1
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c«aA!»A«wft»»»Ta«.M«h.Ni
Distributors for availability and specifications. Mlrta^y TemPerature _55OC tQ +^
Storage Temperature - 65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to Vcc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

'bvi

IlL

los

'CEX

'CCH

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F5%VCC

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

2.8 4.2

10.2 15.3

Units

V

V

V

V

V

pA

^A

mA

mA

/iA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'lN = -18 mA

Ioh = -1 mA

IOh= -1mA

Ioh = -1 mA

Iol = 20 mA

lOL = 20mA

V,N = 2.7V

V,N = 7.0V

V|N = 0.5V

VouT = 0V

VOUT = Vcc

Vo = HIGH

V0 = LOW
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s
AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

54F

CL = 50 pF

Min Max

74F

Ta, VCc = Com

CL = 50 pF
Units

Fig

No

Min Max

Propagation Delay

An to On

2.4

1.5

3.7

3.2

5.0

4.3

2.0

1.5

7.0

6.5

2.4

1.5

6.0

5.3
2-3
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National
Semiconductor

54F/74F08

Quad 2-lnput AND Gate

S

Ordering Code: see section 5

Logic Symbol Connection Diagrams

Ao—

B0—

Al

ii,—

A2—

B2—

A3—

B3—

IEEE/IEC

&

Pin Assignment

forDIP,SOICandFlatpak

\—°2

GND-

Unit Loading/Fail Out: See Section 2 for U.L definitions

Pin Names

An,Bn

Description

Inputs

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

50/33.3

Input Iih/Iil

Output Ioh/Iol

20 ftA/-0.6 mA

-1 mA/20mA

Pin Assignment

forLCCandPCC

B, NC ^ NC 00

H] E H] m (3

A3 NC O2 NC B2
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature -65°C to +150°C

Ambient Temperature under Bias - 55°C to +125°C

Junction Temperature under Bias - 55°C to +175°C

VCc Pin Potential to

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated \0L (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to +5.5V

Symbol

V|H

V|L

VCD

V0H

VOL

I|H

•bvi

IlL

los

ICEX

'CCH

'CCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

Mln

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-150

250

5.5 8.3

8.6 12.9

Units

V

V

V

V

V

fiA

liA

mA

mA

/xA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

hN =

■oh =

"OH =

IOH =

IOL =

"OL =

V|N =

V|N =

V|N =

VOUT

VOUT

vo =

vo =

-18 mA

-1 mA

-1 mA

-1mA

20 mA

20 mA

2.7V

7.0V

0.5V

= 0V

= vcc

HIGH

LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations
S

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL=50pF

Min Typ Max

54F

CL = 50 pF

Max

74F

CL = 50pF
Units

Fig

No

Max

tPLH Propagation Delay

An, Bn to On

3.0

2.5

4.2

4.0

5.6

5.3

2.5

2.0

7.5

7.5

3.0

2.5

6.6

6.3
ns 2-3
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National
Semiconductor

54F/74F10

Triple 3-lnput NAND Gate

Ordering Code: see section 5

Logic Symbol

IEEE/IEC

Connection Diagrams

A<>

Bo

c0—

At—

B1_

Ci—

"2""—

B2_

c2—

&

Pin Assignment for

DIP, SOIC and Flatpak

-5,

TL/F/9458-3

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

An, Bn, Cn

Description

Inputs

Outputs

54F/74F

U.L

HIGH/LOW

1.0/1.0

50/33.3

Input I|H/I|L

Output Ioh/Iol

20 jliA/-0.6 mA

-1 mA/20mA

Pin Assignment

for LCC and PCC

ED eh m ini m

B2 NC A2 NC 00
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ Ajr Ambjent Temperature

Distributors for availability and specifications. Military -55°C to + 125°C

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°Cto + 175°C Military +4.5Vto + 5.5V

VCC Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) —30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to Vqc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

'bvi

IlL

los

ICEX

'CCH

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F5%VCC

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

1.4 2.1

5.1 7.7

Units

V

V

V

V

V

jxA

^A

mA

mA

pA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = —18 mA

IIIIII IIIIIIIol = 20 mA

Iol = 20 mA

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 0V

VOUT = Vcc

Vo = HIGH

Vo = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA = +25°C

VCc = +5.0V

CL = 50 pF

Typ Max

54F

CL = 50 pF

Min Max

74F

a, VCc = Com

CL = 50 pF
Units

Fig

No

Min Max

tPLH

tpHL

Propagation Delay

An,Bn,CntoOn

2.4

1.5

3.7

3.2

5.0

4.3

2.0

1.5

7.0

6.5

2.4

1.5

6.0

5.3
ns 2-3
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National

Semiconductor

54F/74F11

Triple 3-lnput AND Gate

Ordering Code: see section 5

Logic Symbol

IEEE/IEC

:=

Bi—

A2—

B2 —

c2 —

&

— °o

_o2

Connection Diagrams

Pin Assignment for

DIP, SOIC and Flatpak

GND-

Pin Assignment

for LCC and PCC

C1 NC Bt NC A1

(Um H] GO H

0 on eu mi eu

B2 NC Aj NC 00

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

An, Bn, Cn

On

Description

Inputs

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

50/33.3

Input I|H/Iil

Output Ioh/Iol

20 fiA/- 0.6 mA

-1 mA/20mA

4-21



Absolute Maximum Ratings (NoteD Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ -^ Alr A™w*«rtT*«.—«#..«*■

Dtetrtbutors for avaHabHKy and ^HKHflcatom, *mZ* ^ '™ -arc to +1arc
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias -55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with Vcc = 0V)

Standard Output -0.5V to VCc

TRI-STATE* Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOL (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

llH

Ibvi

IlL

bs

ICEX

'CCH

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% Vcc

Voltage 74F10%Vcc

74F5%Vcc

Output LOW 54F10% Vcc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

4.1 6.2

6.5 9.7

Units

V

V

V

V

V

,*A

pA

mA

mA

fxA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

IOh= -1mA

IOh= -1mA

'OH = ~1 mA

Iql = 20 mA

Iol = 20 mA

V,N = 2.7V

V,N = 7.0V

V|N = 0.5V

V0UT = 0V

VOUT = Vcc

Vo = HIGH

Vo = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

54F

CL = 50pF

Mln Max

74F

Ta» VCc = Com

CL = 50 pF
Units

Fig

No

Min Max

tpi_H

tpHL

Propagation Delay

An>Bn,CntoOn

3.0

2.5

4.2

4.1

5.6

5.5

2.5

2.0

7.5

7.5

3.0

2.5

6.6

6.5
2-3

4-23



National
Semiconductor

54F/74F13

Dual 4-lnput NAND Schmitt Trigger

General Description
The 'F13 contains two 4-input NAND gates which accept

standard TTL input signals and provide standard TTL output

levels. They are capable of transforming slowly changing

input signals into sharply defined, jitter-free output signals.

In addition, they have a greater noise margin than conven

tional NAND gates.

Each circuit contains a 4-input Schmitt trigger followed by

level shifting circuitry and a standard FAST® output struc

ture. The Schmitt trigger uses positive feedback to effective

ly speed-up slow input transitions, and provide different in

put threshold voltages for positive- and negative-going tran

sitions. This hysteresis between the positive-going and neg

ative-going input threshold (typically 800 mV) is determined

by resistor ratios and is essentially insensitive to tempera

ture and supply voltage variations.

Ordering Code: see section 5

Logic Symbol

IEEE/IEC

Connection Diagrams

Br

C1 1

Pin Assignment

forDIP.SOICandFlatpak

Pin Assignment

for LCC and PCC

DqNCCoNCNC

GO lz] H] GO GD

EH m m 03 EDi

q NC NC NC B,

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

An,Bn,Cn,Dn

Description

Inputs

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

50/33.3

Input I,h/I|l

Output Ioh/'ol

20 juA/- 0.6 mA

-1 mA/20mA

Function Table

A

L

X

X

X

H

Inputs

B

X

L

X

X

H

C

X

X

L

X

H

D

X

X

X

L

H

Output

O

H

H

H

H

L

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c^AVAmki^T^^^

D.str,bu»ors for ava..ab...,y and specifications. t?" ^^ -55'C,o + 125-C
Storage Temperature - 65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCC Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

vT+

vT-

avt

VCD

VOH

V0L

I|H

'bvi

IlL

los

ICEX

'CCH

'CCL

Parameter

Positive-Going Threshold

Negative-Going Threshold

Hysteresis (VT+-VT-)

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

1.5 2.0

0.7 1.1

0.4 —

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

4.5 8.5

7.0 10.0

Units

V

V

V

V

V

V

JLiA

mA

mA

f*A

mA

mA

vCc

5.0

5.0

5.0

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

I|N = -18 mA

Ioh = -1 mA

Iqh = -1 mA

•oh = ~1 mA

Iql = 20 mA

Iol = 20 mA

VIN = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 0V

Vout = Vcc

Vo = HIGH

Vo = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

54F

CL = 50 pF

Min Max

74F

CL = 50pF
Units

Fig

No

Min Max

tpHL

Propagation Delay

An,Bn,Cn>DntoOn

5.0

9.5

10.5

17.5

3.0

8.5

16.0

22.0

4.5

9.5

12.0

18.5
ns 2-3
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Semiconductor

54F/74F14

Hex Inverter Schmitt Trigger

General Description
The 'F14 contains six logic inverters which accept standard

TTL input signals and provide standard TTL output levels.

They are capable of transforming slowly changing input sig

nals into sharply defined, jitter-free output signals. In addi

tion, they have a greater noise margin than conventional

inverters.

Each circuit contains a Schmitt trigger followed by a Darling

ton level shifter and a phase splitter driving a TTL totem-

pole output. The Schmitt trigger uses positive feed back to

effectively speed-up slow input transition, and provide differ

ent input threshold voltages for positive and negative-going

transitions. This hysteresis between the positive-going and

negative-going input thresholds (typically 800 mV) is deter

mined internally by resistor ratios and is essentially insensi

tive to temperature and supply voltage variations.

Ordering Code: see section 5

Logic Symbol

IEEE/IEC

'0—

il

ia

U—

'5—

JT 1

JT

JT

B

JT

£

-60

-61

-03

-04

-65

Connection Diagrams

Pin Assignment

DIP,SOICandFlatpak

H
°2 7

GND—

64

Pin Assignment

for LCC and PCC

l2 NC 01 NC I,

in [3 m m h

01 m onm m

04 NC l4 NC 65

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

In

On

Description

Input

Output

54F/74F

U.L.

HIGH/LOW

1.0/1.0

50/33.3

Input I|H/Iil

Output Ioh/'ol

20 jllA/-0.6 mA

-1 mA/20mA

Function Table

Input

A

L

H

Output

O

H

L

H = HIGH Voltage Level

L = LOW Voltage Level
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature -65°C to +150°C

Ambient Temperature under Bias - 55°C to +125°C

Junction Temperature under Bias - 55°C to +175°C

VCc Pin Potential to

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to Vqc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated Iql (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

Symbol

VT+

vT-

AVT

VCD

VOH

V0L

I|H

IlL

>BVI

los

•CEX

'CCH

'CCL

Parameter

Positive-Going Threshold

Negative-Going Threshold

Hysteresis (VT+-VT_)

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input LOW Current

Input HIGH Current

Breakdown Test

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

Mln

1.5

0.7

0.4

2.5

2.5

2.7

-60

54F/74F

Typ

1.7

0.9

0.8

Max

2.0

1.1

-1.2

0.5

0.5

20

-0.6

100

-150

250

25

25

Units

V

V

V

V

V

V

jaA

mA

/*A

mA

/xA

mA

mA

vCc

5.0V

5.0V

5.0V

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

I|N =

IOH =

IOH =

>OH =

IOL =

"OL =

V|N =

V|N =

V|N =

VOUT

VOUT

vo =

vo =

-18 mA

-1 mA

-1 mA

-1 mA

20 mA

20 mA

2.7V

0.5V

7.0V

= 0V

= VCC

HIGH

LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Mm Max

54F

CL = 50 pF

Min Max

74F

Ta. VCc = Com

CL = 50 pF
Units

Fig

No

Mln Max

Propagation Delay

tpHL

4.0

3.5

10.5

8.5

4.0

3.5

14.0

10.0

4.0

3.5

11.5

9.0
ns 2-3
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Semiconductor

54F/74F20

Dual 4-lnput NAND Gate

Ordering Code: see section 5

Logic Symbol

IEEE/IEC

Connection Diagrams

Co—

Pin Assignment

for DIP, SOIC and Flatpak

TL/F/9462-2

TL/F/9462-3

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

An, Bn, Cn, Dn

On

Description

Inputs

Outputs

54F/74F

U.L

HIGH/LOW

1.0/1.0

50/33.3

Input I,h/Iil

Output Ioh/Iol

20 fiA/-0.6 mA

-1 mA/20mA

Pin Assignment

for LCC and PCC

Dq NC Cq NC NC

m 0 go m in

o mi m E3 mi

Cj NC KC NC B,

TL/F/9462-1
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ Free Air Ambient Temperature
Distributors for availability and specifications. Mj|jtary K _55oC t0 + 125oC

Storage Temperature —65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias -55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCC Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to +7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

I|H

Ibvi

IlL

los

ICEX

'CCH

>CCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F5%VCc

Output LOW 54F10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

0.9 1.4

3.4 5.1

Units

V

V

V

V

V

M.A

fiA

mA

mA

^A

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

IOH=-1mA

•oh = ~1 mA
Iqh^ -1mA

Iol = 20 mA

Iol = 20 mA

V,N - 2.7V

V|N = 7.0V

V|N = 0.5V

Vqut = 0V

Vout « Vcc

VO = HIGH

V0 = LOW

AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpLH

tPHL

Parameter

Propagation Delay

An,Bn,CntDntoOn

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

Min Typ Max

2.4 3.7 5.0

1.5 3.2 4.3

54F

TA,Vcc = MH

CL = 50pF

Mln Max

2.0 7.0

1.5 6.5

74F

Ta. Vcc = Com

CL = 50 pF

Mln Max

2.4 6.0

1.5 5.3

Units

ns

Fig

No

2-3

4-31



National
Semiconductor

54F/74F27

Triple 3-lnput NOR Gate

Ordering Code: see section 5

Logic Symbol Connection Diagrams

At—

Bi—
C1—

A2—
B2—

c2—

A3—
B3—
C3—

IEEE/IEC Pin Assignment for

DIP, SOIC and Flatpak

-6,

63

Pin Assignment

for LCC and PCC

A, NC B, NC Ct

E S m GO GO

TL/F/9539-2
B3 NC A3 NC 02

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

An, Bn, Cn

On

Description

Data Inputs

Data Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

50/33.3

Input I|H/I|L

Output Ioh/Iol

20 jaA/ -0.6 mA

-1 mA/20mA

Function Table

An

L

X

X

H

Inputs

Bn

L

X

H

X

Cn

L

H

X

X

Output

On

H

L

L

L

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature —65°C to +150°C

Ambient Temperature under Bias — 55°C to +125°C

Junction Temperature under Bias - 55°C to +175°C

VCc Pin Potential to

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output

TRI-STATE® Output

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

-0.5VtoVCc
-0.5V to + 5.5V

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

■bvi

IlL

"OS

•CEX

ICCH

'CCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

Mln

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-150

250

4.0 5.5

8.7 12.0

Units

V

V

V

V

V

fiA

txA

mA

mA

fiA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

hN =

Ioh =

Ioh =

•oh =

IOL =

IOL =

V|N =

V|N =

V|N =

VOUT

VOUT

vo =

vo =

-18 mA

-1 mA

-1 mA

-1 mA

20 mA

20 mA

2.7V

7.0V

0.5V

= 0V

= vcc

HIGH

LOW

i
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

54F

CL = 50pF

Min Max

74F

TA» Vcc = Com

CL = 50 pF
Units

Fig

No

Min Max

Propagation Delay

tpHL

2.0

1.0

3.8

2.6

6.0

4.0

1.5

1.0

6.5

4.5
ns 2-3
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Semiconductor

54F/74F30

8-lnput NAND Gate

Ordering Code: see section 5

Logic Symbol Connection Diagrams

IEEE/IEC

V

A2—

A3—

Pin Assignment

forDIP,FlatpakandSOIC

v-y

Pin Assignment

for LCC and PCC

At NC Aj, NC A3

GO El QD DEI H

6NDIH

NCQ31

NC03

NC NC A7 NC Ag

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

A0-A7

0

Description

Inputs

Output

54F/74F

U.L.

HIGH/LOW

1.0/1.0

50/33.3

Input I|H/I|l

Output Ioh/Iol

20 jutA/ -0.6 mA

-1 mA/20mA

Function Table

A0

L

X

X

X

X

X

X

X

H

A1

X

L

X

X

X

X

X

X

H

A2

X

X

L

X

X

X

X

X

H

Inputs

A3

X

X

X

L

X

X

X

X

H

A4

X

X

X

X

L

X

X

X

H

A5

X

X

X

X

X

L

X

X

H

A6

X

X

X

X

X

X

L

X

H

A7

X

X

X

X

X

X

X

L

H

Output

O

H

H

H

H

H

H

H

H

L

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ - AJr AmhiflntTflmnerfltlirfl

Distributors for availability and specifications. thlitery P _55oC t0 + 125oC
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias — 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

Vqc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with Vcc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOL (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

llH

>bvi

IlL

los

'CEX

ICCH

'CCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F10% Vcc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

0.5 1.5

4.5

Units

V

V

V

V

V

jiA

/iA

mA

mA

,iA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

•in = -18 mA

IOh= "1mA

Ioh = -1 mA

IOh= -1mA

Iql = 20 mA

Iol = 20 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 0V

VOUT = Vcc

Vo = HIGH

Vo = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

Cl = 50PF

Min Typ Max

54F

CL = 50 pF

Min Max

74F

Ta. VCc = Com

CL=50PF
Unite

Fig

No

Max

tpi_H

tpHL

Propagation Delay

An toO

1.0

1.5

3.7

2.8

5.0

5.0

1.0

1.5

5.5

5.5
ns 2-3
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54F/74F32

Quad 2-lnput OR Gate

Ordering Code: see section 5

Logic Symbol

IEEE/IEC

Connection Diagrams

i-
Ai—

Bi—
A2—

B2—

A3—

Pin Assignment for

DIP,SOICandFlatpak

_o2

V-/ 14
VCC

-o2

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

An,Bn

On

Description

Inputs

Outputs

54F/74F

U.L

HIGH/LOW

1.0/1.0

50/33.3

Input I,h/Iil

Output lOH/loL

20 jaA/-0.6 mA

-1 mA/20mA

Pin Assignment

forLCCandPCC

B, KC Aj NC 0^

H] [3 DU GO E

A3 NC 02 NC B2
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature -65°C to +150°C

Ambient Temperature under Bias - 55°C to +125°C

Junction Temperature under Bias — 55°C to +175°C

Vcc Pin Potential to

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+4.5V to + 5.5V

+ 4.5V to + 5.5V

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

•bvi

IlL

"OS

ICEX

I<XH

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% Vcc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

Min

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-150

250

6.1 9.2

10.3 15.5

Units

V

V

V

V

V

pA

,*A

mA

mA

jaA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N =

»OH =

"OH =

Ioh =

IOL =

"OL =

V|N =

V|N =

V|N =

VOUT

VOUT

vo =

vo =

-18 mA

-1 mA

-1 mA

-1 mA

20 mA

20 mA

2.7V

7.0V

0.5V

= 0V

= vcc

HIGH

LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configuration

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

Min Typ Max

54F

CL = 50pF

Mln Max

74F

a, VCc = Com

CL = 50 pF
Units

Fig

No

Min Max

tpi_H

tpHL

Propagation Delay

An,BntoOn

3.0

3.0

4.2

4.0

5.6

5.3

3.0

2.5

7.5

7.5

3.0

3.0

6.6

6.3
2-3
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Semiconductor

54F/74F37

Quad Two-Input NAND Buffer

Ordering Code: see section 5

Logic Symbol Connection Diagrams

Ao—

B0—

Ai—

Bi—

A2—
B2—

A3—

B3—

IEEE/IEC

&>

Pin Assignment

forDIP.SOICandFlatpak

Pin Assignment

for LCC and PCC

B, NC At NC 60

111 0 BD HI El

A3 NC 02 NC Bj

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

An,Bn

On

Description

Inputs

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

600/106.6(80)

Input I|H/I|l

Output Ioh/Iol

20 jmA/-1.2 mA

-12mA/64mA(48mA)

Function Table

Inputs

A

L

L

H

H

B

L

H

L

H

Output

O

H

H

H

L

H = HIGH Voltage Level

L = LOW Voltage Level
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Absolute Maximum Ratings (Note d Recommended Operating
It Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ cw^AirAmw^T^^^,*

Distributors for avaliabiilty and specifications. ^ ' -55'C to +125'C
Storage Temperature -658C to +150°C Commercial 0°C to + 70*C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with Vcc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated Iol (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

•bvi

IlL

los

'CEX

ICCH

•CCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F 5% Vcc

74F5%Vcc

Output LOW 54F 10% Vcc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.4

2.0

2.4

2.0

2.7

2.0

0.55

0.55

20

100

-1.2

-100 -225

250

3.7 6.0

28.0 33.0

Units

V

V

V

V

V

,iA

,xA

mA

mA

,*A

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

llN = -18 mA

IOh = -3mA

IOh= -12 mA

Iqh = "3 mA

IOh= -12 mA

IOh= "3 mA

IOh= -15 mA

IOL = 48 mA

Iol = 64 mA

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 0V

VouT = Vcc

V0 = HIGH

V0 = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

Typ Max

54F

CL = 50 pF

Min Max

74F

= 50 pF
Units

Fig

No

Max

Propagation Delay

An, Bn to On

2.0

1.5

3.2

2.4

5.5

4.5

1.5

1.0

6.5

5.0
2-3
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Semiconductor

54F/74F38

Quad Two-Input NAND Buffer

(Open Collector)

Ordering Code: see section 5

Logic Symbol Connection Diagrams

An—

BO—

Ai—

Bt—

A2—

B2—

A3—

B3—

IEEE/IEC
Pin Assignment

forDIP,SOICandFlatpak

•03

TL/F/9465-1

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

An,Bn

9n

Description

Inputs

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

OC*/106.6(80)

Input I|H/I|l

Output Ioh/Iol

20 fiA/- 1.2 mA

OCV64 mA (48 mA)

•OC = Open Collector

Function Table

A

L

L

H

H

Inputs

B

L

H

L

H

Output

O

H

H

H

L

H = HIGH Voltage Level

L = LOW Voltage Level

Pin Assignment

for LCC and PCC

B1 NC At NC 60

QD LH [E GO 13

A3 NC 02 NC B2
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Absolute Maximum Ratings (Note D Recommended Operating

If Military/Aerospace specified devices are required, COPIdit10VIS
contact the NationalI ^Semiconductor Sales Office/ jf b|ent T erature

Distributors for availability and specifications. Mj|jtary K _55oC tQ + 125oC

Storage Temperature -65°Cto+150°C Commercial 0°Cto-l-70oC

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

VOL

I|H

■bvi

IlL

'OHC

'CCH

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Open Collector, Output

OFF Leakage Test

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

0.50

0.50

20

100

-1.2

250

2.1 7.0

26.0 30.0

Units

V

V

V

V

p,A

,A

mA

,A

mA

mA

vCc

Min

Min

Max

Max

Max

Min

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'lN = -18 mA

•ol = 20 mA

Iol = 20 mA

V,N = 2.7V

V|N = 7.0V

V,N = 0.5V

VOUT = Vcc

Vo = HIGH

Vo = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc = + 5.0V

CL = 50pF

Min Typ Max

54F

CL = 50 pF

Min Max

74F

Ta» VCc = Com

CL = 50 pF
Units

Fig

No

Min Max

tpHL

Propagation Delay

An,BntoGn

6.5

1.0

9.7

2.1

12.5

5.0

6.5

1.0

14.5

5.5

6.5

1.0

13.0

5.5
2-3
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Semiconductor

54F/74F40

Dual 4-lnput NAND Buffer

PRELIMINARY

Ordering Code: see section 5

Logic Symbol Connection Diagrams

Ao—

Ai—

C1

Di—

IEEE/IEC

&>

Pin Assignment

forDIP,SOICandFlatpak

.ot

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

An, Bn, Cn, Dn

Description

Inputs

Outputs

54F/74F

U.L

HIGH/LOW

1.0/2.0

600/106.6(80)

Input I|H/I|L

Output loH^'OL

20 jaA/- 1.2 mA

-12mA/64mA(48mA)

Function Table

A

L

X

X

X

H

B

X

L

X

X

H

Inputs

C

X

X

L

X

H

D

X

X

X

L

H

Output

O

H

H

H

H

L

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Pin Assignment

for LCC and PCC

Do NC Cq NC NC

QD Lz] d] GO 0

C| NC KC KC Bt
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c«fl*irA-,wJTfl-,M^,«'

Distributors for avai.abl.ity and specifications. *ZZ ' -55'Cto+125'C
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°Cto +175°C Military +4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) - 0.5V to + 7.0V

Input Current (Note 2) -30mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VGc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE® Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

Vol.

I|H

Ibvi

IlL

los

•CEX

'CCH

'CCL

Parameter

Input HIGH Voltage

Input LOWVoltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F 5% VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.4

2.0

2.4

2.0

2.7

2.0

0.55

0.55

20

100

-1.2

-100 -225

250

1.6 4.0

13.0 17.0

Units

V

V

V

V

V

pA

mA

mA

^A

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

Ioh = ~3 mA
IOh= -12 mA

IOh= -3 mA

Ioh = -12 mA

•oh = -3 mA

Ioh = -15 mA

lOL = 48mA

Iol = 64 mA

V|N = 2.7V

V,N = 7.0V

V|N = 0.5V

Vqut = 0V

VOUT = Vcc

Vo = HIGH

Vo = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA = +25°C

VCc= +5.0V

CL = 50 pF

Mln Typ Max

54F

CL = 50 pF

Mln Max

74F

Ta» vCC = Com

CL= 50 pF
Unite

Fig

No

Max

tPLH

*PHL

Propagation Delay

An,Bn,Cn,DntoOn

2.0

1.5

3.0

2.5 5.0

1.5

1.0

7.0

5.5
2-3
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Semiconductor

54F/74F51

2-2-2-3 AND-OR-lnvert Gate

Ordering Code: see section 5

Logic Symbol Connection Diagrams

IEEE/IEC

Co—

Ci—

Dt—

&

&

k

k

S: 1

2£ 1

Pin Assignment

for DIP, SOIC and Flatpak

Pin Assignment

for LCC and PCC

D, NC Ct NC Bt

IH

E3] EH EU Ezi m

Eq NC Fo NC Bo

TL/F/9468-4

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

An,Bn,Cn,Dn,En,Fn

On

Description

Inputs

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

50/33.3

Input I,h/I|l

Output Iqh/Iol

20 jutA/-0.6 mA

-1mA/20mA

Function Table for 3-lnput Gates Function Table for 2-lnput Gates

Ao

H

X

Bo

H

X

Inputs

C0 D0

H X

X H

All other combinations

Eo

X

H

Fo

X

H

Output

Oo

L

L

H

Ai

H

X

Inputs

Bi O\

H X

X H

All other combinations

Di

X

H

Output

Oi

L

L

H

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ Temperature

Distributors for availability and specifications. Military -55°Cto+125°C

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to V<x

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

'bvi

IlL

los

'CEX

ICCH

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F5%Vcc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

1.9 3.0

5.3 8.5

Units

V

V

V

V

V

fiA

/iA

mA

mA

^A

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = —18 mA

IOh= -1 mA

Ioh = -1 mA

Ioh = -1 mA

Iol = 20 mA

Iol = 20 mA

V,N = 2.7V

V|N = 7.0V

V,N = 0.5V

VouT = 0V

Vout = Vcc

Vo = HIGH

Vo = LOW

OI
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA = +25°C

VCc = +5.0V

CL = 50pF

Min Typ Max

54F

CL = 50 pF

Min Max

74F

TA» Vcc = Comm

CL = 50 pF
Units

Fig

No

Min Max

tpi_H Propagation Delay

An,Bn,Cn>Dn,EniFntoOn

2.0

1.0

3.7

2.6

6.0

4.0

1.5

1.0

6.5

4.5
ns 2-3
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Semiconductor

54F/74F64

4-2-3-2-lnput AND-OR-lnvert Gate

2

Ordering Code: see section 5

Logic Symbol Connection Diagrams

IEEE/IEC

A2-

B2-

V

V
B,-

&

&

&

k

>1

Pin Assignment for

DIP, SOIC and Flatpak

Unit Loading/Fan Ollt: See Section 2 for U.L definitions

Pin Names

An> Bn, Cn> Dn

0

Description

Inputs

Output

54F/74F

U.L.

HIGH/LOW

1.0/1.0

50/33.3

Input I,h/Iil

Output Iqh/Iol

20 juiA/-0.6 mA

-1 mA/20mA

Pin Assignment

forLCCandPCC

BtNC At NC B2

H3 [7} m [5] E]
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ Praa Air AmWfintTflfflnarflhirfl
Distributor, for availability and specHlcatlons. Fre^r Ambient Temperature _^^^

Storage Temperature -65°C to + 15CTC Commercial 0«C to + 70'C

Ambient Temperature under Bias -55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with Vcc = 0V)

Standard Output -0.5V to Vcc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOL (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit Is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

llH

>BVI

IlL

los

ICEX

•CCH

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%Vcc

Voltage 74F10%Vcc

74F5%Vcc

Output LOW 54F 10% Vcc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

1.9 2.8

3.1 4.7

Units

V

V

V

V

V

MA

,iA

mA

mA

,*A

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

llN = -18 mA

IOh= -1mA

IOh= -1mA

Ioh = -1 mA

Iol = 20 mA

Id = 20 mA

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V

Vqut = 0V

VOUT = Vcc

Vo = HIGH

Vo = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations
2

Symbol Parameter

74F

TA= +25°C

VCc = +50V

CL = 50pF

MIn Typ Max

54F

CL = 50 pF

Min Max

74F

Ta, VCc = Com

CL = 50 pF
Units

Fig

No

Min Max

tPHL

Propagation Delay

An,Bn,Cn,DntoO

2.5

1.5

4.6

3.2 4.5

2.5

1.5

8.5

6.5

2.5

1.5

7.5

5.5
ns 2-3
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Semiconductor

54F/74F74

Dual D-Type Positive Edge-Triggered Flip-Flop

General Description
The 'F74 is a dual D-type flip-flop with Direct Clear and Set

inputs and complementary (Q, Q) outputs. Information at the

input is transferred to the outputs on the positive edge of

the clock pulse. Clock triggering occurs at a voltage level of

the clock pulse and is not directly related to the transition

time of the positive-going pulse. After the Clock Pulse input

threshold voltage has been passed, the Data input is locked

out and information present will not be transferred to the

outputs until the next rising edge of the Clock Pulse input.

Asynchronous Inputs:

LOW input to SD sets Q to HIGH level

LOW input to CD sets Q to LOW level

Clear and Set are independent of clock

Simultaneous LOW onCo and Sp

makes both Q and Q HIGH

Ordering Code: see section 5

Logic Symbols

CPi

t

0,

CP2

IEEE/IEC

CP«<

CP2—

D2—
-Q2

Connection Diagrams

Pin Assignment

forDIP,SOIC,andFlatpak

1— —'r"2iftJ

Pin Assignment

forLCCandPCC

Qt NC Soj NC CP,

[E [3 d] [5] (Ti

Sm NC CP2 NC

TL/F/9469-2
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Unit Loading/Fail Out: See Section 2 for U.L definitions

Pin Names

CPi,CP2

Sdi.^D2 _

Description

Data Inputs

Clock Pulse Inputs (Active Rising Edge)

Direct Clear Inputs (Active LOW)

Direct Set Inputs (Active LOW)

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/3.0

1.0/3.0

50/33.3

Input I|H/Iil

Output Ioh/'ol

20 jaA/ -0.6 mA

20 juiA/-0.6 mA

20 jutA/- 1.8 mA

20 jaA/ -1.8 mA

-1 mA/20mA

Truth

sD

L

H

L

H

H

H

Table

Inputs

CD

H

L

L

H

H

H

CP

X

X

X

_s~

L

D

X

X

X

h

I

X

Outputs

Q

H

L

H

H

L

Qo

Q

L

H

H

L

H

Qo

H (h) = HIGH Voltage Level

L (I) = LOW Voltage Level

X = Immaterial

q0 = Previous Q (Q) before LOW-to-HIGH Clock Transition

Lower case letters indicate the state of the referenced input or output one

setup time prior to the LOW-to-HIGH clock transition.

TL/F/9469-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ -^ .. A .. , .,. ^ a# _
Distributors for availability and specifications. Fre^^rAmb-ent Temperature _^ +^

Storage Temperature -65°Cto+150°C Commercial 0°Cto+70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to Vcc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

>bvi

IlL

"OS

'CEX

ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F5%VCC

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage

Current

Power Supply Current

54F/74F

Mln Typ Max

2.0.

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-1.8

-60 -150

250

10.5 16.0

Units

V

V

V

V

V

HA

mA

mA

IxA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

•in = —18 mA

IIIIII III III
Iol = 20 mA

IOL = 20 mA

V,N = 2.7V

V,N = 7.0V

V|N = 0.5V

V|N = 0.5V

V0UT = 0V

Vout = Vcc
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tPLH

tpHL

tPLH

tpHL

Parameter

Maximum Clock Frequency

Propagation Delay

CPntoQnorQn

Propagation Delay

CDnorSDntoQnorQn

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

100 125

3.8 5.3 6.8

4.4 6.2 8.0

3.2 4.6 6.1

3.5 7.0 9.0

54F

Ta,vcc = mii

CL = 50pF

Min Max

80

3.8 8.5

4.4 10.5

3.2 8.0

3.5 11.5

74F

Ta. VCc = Com

CL = 50 pF

Mln Max

100

3.8 7.8

4.4 9.2

3.2 7.1

3.5 10.5

Units

MHz

ns

ns

Fig

No

2-1

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

tw(H)

tw(L)

tw(U

W

Parameter

Setup Time, HIGH or LOW

DntoCPn

Hold Time, HIGH or LOW

DntoCPn

CPn Pulse Width

HIGH or LOW

CDn or SDn Pulse Width

LOW

Recovery Time

^DnOrSDntoCP

74F

TA = +25°C

Vcc= +5.0V

Mln Max

2.0

3.0

1.0

1.0

4.0

5.0

4.0

2.0

54F

TA,Vcc = MII

Mln Max

3.0

4.0

2.0

2.0

4.0

6.0

4.0

3.0

74F

Ta» VCc = Com

Min Max

2.0

3.0

1.0

1.0

4.0

5.0

4.0

2.0

Units

ns

ns

ns

ns

Fig

No

2-6

2-4

2-4

2-6
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Semiconductor

54F/74F86

2-lnput Exclusive-OR Gate

Ordering Code: see section 5

Logic Symbol

IEEE/IEC

— °o

Connection Diagrams

Bo—

A,—

A2—

B2—

B3—

Pin Assignment for

DIP,SOICandFlatpak

— °2

— 03

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

An,Bn

Description

Inputs

Outputs

54F/74F

U.L

HIGH/LOW

1.0/1.0

50/33.3

Input I|H/Iil

Output Ioh/'ol

20 jutA/—0.6 mA

-1 mA/20mA

Pin Assignment

forLCCandPCC

NC A, NC 00

hi m m h

E3 Gl El 0 Ei

A3 NC 02 NC %
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c^ava^^t^^.^

Debitors ,or avaHab,my and spec.«ca«.ons. ^i^ TemPefatUre _«to + iaro
Storage Temperature - 65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc pjn Potential to Commercial + 4.5V to +5.5V

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) - 0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5VtoVCc
TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

I|H

Ibvi

IlL

los

ICEX

'CCH

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

12 18

18 28

Units

V

V

V

V

V

pA

mA

mA

MA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = —18 mA

'OH = ~1 mA

lOH = -1 mA

Ioh = -1 mA

Iol = 20 mA

Iql = 20 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 0V

VOUT = Vcc

Vo = HIGH

V0 = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

Mln Typ Max

54F

CL = 50pF

Mln Max

74F

CL = 50 pF
Units

Fig

No

Mln Max

tp|_H

tpHL

Propagation Delay

An, Bn to On

(Other Input LOW)

3.0

3.0

4.0

4.2

5.5

5.5

2.5

3.0

7.0

7.0

3.0

3.0

6.5

6.5 2-3

tpLH

tpHL

Propagation Delay

An, Bn to On

(Other Input HIGH)

3.5

3.0

5.3

4.7

7.0

6.5

3.5

3.0

8.5

8.0

3.5

3.0

8.0

7.5 2-3
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S

54F/74F109

Dual JK Positive Edge-Triggered Flip-Flop

General Description
The 'F109 consists of two high-speed, completely indepen- Asynchronous Inputs:

dent transition clocked JK flip-flops. The clocking operation LOW input to 3D sets Q to HIGH level
is independent of rise and fall times of the clock waveform. LOW input to CD sets Q to LOW level
The JK design allows operation as a D flip-flop (refer to 'F74 Clear and Set are independent of clock

data sheet) by connecting the J and R inputs. Simultaneous LOW on CD and §d makes both Q and Q
HIGH

Ordering Code: see section 5

Logic Symbols

CP,

IEEE/IEC

Ji—
ay

ay

—q2

Q2

Connection Diagrams

Pin Assignment

for DIP, SOIC and Flatpak

Pin Assignment

forLCCandPCC

CP,«

qi-?Hqi

GND-y

Sq2CP2NC K2 J2

TL/F/9471-2
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

J1.J2.K1.K2

CPi,CP2

(5di,Cd2

§D1.§D2
Qi,Q2.Qi.Q2

Description

Data Inputs

Clock Pulse Inputs (Active Rising Edge)

Direct Clear Inputs (Active LOW)

Direct Set Inputs (Active LOW)

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/3.0

1.0/3.0

50/33.3

Input I|H/Iil

Output Ioh/Iol

20 jaA/-0.6 mA

20/xA/-Q.6mA

20 pA/-1.8 mA

20 pA/-1.8 mA

-1 mA/20mA

Truth

sD

L

H

L

H

H

H

H

H

Table

cD

H

L

L

H

H

H

H

H

Inputs

CP

X

X

X

_s~

_y-

_/-

■-/*■

L

J

X

X

X

I

h

I

h

X

K

X

X

X

I

I

h

h

X

Outputs

Q Q

H L

L H

H H

L H

Toggle

Qo Qo
H L

Qo Qo

H (h) = HIGH Voltage Level

L (I) = LOW Voltage Level

_/- = LOW-to-HIGH Transition

X = Immaterial

Qo (Qo) = Before LOW-to-HIGH Transition of Clock

Lower case letters indicate the state of the referenced output one setup time

prior to the LOW-to-HIGH clock transition.

Logic Diagram (oneHait shown)

Q—

K—

J

CP ISo

Cn

1

X

_i

1 \^

? LJo—

TL/F/9471-

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature -65°C to +150°C

Ambient Temperature under Bias — 55°C to +125°C

Junction Temperature under Bias — 55°C to +175°C

VCc Pin Potential to

Ground Pin -0.5V to +7.0V

Input Voltage (Note 2) -0.5V to +7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to V<x

TRI-STATE® Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

•bvi

IlL

los

ICEX

ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Min

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-1.8

-150

250

11.7 17.0

Units

V

V

V

V

V

,*A

,tA

mA

mA

mA

,*A

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

hN =

IOH =

IOH =

•oh =

IOL =

IOL =

V|N =

V|N =

V|N =

V|N =

VOUT

VOUT

CP =

-18 mA

-1mA

-1 mA

-1 mA

20 mA

20 mA

2.7V

7.0V

0.5V(Jn,Kn)

0.5V(CDn,SDn)

= OV

= vcc

OV

s
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpLH

tPHL

Parameter

Maximum Clock Frequency

Propagation Delay

CPntoQnor5n

Propagation Delay

CDnorSDnto

QnorQn

74F

TA= +25°C

VCc= +5.0V

CL= 50 pF

Mln Typ Max

100 125

3.8 5.3 7.0

4.4 6.2 8.0

3.2 5.2 7.0

3.5 7.0 9.0

54F

Ta,vcc = mii

CL = 50 pF

Min Max

70

3.8 9.0

4.4 10.5

3.2 9.0

3.5 11.5

74F

TA. Vcc = Com

CL = 50 pF

Min Max

90

3.8 8.0

4.4 9.2

3.2 8.0

3.5 10.5

Units

MHz

ns

ns

Fig

No

2-1

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

tw(H)

tw(U

tw(D

tree

Parameter

Setup Time, HIGH or LOW

JnorKntoCPn

Hold Time, HIGH or LOW

JnorKntoCPn

CPn Pulse Width

HIGH or LOW

5DnorSDn Pulse Width,

LOW

Recovery Time

CDnorSDntoCP

74F

TA= +25°C

VCc= +5.0V

Min Max

3.0

3.0

1.0

1.0

4.0

5.0

4.0

2.0

54F

Ta,VCC = MII

Mln Max

3.0

4.0

1.0

1.0

4.0

5.0

4.0

2.0

74F

Ta, VCc = Com

Mln Max

3.0

3.0

1.0

1.0

4.0

5.0

4.0

2.0

Units

ns

ns

ns

ns

Fig

No

2-6

2-4

2-4
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National
Semiconductor

54F/74F112

Dual JK Negative Edge-Triggered Flip-Flop

General Description
The 'F112 contains two independent, high-speed JK flip-

flops with Direct Set and Clear inputs. Synchronous state

changes are initiated by the falling edge of the clock. Trig

gering occurs at a voltage level of the clock and is not di

rectly related to the transition time. The J and K inputs can

change when the clock is in either state without affecting

the flip-flop, provided that they are in the desired state dur

ing the recommended setup and hold times jrelative_ to the

falling edge of the clock. A LOW signal on Sq or Cp pre

vents clocking and forces Q or (5 HJGH, respectively. Simul

taneous LOW signals on §d and Co force both Q and Q
HIGH.

Asynchronous Inputs:

LOW input to SD sets Q to HIGH level

LOW input to CD sets Q to LOW level

Clear and Set are independent of clock

Simultaneous LOW on CD and SD makes both Q

and Q HIGH

Ordering Code: see section 5

Logic Symbols Connection Diagrams

Pin Assignment

for DIP, SOIC and Flatpak

J1 Qi

CP1

1 °D1 1

V

Ji—

CP,-*

_K2—

-0

TL/F/9472-3

IEEE/IEC

S

R

h

CP2

K2

SD2

C02

?

1

—Q2

Q2

Q2 0-

TL/F/9472

TL/F/9472-6

Pin Assignment for LCC

nc ^ Jt

vcc

;micD1
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

J1.J2.K1.K2

CPLCP2

cD1lcD2

SD1.SD2

Q1tQ2, Qi,Q2

Description

Data Inputs

Clock Pulse Inputs (Active Falling Edge)

Direct Clear Inputs (Active LOW)

Direct Set Inputs (Active LOW)

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/4.0

1.0/5.0

1.0/5.0

50/33.3

Input I,h/I|l

Output Ioh/'ol

20 jutA/-0.6mA

20 fxA/ -2.4 mA

20 jmA/- 3.0 mA

20 fiA/- 3.0 mA

-1 mA/20mA

Truth

sD

L

H

L

H

H

H

H

Table

Inputs

CD CP

H X

L X

L X

H -^

H ^

H ^\_

H "^

J

X

X

X

h

I

h

I

K

X

X

X

h

h

I

I

Outputs

Q

H

L

H

Q0
L

H

Qo

Q

L

H

H

Qo

H

L

Qo

H(h) = HIGH Voltage Level

L(l) = LOW Voltage Level

X = Immaterial

"\_ = HIGH-to-LOW Clock Transition

Qo(Qo) = Before HIGH-to-LOW Transition of Clock

Lower case letters indicate the state of the referenced input or output one

setup time prior to the HIGH-to-LOW clock transition.

Logic Diagram (oneHait shown)

TL/F/9472-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature -65°C to +150°C

Ambient Temperature under Bias - 55°C to +125°C

Junction Temperature under Bias — 55°C to +175°C

VCc Pin Potential to

Ground Pin -0.5V to + 7.0V

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

- 0.5V to + 7.0V

-30mAto+5.0mA

Input Voltage (Note 2)

Input Current (Note 2)

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

>IH

>bvi

IlL

los

ICEX

•CCH

•CCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%Vcc

74F5%VCc

Output LOW 54F10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

Mln

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-2.4

-3.0

-150

250

12 19

12 19

Units

V

V

V

V

V

ma

mA

mA

fiA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N =

•OH =

IOH =

Ioh =

IOL =

IOL =

V|N =

V|N =

V|N =

V|N =

V|N =

VOUT

VOUT

vo =

vo =

-18 mA

-1 mA

-1mA

-1 mA

20 mA

20 mA

2.7V

7.0V

0.5V(Jn,Kn)

0.5V (CPn)

0.5V(CDn,SDn)

= 0V

= vcc

HIGH

LOW
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CM

AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpi_H

tpHL

Parameter

Maximum Clock Frequency

Propagation Delay

CPntoQnorQn

Propagation Delay

CDn.SontoQn.Qn

74F

TA = +25°C

VCc= +5.0V

CL=50pF

Mln Typ Max

85 105

2.0 5.0 6.5

2.0 5.0 6.5

2.0 4.5 6.5

2.0 4.5 6.5

54F

Ta,VCc = MII

CL = 50 pF

Min Max

74F

Ta, Vqc = Com

CL = 50 pF

Min Max

80

2.0 7.5

2.0 7.5

2.0 7.5

2.0 7.5

Units

MHz

ns

ns

Fig

No

2-1

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(U

tw(H)

tw(U

tw(L)

tree

Parameter

Setup Time, HIGH or LOW

JnorKntoCPn

Hold Time, HIGH or LOW

JnorKntoCPn

CP Pulse Width

HIGH or LOW

Pulse Width, LOW

Cpn or Son

Recovery Time

sDn,cDntoep

74F

TA= +25°C

VCc= +5.0V

Mln Max

4.0

3.0

0

0

4.5

4.5

4.5

4.0

54F

Ta,vcc = mii

Mln Max

74F

TA,VCc = Com

Mln Max

5.0

3.5

0

0

5.0

5.0

5.0

5.0

Units

ns

ns

ns

ns

Fig

No

2-6

2-4

2-4

2-6
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National
Semiconductor

54F/74F113

Dual JK Negative Edge-Triggered Flip-Flop

General Description
The 'F113 offers individual J, K, Set and Clock inputs. When

the clock goes HIGH the inputs are enabled and data may

be entered. The logic level of the J and K inputs may be

changed when the clock pulse is HIGH and the flip-flop will

perform according to the Truth Table as long as minimum

setup and hold times are observed. Input data is transferred

to the outputs on the falling edge of the clock pulse.

Asynchronous input:

LOW input to SD sets Q to HIGH level

Set is independent of clock

Ordering Code: see section 5

Logic Symbols Connection Diagrams

IEEE/IEC

Pin Assignment for

DIP,SOICandFlatpak

Pin Assignment

for LCC and PCC

CPi

S02-

K2—

—Q2

GO 0 m GG El

NCK2

h Sdi o,

K, 0, 0-

—

-0

J2 s°

CP2

K2 Q2

Unit Loading/Fan Out: See Section 2 for U.L definitions

Kin Names

Jii J2« K-j. K2

CP1.CP2

§D1.SD2
QLQ2.Q1.Q2

Description

Data Inputs

Clock Pulse Inputs (Acitve Falling Edge)

Direct Set Inputs (Active LOW)

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/4.0

1.0/5.0

50/33.3

Input I,H/I|L

Output Ioh/Iol

20 ju,A/- 0.6 mA

20fjtA/-2.4mA

20 juA/- 3.0 mA

-1 mA/20mA
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CO

Truth

sD

L

H

H

H

H

Table

Inputs

CP

X

^_

~\-

J

X

h

1

h

1

K

X

h

h

1

1

Outputs

Q

H

Qo
L

H

Qo

Q

L

Qo
H

L

Qo

H(h) = HIGH Voltage Level

L(l) = LOW Voltage level

■\_ = HIGH-to-LOW Clock Transition

X = Immaterial

Qo (Qo) = Before HIGH-to-LOW Transition of
Clock

Lower case letters indicate the state of the referenced input or output prior

to the HIGH-to-LOW clock transition.

Logic Diagram (one Half shown)

TL/F/9473-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature - 65°C to +150°C

Ambient Temperature under Bias - 55°C to +125°C

Junction Temperature under Bias — 55°C to +175°C

Vcc Pin Potential to

Ground Pin

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

-0.5V to + 7.0V

- 0.5V to + 7.0V

-30mAto+5.0mA

Input Voltage (Note 2)

Input Current (Note 2)

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output —0.5V to Vcc

TRI-STATE® Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

Vol.

I|H

•bvi

IlL

'OZH

'OZL

los

ICEX

ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F5%VCC

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Min

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-2.4

-3.0

50

-50

-150

250

12 19

Units

V

V

V

V

V

MA

mA

juA

,iA

mA

,iA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N =

IOH =

•oh =

!OH =

IOL =

IOL =

V|N =

V|N =

V|N =

V|N =

V|N =

VOUT

VOUT

VOUT

VOUT

-18mA

-1mA

-1 mA

-1 mA

20 mA

20 mA

2.7V

7.0V

0.5V(Jn,Kn)

0.5V (CPn)

0.5V (SDn)

= 2.7V

= 0.5V

= OV

= vcc
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpi_H

*PHL

Parameter

Maximum Clock Frequency

Propagation Delay

CPntoQnorQn

Propagation Delay

SDntoQnorQn

74F

TA = +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

85 105

2.0 4.0 6.0

2.0 4.0 6.0

2.0 4.5 6.5

2.0 4.5 6.5

54F

TA,VCc = Mil

CL = 50 pF

Min Max

74F

Ta» VCc = Com

CL = 50 pF

Min Max

80

2.0 7.0

2.0 7.0

2.0 7.5

2.0 7.5

Units

MHz

ns

ns

Fig

No

2-1

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

tw(H)

tw(L)

tw(D

tree

Parameter

Setup Time, HIGH or LOW

JnorKntoCPn

Hold Time, HIGH or LOW

JnorKntoUPn

CPn Pulse Width

HIGH or LOW

§Dn Pulse Width, LOW

SDnto5Pn
Recovery Time

74F

TA= +25°C

VCc = +5.0V

Min Max

4.0

3.0

0

0

4.5

4.5

4.5

4.0

54F

TA,Vcc = MII

Min Max

74F

Ta» VCc = Com

Min Max

5.0

3.5

0

0

5.0

5.0

5.0

5.0

Units

ns

ns

ns

ns

Fig

No

2-6

2-4

2-4

2-6
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National
Semiconductor

54F/74F114

Dual JK Negative Edge-Triggered Flip-Flop

with Common Clocks and Clears

General Description
The 'F114 contains two high-speed JK flip-flops with com

mon Clock and Clear inputs. Synchronous state changes

are initiated by the falling edge of the clock. Triggering oc

curs at a voltage level of the clock and is not directly related

to the transition time. The J and K inputs can change when

the clock is in either state without affecting the flip-flop, pro

vided that they are in the desired state during the recom

mended setup and hold times relative to the falling edge of

the clock. A LOW signal on Sp or Cp prevents clocking and

forces Q_or Q HIGH, respectively. Simultaneous LOW sig

nals on Sp and Cp force both Q and Q HIGH.

Asynchronous Inputs:

LOW input to SD sets Q to HIGH level

LOW input to CD sets Q to LOW level

Clear and Set are independent of Clock

Simultaneous LOW on_Co and Sp

makes both Q and Q HIGH

Ordering Code: see section 5

Logic Symbols Connection Diagrams

A
—

l—o
—

Ji ^ Qi

CP,

1 Cqi '

— —

L-o
—

A
J2 Q2

CP2

K2 Q2

IEEE/IEC

J2—

K2

—Q,

—Q2

02

TL/F/9474-5

Pin Assignment

forDIP,SOICandFlatpak

Pin Assignment

for LCC and PCC

Q, NC Sq, NC J,

[II [H [|] [U H

^

NC K2
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Unit Loading/Fan Out: See Section 2 for U.L. definitions

Pin Names

Ji.J2.KlK2

CP

CD

SD1.SD2

QlQ2.Qi.Q2

Description

Data Inputs

Clock Pulse Input (Active Falling Edge)

Direct Clear Input (Active LOW)

Direct Set Inputs (Active LOW)

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/8.0

1.0/10.0

1.0/5.0

50/33.3

Input I|H/Iil

Output Ioh/'ol

20 juiA/- 0.6 mA

20 juA/ -4.8 mA

20 fxA/-6.0 mA

20 juiA/- 3.0 mA

-1 mA/20mA

Truth

sD

L

H

L

H

H

H

H

Table

cD

H

L

L

H

H

H

H

Inputs

CP

X

X

X

"\_

J

X

X

X

h

I

h

I

K

X

X

X

h

h

I

I

Outputs

Q

H

L

H

Qo
L

H

Qo

Q

L

H

H

Qo
H

L

Qo

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

"^ = HIGH-to-LOW Clock Transition

Qo (Qo) = Before HIGH-to-LOW Transition of Clock

Lower case letters indicate the state of the referenced input or output one setup time prior to the HIGH-to-LOW clock transition.

Logic Diagram (one half shown)

tl/f/9474-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ Crr>a A. AmWflnlTamnflrot11ra
Dtatrlbutors for availability and specifications. Free^rAmtaent Temperature ^^ +^

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias — 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) - 0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have Its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage ilmit or current limit is sufficient to protect Inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

VOH

V0L

I|H

'bvi

IlL

"OS

'CEX

•CCH

'CCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 74F10%Vcc

74F 5% VCc

Output LOW 54F10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-3.0

-8.0

-10.0

-60 -150

250

12.0 19.0

12.0 19.0

Units

V

V

V

V

V

HA

,xA

mA

mA

/xA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N= -18 mA

Ioh- "1mA

Ioh^ -1mA

Ioh^ -1mA

lOL = 20mA

Iol = 20 mA

V,N - 2.7V

V|N = 7.0V

V,N = 0.5V(Jn,Kn)

V,N = 0.5V(SDn)

V|N = 0.5V (CP)

V,N = 0.5V(eDn)

Vout = 0V

VOUT = Vcc

Vo = HIGH

Vo = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tPHL

tpLH

tPHL

Parameter

Maximum Clock Frequency

Propagation Delay

CPtoQnorQn

Propagation Delay

CDnOrSDntoQnorQn

74F

TA = +25°C

VCc = +5.0V

CL = 50pF

Min Typ Max

75 95

3.0 5.0 6.5

3.0 5.5 7.5

3.0 4.5 6.5

3.0 4.5 6.5

54F

TA,Vcc = MII

CL = 50 pF

Min Max

74F

TA»VCc = Com

CL = 50pF

Min Max

70

3.0 7.5

3.0 8.5

3.0 7.5

3.0 7.5

Units

MHz

ns

ns

Fig

No

2-1

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(D

tw(H)

tw(U

tw(D

W

Parameter

Setup Time, HIGH or LOW

JnorKntoCP

Hold Time, HIGH or LOW

JnorKntoCP

CP Pulse Width

HIGH or LOW

Cpn or SDn Pulse Width,

LOW

Recovery Time

SDn.CDn,toCP

74F

TA= +25°C

VCc= +5.0V

Min Max

4.0

3.0

0

0

4.5

4.5

4.5

4.0

54F

Ta,vcc = mii

Min Max

74F

Ta» VCc = Com

Min Max

5.0

3.5

0

0

5.0

5.0

5.0

5.0

Units

ns

ns

ns

ns

Fig

No

2-6

2-4

2-4

2-6
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££] National
221 Semiconductor

54F/74F125

Quad Buffer (TRI-STATE®)

Features
■ High impedance base inputs for reduced loading

en

Ordering Code: see section 5

Logic Symbol Connection Diagrams

Bt—

A,-*

B2—

EN

IEEE/IEC

>1
v

V

V

V

Pin Assignment

for DIP, SOIC and Flatpak

V

V

-3 I

GND-
L_s_(

14

"

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

On

Description

Inputs

Outputs

54F/74F

U.L

HIGH/LOW

1.0/0.033

600/106.6(80)

Input I|H/I|L

Output Ioh/Iol

20 jiA/-20 jaA

-12mA/64mA(48mA)

Function Table

c

L

L

H

Inputs

A

L

H

X

Output

O
H = High Voltage Level

L = LOW Voltage Level

Z = High Impedance

X - Immaterial

Pin Assignment

forLCCandPCC

B, NC X, NC 00

e lu on m lh

A3 NC Oj NC B2
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ - ^ A. AmWlM. -rAmMrt%tt M

Debaters for availability and specification,. "ZtoryTemper8tUre _55.c t0 +125.c
Storage Temperature -65°C to +1508C Commercial 0°C to + 70°C

Ambient Temperature under Bias -55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have Its useful life Impaired. Functional operation under

these conditions Is not implied.

Note 2: Either voltage limit or current limit Is sufficient to protect Inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

Vol.

I|H

>BVI

IlL

'OZH

IOZL

los

'CEX

izz

'CCH

'CCL

'ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 54F10%VCc

74F10%VCc

74F10%Vcc
74F 5% Vcc

74F 5% VCc

Output LOW 54F 10% Vcc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Buss Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.4

2.0

2.4

2.0

2.7

2.0

0.55

0.55

20

100

-20.0

50

-50

-100 -225

250

500

18.5 24.0

31.7 40.0

27.6 35.0

Units

V

V

V

V

V

fiA

jiA

pA

MA

fiA

mA

,iA

HA

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

llN = -18 mA

Ioh = -3 mA

IOh= -12 mA

Ioh = -3 mA

IOh= -12 mA

Ioh = -3 mA

IOh= -15 mA

Iol = 48 mA

Iol = 64 mA

Vin = 2.7V

V|N = 7.0V

V|N = 0.5V

VOUT - 2.7V

VOUT = 0.5V

V0UT = 0V

VOUT = Vcc

VOUT = Vcc

Vo = HIGH

Vo = LOW

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpi_H

tpHL

tpZH

tpZL

tPHZ

tpLZ

Parameter

Propagation Delay

Output Enable Time

Output Disable Time

Mln

2.0

3.0

3.5

3.5

1.5

1.5

TA

Vcc

CL

74F

= +25°C

= +5.0V

= 50 pF

Typ

4.0

4.6

4.7

5.3

3.9

4.0

Max

6.0

7.5

7.5

8.0

5.5

6.0

54F

Ta» VCc = Mil

CL = 50 pF

Mln Max

74F

TA,VCC

cL =

Mln

2.0

3.0

COCObib
1.5

1.5

= Com

50 pF

Max

6.5

8.0

8.5

9.0

6.0

6.5

Units

ns

ns

ns

Fig

No

2-3

2-5

2-5

10
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National

Semiconductor

54F/74F132

Quad 2-lnput NAND Schmitt Trigger

PRELIMINARY

General Description
The 'F132 contains four 2-input NAND gates which accept

standard TTL input signals and provide standard TTL output

levels. They are capable of transforming slowly changing

input signals into sharply defined, jitter-free output signals.

In addition, they have a greater noise margin than conven

tional NAND gates.

Each circuit contains a 2-input Schmitt trigger followed by

level shifting circuitry and a standard FAST® output struc

ture. The Schmitt trigger uses positive feedback to effective

ly speed-up slow input transitions, and provide different in

put threshold voltages for positive and negative-going tran

sitions. This hysteresis between the positive-going and neg

ative-going input threshold (typically 800 mV) is determined

by resistor ratios and is essentially insensitive to tempera

ture and supply voltage variations.

Ordering Code: see section 5

Logic Symbol Connection Diagrams

IEEE/IEC

*0—

B0—

At—

Bl—
A2—

B2—

A3—

B3—

Pin Assignment for

DIP, SOIC and Flatpak

Pin Assignment

for LCC and PCC

B, NC A, NC 00

GO H IU H] H

A3 NC 02 NC B2

Unit Loading/Fan Out: See Section 2 for U.L. definitions

Pin Names

An,Bn

On

Description

Inputs

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

50/33.3

Input Iih/Iil

Output Ioh/'ol

20 juA/- 0.6 mA

-1 mA/20mA

Function Table

A

L

L

H

H

Inputs

B

L

H

L

H

Outputs

O

H

H

H

L

H = HIGH Voltage Level

L = LOW Voltage Level
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ -^ .. A .. . ,., ^

Dtetributor, for avaHabNKy and speCf.cat.ons. 'Z^™*^^ -55'C to +1arc
Storage Temperature -65°C to +150°C CommercJal 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Suppiy Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with Vcc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated lOi_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

vT+

Vt-

AVT

VCD

VOH

V0L

llH

'bvi

IlL

los

ICEX

ICCH

"CCL

Parameter

Positive-going Threshold

Negative-going Threshold

Hysteresis (VT+ - VT~)

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F5%VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

1.5 2.0

0.7 1.1

0.4

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

12.0

19.5

Units

V

V

V

V

V

V

pA

mA

mA

M,A

mA

mA

Vcc

5.0

5.0

5.0

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

llN = -18 mA

IOH= "1mA

IOh= "1mA

IOh= -1mA

Iol = 20 mA

Iol = 20 mA

V|N = 2.7V

V,N = 7.0V

V|N = 0.5V

V0UT = 0V

VOUT = Vcc

Vo = HIGH

V0 = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

Min Typ Max

54F

= 50pF

Min Max

74F

Ta» VCc = Com

CL = 50 pF
Units

Fig

No

Min Max

tpLH

tpHL

Propagation Delay

An>BntoOn

7.0

8.5
2-3
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National
Semiconductor

54F/74F138

1-of-8 Decoder/Demultiplexer

General Description
The 'F138 is a high-speed 1-of-8 decoder/demultiplexer.

This device is ideally suited for high-speed bipolar memory

chip select address decoding. The multiple input enables

allow parallel expansion to a 1-of-24 decoder using just

three 'F138 devices or a 1-of-32 decoder using four 'F138

devices and one inverter.

Features
■ Demultiplexing capability

■ Multiple input enable for easy expansion

■ Active LOW mutually exclusive outputs

Ordering Code: see section 5

Logic Symbols

-o

I I I

IEEE/IEC

El1

1

2

4

BIN/OCT

EN

0

1

2

3

4

5

6

7

°0

5,

Connection Diagrams

Pin Assignment for DIP,

SOICandFlatpak

A1~
A2-

*1~

h-
E3-

67-

6ND-

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

cc

-5,
-6,

-62

-04

-5S

TL/F/8478-1

Pin Assignment

for LCC and PCC

3 h , 2
rii h ru in 0

67GD

6NDQ3

NCG3I

54 63 nc 62 o.

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

A0-A2

Ei,E2

E3
Oo-e7

Description

Address Inputs

Enable Inputs (Active LOW)

Enable Input (Active HIGH)

Outputs (Active LOW)

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

Input I|H/Iil

Output Ioh/Iol

20 \ikf- 0.6 mA

20 jj,A/ -0.6 mA

20fiA/-0.6mA

-1 mA/20mA
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Functional Description
The 'F138 high-speed 1-of-8 decoder/demultiplexer ac

cepts three binary weighted inputs (Aq, A1t A2) and, when

enabled, provides eight mutually exclusive active LOW out

puts (O0-O7). The 'F138 features three Enable inputs, two

active LOW (E-| E2) and oneactive HIGH (E3). All outputs

will be HIGH unless Ej and E2 are LOW and E3 is HIGH.

This multiple enable function allows easy parallel expansion

of the device to a 1-of-32 (5 lines to 32 lines) decoder with

just four 'F138 devices and one inverter (See Figure 1). The

'F138 can be used as an 8-output demultiplexer by using

one of the active LOW Enable inputs as the data input and

the other Enable inputs as strobes. The Enable inputs which

are not used must be permanently tied to their appropriate

active HIGH or active LOW state.

Truth

ii

H

X

X

L

L

L

L

L

L

L

L

Table

i2

X

H

X

L

L

L

L

L

L

L

L

Inputs

E3

X

X

L

H

H

H

H

H

H

H

H

Arj

X

X

X

L

H

L

H

L

H

L

H

X

X

X

L

L

H

H

L

L

H

H

A2

X

X

X

L

L

L

L

H

H

H

H

60

H

H

H

L

H

H

H

H

H

H

H

H

H

H

H

L

H

H

H

H

H

H

O2

H

H

H

H

H

L

H

H

H

H

H

Outputs

O3

H

H

H

H

H

H

L

H

H

H

H

O4

H

H

H

H

H

H

H

L

H

H

H

O5

H

H

H

H

H

H

H

H

L

H

H

o6

H

H

H

H

H

H

H

H

H

L

H

O7

H

H

H

H

H

H

H

H

H

H

L

H = HIGH Voltage Level

L= LOW Voltage Level

X = Immaterial

Logic Diagram

TL/F/9478-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature -65°C to +150°C

Ambient Temperature under Bias —55°C to +125°C

Junction Temperature under Bias —55°C to +175°C

VCc Pin Potential to

Ground Pin -0.5V to + 7.0V

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

-0.5Vto+7.0V

-30mAto+5.0mA

Input Voltage (Note 2)

Input Current (Note 2)

Voltage Applied to Output

in HIGH State (with Vcc = 0V)

Standard Output —0.5V to Vcc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated Iol (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

Ibvi

IlL

los

ICEX

'CCH

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

Min

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-150

250

13 20

13 20

Units

V

V

V

V

V

tiA

mA

mA

fiA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N =

IOH =

IOH =

IOH =

IOL =

IOL =

V|N =

V|N =

V|N =

VOUT

VOUT

vo =

vo =

-18 mA

-1 mA

-1mA

-1 mA

20 mA

20 mA

2.7V

7.0V

0.5V

= 0V

= vCc

HIGH

LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

Typ Max

54F

CL = 50 pF

Mln Max

74F

Ta» Vqc = Com

CL = 50 pF

Min Max

Units
No

*PHL

Propagation Delay

An to On

3.5

4.0

5.6

6.1

7.5

8.0

3.5

4.0

12.0

9.5

3.5

4.0

8.5

9.0
2-3

tpHL

Propagation Delay

E1

3.5

3.0

5.4

5.3

7.0

7.0

3.5

3.0

11.0

8.0

3.5

3.0

8.0

7.5
ns 2-4

tpLH

tpHL

Propagation Delay

E3toOn

4.0

3.5

6.2

5.6

8.0

7.5

4.0

3.5

12.5

8.5

4.0

3.5

9.0

8.5
2-4

I I I
A, Aj A, Aj

WWW

A, Aj

FIGURE 1. Expansion to 1-of-32 Decoding
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i/W\ National
£A Semiconductor

54F/74F139

Dual 1-of-4 Decoder/Demultiplexer

General Description
The 'F139 is a high-speed, dual 1-of-4 decoder/demultiplex

er. The device has two independent decoders, each accept

ing two inputs and providing four mutually exclusive active

LOW outputs. Each decoder has an active LOW Enable in

put which can be used as a data input for a 4-output demul

tiplexer. Each half of the 'F139 can be used as a function

generator providing all four minterms of two variables.

Features
■ Multifunction capability

■ Two completely independent 1-of-4 decoders

■ Active LOW mutually exclusive outputs

Ordering Code: see section 5

Logic Symbols

I I

DECODER a

°0 °1 °2 °3

YYYY

X I 1
E Ag A,

DECODER b

°3

Connection Diagrams

Pin Assignment

DIP, SOIC and Flatpak

IEEE/IEC

°2«-

6ND-

*tb —

1

?

EN

XA
0

1

2

3

1

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

vcc

-A1b

-6,'1b

-<>2b

-03b

Pin Assignment

for LCC and PCC

•03a

•o0b

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

E

O0-O3

Description

Address Inputs

Enable Inputs (Active LOW)

Outputs (Active LOW)

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

50/33.3

Input Iih/Iil

Output Ioh/'ol

20fiA/-0.6mA

20/mA/-0.6mA

-1mA/20mA
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Functional Description
The 'F139 is a high-speed dual 1-of-4 decoder/demultiplex

er. The device has two independent decoders, each of

which accepts two binary weighted inputs (Arj-Ai) and pro

vides four mutually exclusive active LOW Outputs (O0-O3).

Each decoder has an active LOW enable (E). When E is

HIGH all outputs are forced HIGH. The enable can be used

as the data input for a 4-output demultiplexer application.

Each half of the 'F139 generates all four minterms of two

variables. These four minterms are useful in some applica

tions, replacing multiple gate functions as shown in Figure 1,

and thereby reducing the number of packages required in a

logic network.

Truth Table

E

H

L

L

L

L

Inputs

Ao

X

L

H

L

H

A1

X

L

L

H

H

60

H

L

H

H

H

Outputs

O1

H

H

L

H

H

O2

H

H

H

L

H

O3

H

H

H

H

L

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

02

FIGURE 1. Gate Functions (each half)

Logic Diagram

<>0a U1a °2a °3a °0b °1b °2b °3b
TL/F/9479-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature -65°C to +150°C

Ambient Temperature under Bias - 55°C to +125°C

Junction Temperature under Bias - 55°C to +175°C

VCc Pin Potential to

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) - 0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE® Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

'bvi

IlL

los

'CEX

ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Min

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-150

250

13 20

Units

V

V

V

V

V

juiA

,iA

mA

mA

^A

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'in =

"OH =

"OH =

•oh =

"OL =

IOL =

V|N =

V|N =

V|N =

VOUT

VOUT

-18 mA

-1 mA

-1 mA

-1 mA

20 mA

20 mA

2.7V

7.0V

0.5V

= OV

= vcc
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc = +5.0V

CL = 50 pF

Mln Typ Max

54F

CL = 50 pF

Mln Max

74F

TA, VCC = Com

CL = 50 pF
Units

Fig

No

Min Max

tpLH

tPHL

Propagation Delay

toOn

3.5

4.0

5.3

6.1

7.5

8.0

2.5

3.5

12.0

9.5

3.0

4.0

8.5

9.0
2-3

tPLH

tPHL

Propagation Delay

EitoOn

3.5

3.0

5.4

4.7

7.0

6.5

3.0

2.5

9.0

8.0

3.5

3.0

8.0

7.5
2-3
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531 National
JSlA Semiconductor

54F/74F148

8-Line to 3-Line Priority Encoder

General Description
The 'F148 provides three bits of binary coded output repre

senting the position of the highest order active input, along

with an output indicating the presence of any active input. It

is easily expanded via input and output enables to provide

priority encoding over many bits.

Features
■ Encodes eight data lines in priority

■ Provides 3-bit binary priority code

■ Input enable capability

■ Signals when data is present on any input

■ Cascadable for priority encoding of n bits

Ordering Code: see section 5

Logic Symbols Connection Diagrams

Pin Assignment for

DIP,SOICandFlatpak

Pin Assignment

for LCC and PCC

t++
GS

TTTTT
TL/F/9480-3

V
Ei-

0/Z10

1/211

2/Z12

3/Z13

4/Z14

5/215

6/Z16

7/Z17

ENcx/\

IEEE/IEC

HPRI/BIN

10-

11 -

12-

13-

14-

15-

tW 16"

17-

-

Ooc

1 oc

2a

£1

18

a

T4"
T5-

•e-
i7—

Ei-

A2-

At-

GND-

1

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-EO

-GS

"I2

E3 Ell Ei 03 01

Unit Loading/Fan Out: see section 2 for u.l definitions

Pin Names

To
I1-I7
El

EO

GS

A0-A2

Description

Priority Input (Active LOW)

Priority Inputs (Active LOW)

Enable Input (Active LOW)

Enable Output (Active LOW)

Group Signal Output (Active LOW)

Address Outputs (Active LOW)

54F/74F

U.L

HIGH/LOW

1.0/1.0

1.0/2.0

1.0/1.0

50/33.3

50/33.3

50/33.3

Input I,h/Iil

Output Ioh/Iol

20 jutA/-0.6 mA

20 jjiA/- 1.2 mA

20/xA/-0.6 mA

-1 mA/20mA

-1 mA/20mA

-1 mA/20mA
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Functional Description
The 'F148 8-input priority encoder accepts data from eight

active LOW inputs (I0-I7) and provides a binary representa

tion on the three active LOW outputs. A priority is assigned

to each input so that when two or more inputs are simulta

neously active, the input with the highest priority is repre

sented on the output, with input line 7_having the highest

priority. A HIGH on the Enable Input (El) will force all out

puts to the inactive (HIGH) state and allow new data to set

tle without producing erroneous information at the outputs.

Truth Table

A Group Signal output (GS) and Enable Output (EO) are

provided along with the three priority data outputs (A2, At,

Ao). G§ is active LOW whenany input is LOW: this indicates

when any input is active. EO is active LOW when all inputs

are HIGH. Using the Enable Output along with the Enable

Input allows cascadingjor priority encoding on any number

of input signals. Both EO and GS are in the inactive HIGH

state when the Enable Input is HIGH.

if

H

L

L

L

L

L

L

L

L

L

To

X

H

X

X

X

X

X

X

X

L

h

X

H

X

X

X

X

X

X

L

H
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l2

X

H

X

X

X

X

X

L

H

H

l3

X

H

X

X

X

X

L

H

H

H
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X

H

X

X

X

L

H

H

H

H
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H

X

X

L

H

H

H

H

H

l6

X

H

X

L

H

H

H

H

H

H

»7

X

H

L

H

H

H

H

H

H

H

Outputs

GS

H

H

L

L

L

L

L

L

L

L

Ao

H

H

L

H

L

H

L

H

L

H

A1

H

H

L

L

H

H

L

L

H

H

A2

H

H

L

L

L

L

H

H

H

H

EO

H

L

H

H

H

H

H

H

H

H

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Logic Diagram

GS EO
TL/F/9480-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c^AirAmw^^™-^.*
Distributors for availability and specifications. mZy Temperature ^^^ +^

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias -55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial +4.5V to +5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to +7.0V

Input Current (Note 2) —30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated Iol (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

I|H

•bvi

IlL

los

'CEX

•CCH

•CCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 74F10%VCc

74F 5% Vcc

Output LOW 54F 10% VCc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW

Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1-2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-1.2

-60 -150

250

35

35

Units

V

V

V

V

V

^A

/xA

mA

mA

mA

tiA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

•lN = —18 mA

Ioh = -1 mA

IOh= -1mA

•oh = -1 mA

•ol = 20 mA

Iol = 20 mA

V|N = 2.7V

V|N = 7.0V

V,N = 0.5V (Io, El)

V,N = 0.5V (h-Iy)

V0UT = 0V

VOUT = Vcc

Vo = HIGH

V0 = LOW
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Application

16-lnput Priority Encoder

LSB

mum
MSB

ENABLE

FLAG

AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA = +25°C

VCc= +5.0V

CL = 50pF

Mln Typ Max

54F

CL = 50 pF

Mln Max

74F

Ta» VCc = Com

CL = 50 pF
Units

Fig

No

Mln Max

tpHL

Propagation Delay

In to An

3.0

3.0

7.0

8.0

9.0

10.5

3.0

3.0

10.0

12.0
2-3

tpLH

tpHL

Propagation Delay

Into ED

i
n

i
n

C
M

C
M

5.0

5.5

6.5

7.5

2.5

2.5

7.5

8.5
2-3

tpLH

tpHL

Propagation Delay 2.5

2.5

7.0

6.0

9.0

8.0

2.5

2.5

10.0

9.0
ns 2-3

tpLH

tpHL

Propagation Delay

EltoAn

i
n

i
n

C
M

CM*

6.5

6.0

8.5

8.0

2.5

2.5

9.5

9.0
2-3

tpLH

tPHL

Propagation Delay

EltoGS

m
m

C
M

C
M

5.0

6.0

7.0

7.5

2.5

2.5

8.0

8.5
ns 2-3

tpLH

*PHL

Propagation Delay

EltoEO

2.5

3.0

5.5

8.0

7.0

10.5

2.5

3.0

8.0

12.0
ns 2-3
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National
Semiconductor

54F/74F151A

8-lnput Multiplexer

General Description
The 'F151A is a high-speed 8-input digital multiplexer. It pro

vides in one package the ability to select one line of data

from up to eight sources. The 'F151A can be used as a

universal function generator to generate any logic function

of four variables. Both assertion and negation outputs are

provided.

Ordering Code: see section 5

Logic Symbols Connection Diagrams

-OE

I I I I I I I I

'i '2 '3 U '5 «6 '7

Pin Assignment for DIP,

SOIC and Flatpak

IEEE/IEC

E-*

S2-

'o-

"r

•2-

'3-

U-

'5-

'7—

MUX

>3-

'2-

■i"

•o"
z-

z-

E-

GND-

V

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

Pin Assignment

for LCC and PCC

Z Z NC lo I,

GO 13 H] GD ID

-'4

-'6

-Si

-S2

Z

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

IcH?
so-s2

E

Z

z

Description

Data Inputs

Select Inputs

Enable Input (Active LOW)

Data Output

Inverted Data Output

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

50/33.3

Input Iih/'il

Output Ioh/Iol

20 ju,A/-0.6 mA

20 jutA/-0.6 mA

20jaA/-0.6mA

-1 mA/20mA

-1 mA/20mA
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Functional Description
The 'F151A is a logic implementation of a single pole, 8-po-

sition switch with the switch position controlled by the state

of three Select inputs, So, S1t S2. Both assertion and nega

tion outputs are provided. The Enable input (E) is active

LOW. When it is not activated, the negation output is HIGH

and the assertion output is LOW regardless of all other in

puts. The logic function provided at the output is:

Z = E •_(!() §2^1 So + lij§2§1 So + I2S2S1 Sq +
I3 S2 Si So + I4 S2 Si §0 + I5 S2 3-I So +

The 'F151A provides the ability, in one package, to select

from eight sources of data or control information. By proper

manipulation of the inputs, the 'F151A can provide any logic

function of four variables and its negation.

Logic Diagram

Truth

E

H

L

L

L

L

L

L

L

L

Table

Inputs

S2

X

L

L

L

L

H

H

H

H

Si

X

L

L

H

H

L

L

H

H

So

X

L

H

L

H

L

H

L

H

Outputs

Z

H

To
h

h

h
U

Is

Te
h

z

L

lo

11

l2

«3

l4

l5

<6

l7

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z Z

TL/F/9481-4

note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature -65°C to +150°C

Ambient Temperature under Bias - 55°C to +125°C

Junction Temperature under Bias —55°C to +175°C

Vqc Pin Potential to

Ground Pin -0.5V to + 7.0V

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

- 0.5V to + 7.0V

-30 mA to + 5.0 mA

Input Voltage (Note 2)

Input Current (Note 2)

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to Vcc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOL (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

VOH

VOL

I|H

■bvi

IlL

•os

"CEX

ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% Vcc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Min

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-150

250

13.5 21.0

Units

V

V

V

V

V

,xA

jtA

mA

mA

^A

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N =

Ioh =

IOH =

IOH =

IOL =

IOL =

V|N =

V|N =

V|N =

VOUT

VOUT

vo =

-18 mA

-1 mA

-1 mA

-1 mA

20 mA

20 mA

2.7V

7.0V

0.5V

= 0V

= vcc

HIGH
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

Min Typ Max

54F

CL = 50 pF

Mln Max

74F

TA,VCC

CL=50pF
Units

Min Max

Fig

No

tpLH

tpHL

Propagation Delay

SntoZ

4.0

3.2

6.2

5.2

9.0

7.5

3.5

3.0

11.5

8.0

3.5

3.2

9.5

7.5
ns 2-3

tpLH Propagation Delay

SntoZ

4.5

4.0

7.5

6.2

10.5

9.0

4.5

4.0

13.5

9.5

4.5

4.0

12.0

9.0
ns 2-3

tPHL

Propagation Delay

EtoZ

3.0

3.0

4.7

4.4

6.1

6.0

3.0

2.5

7.5

6.5

3.0

2.5

7.0

6.0
ns 2-3

tPHL

Propagation Delay

EtoZ

5.0

3.5

7.0

5.3

9.5

7.0

4.0

3.0

12.0

8.0

4.0

3.0

10.5

7.5
ns 2-3

tPLH

tPHL

Propagation Delay

IntoZ

3.0

1.5

4.8

2.5

6.5

4.0

2.5

1.5

7.5

6.0

3.0

1.5

7.0

5.0
ns 2-3

tPLH Propagation Delay

IntoZ

3.0

3.7

4.8

5.5

6.5

7.0

2.5

3.5

4-100

8.5

9.0

2.5

3.7

7.5

7.5
ns 2-3



National
Semiconductor

54F/74F153

Dual 4-lnput Multiplexer

General Description
The 'F1S3 is a high-speed dual 4-input multiplexer with com

mon select inputs and individual enable inputs for each sec

tion. It can select two lines of data from four sources. The

s

two buffered outputs present data in the true (non-inverted)

form. In addition to multiplexer operation, the 'F153 can

generate any two functions of three variables.

Ordering Code: see section 5

Logic Symbols Connection Diagrams

I I I I I I I I
!0a ha (2a (3a !0b 'ib >2b *3b

Pin Assignment

forDIP,SOICandFlatpak

Si—

Ea-*

'la

'2a—

!3a

'3b—

IEEE/IEC

:)
■j

EN

0

1

2

3

, 0

'3

r

MUX

S1"

•3a-

'2a-

•la"

«0a-

Za"
GND-

V

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-vcc

-h
-s0

-'3b

-'2b

1b

Pin Assignment

for LCC and PCC

ba ha NC Iza >3a
m ru m m s

—zb

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

lOa_l3a

|0b-|3b

So. S-t

Ea

Eb

Za

zb

Description

Side A Data Inputs

Side B Data Inputs

Common Select Inputs

Side A Enable Input (Active LOW)

Side B Enable Input (Active LOW)

Side A Output

Side B Output

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

50/33.3

Input I|H/Iil

Output Ioh/Iol

20jmA/-0.6mA

20 jaA/ -0.6 mA

20 jutA/-0.6 mA

20 jmA/-0.6 mA

20 jLtA/-0.6 mA

-1mA/20mA

-1 mA/20mA
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Functional Description
The 'F153 is a dual 4-input multiplexer. It can select two bits

of data from up to four sources under the control of the

common Select inputs (So, Si). The two 4-input multiplexer

circuits have individual active LOW Enables (Ea, Eb) which

can be used to strobe the outputs independently. When the

Enables (Ea, Eb) are HIGH, the corresponding outputs (Za,

Zb) are forced LOW. The 'F153 is the logic implementation

of a 2-pole, 4-position switch, where the position of the

switch is determined by the logic levels supplied to the two

Select inputs. The logic equations for the outputs are as

follows:

Truth Table

The 'F153 can be used to move data from a group of regis

ters to a common output bus. The particular register from

which the data came would be determined by the state of

the Select inputs. A less obvious application is as a function

generator. The 'F153 can generate two functions of three

variables. This is useful for implementing highly irregular

random logic.

Select

Inputs

So Si

X X

L L

L L

H L

H L

L H

L H

H H

H H

Inputs (a or b)

E

H

L

L

L

L

L

L

L

L

l0 11 12 "3

X X X X

L X X X

H X X X

X L X X

X H X X

X X L X

X X H X

X X X L

X X X H

Output

Z

L

L

H

L

H

L

H

L

H

H = HIGH Voltage Level

L = LOW

X = Immaterial

Logic Diagram

TL/F/9482-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature —65°C to +150°C

Ambient Temperature under Bias - 55°C to +125°C

Junction Temperature under Bias - 55°C to +175°C

Vcc Pin Potential to

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

Symbol

V|H

V|L

VCD

V0H

VOL

I|H

Ibvi

IlL

los

ICEX

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 74F10%VCc

74F 5% Vcc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Min

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-150

250

12 20

Units

V

V

V

V

V

jiA

J*A

mA

mA

fiA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N =

Ioh =

•oh =

IOH =

IOL =

IOL =

V|N =

V|N =

V|N =

VOUT

VOUT

vo =

-18mA

-1 mA

-1 mA

-1 mA

20 mA

20 mA

2.7V

7.0V

0.5V

= 0V

= vcc

LOW

s
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCC= +5.0V

CL = 50 pF

Min Typ Max

54F

CL = 50 pF

Mln Max

74F

Ta. VCc = Com

CL = 50 pF
Units

Fig

No

Min Max

Propagation Delay

SntoZn

4.5

3.5

8.1

7.0

10.5

9.0

4.5

3.5

14.0

11.0

4.5

3.5

12.0

10.5
2-3

tpLH

tpHL

Propagation Delay

EntoZn

4.5

3.0

7.1

5.7

9.0

7.0

4.5

2.5

11.5

9.0

4.5

2.5

10.5

8.0
ns 2-3

tpi_H Propagation Delay

lntoZn

3.0

2.5

5.3

5.1

7.0

6.5

2.5

2.5

9.0

8.0

3.0

2.5

8.0

7.5
2-3
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5jj5| National
ttJ Semiconductor

54F/74F157A

Quad 2-lnput Multiplexer

General Description
The 'F157A is a high-speed quad 2-input multiplexer. Four

bits of data from two sources can be selected using the

common Select and Enable inputs. The four outputs present

the selected data in the true (non-inverted) form. The

'F157A can also be used to generate any four of the 16

different functions to two variables.

Ordering Code: see section 5

Logic Symbols Connection Diagrams

-0

—

E

S

E &

S

Oa

'la

fab

•ib

fad-

•id"

fao-

'ic-

1 1

faiha

Za

1

1 1

lob >ib

1

|

l0c>

Zc

1

IEEE/IEC

EN

G1

h

i

1

MUX

LJ.
1c 'Od

zd

T

|

■id

TL/F/9483-3

—Za

-zb

-Zd

-Zc

TL/F/9483-5

Pin Assignment

forDIP,SOICandFlatpak

s-

faa-
l1a-

Za"

fab-

'ib-

Zb"
GND-

V.

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

Pin Assignment

for LCC and PCC

lib bb NC Z, l1d
® rS m ifi 111

-E

"fao

"fad

EH ED El E21 El

"Od Zc NC l1c I,*

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

loa-lod

ha-hd
E

S

Za-Zd

Description

Source 0 Data Inputs

Source 1 Data Inputs

Enable Input (Active LOW)

Select Input

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

Input I,h/I|l

Output Ioh/Iol

20jitA/-0.6mA

20 jutA/—0.6 mA

20 jaA/ -0.6 mA

20jmA/-0.6mA

-1 mA/20mA
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Functional Description
The 'F157A is a quad 2-input multiplexer. It selects four bits

of data from two sources under the control of a common

Select input (S). The Enable input (E) is active LOW. When

E is HIGH, all of the outputs (Z) are forced LOW regardless

of all other inputs. The 'F157A is the logic implementation of

a 4-pole, 2-position switch where the position of the switch

is determined by the logic levels supplied to the Select in

put. The logic equations for the outputs are shown below:

16 different functions of two variables with one variable

common. This is useful for implementing highly irregular

logic.

Truth Table

A common use of the 'F157A is the moving of data from two

groups of registers to four common output busses. The par

ticular register from which the data comes is determined by

the state of the Select input. A less obvious use is as a

function generator. The 'F157A can generate any four of the

Inputs

I S l0 h

H X X X

L H X L

L H X H

L L L X

L L H X

Output

Z

L

L

H

L

H

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Logic Diagram

TL/F/9483-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings i

If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature -65°C to +150°C

Ambient Temperature under Bias — 55°C to +125°C

Junction Temperature under Bias - 55°C to +175°C

Vcc Pin Potential to

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) - 0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current timit is sufficient to protect inputs.

DC Electrical Characteristics

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

'bvi

IlL

•os

'CEX

'CCH

'CCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

Mln

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-150

250

15 23

15 23

Units

V

V

V

V

V

HA

jiA

mA

mA

,tA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

hN =

IOH =

'oh =

IOH =

IOL =

IOL =

V|N =

V|N =

V|N =

VOUT

VOUT

vo =

vo =

-18mA

-1 mA

-1 mA

-1mA

20 mA

20 mA

2.7V

7.0V

0.5V

= 0V

= vcc

HIGH

LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL=50pF

Min Typ Max

54F

CL = 50pF

Mln Max

74F

Tai Vcc = Com

CL = 50pF
Units

Fig

No

Mln Max

tpLH

tPHL

Propagation Delay

StoZn

4.0

3.0

7.0

5.0

10.0

7.0

4.0

3.0

12.0

9.0

4.0

3.0

11.0

8.0
ns 2-3

tPLH

tPHL

Propagation Delay

EtoZn

5.0

2.5

7.0

4.5

9.5

6.5

5.0

2.5

13.0

7.5

5.0

2.5

11.0

7.0
2-3

tPLH

tPHL

Propagation Delay 2.5

2.5

4.5

4.0

6.0

5.5

2.5

1.5
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54F/74F158A

Quad 2-lnput Multiplexer

General Description
The 'F158A is a high speed quad 2-input multiplexer. It se

lects four bits of data from two sources using the common

Select and Enable inputs. The four outputs present the se

lected data in the inverted form. The *F158A can also gener

ate any four of the 16 different functions of two variables.

Ordering Code: see section 5

Logic Symbols

I I I l I I I I

Connection Diagrams

'la !0b 'ib !0c he l0d 'id

Pin Assignment for

DIP.SOICandFlatpak

E —*

S

Oa "^^

•ob

'id

•Oc

>1e

EN

G1

1

IEEE/IEC

r

MUX

s-

•oa"
l1o-

za-

lOb-

l1b-

zb-

CND-

1

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

Pin Assignment

for LCC and PCC

hb bb nc z^ i1a

H] El m 0 (3

-E

""'Oc

<0d Zc NC l1c be

TL/F/9484-2

HYZa

>—3YZd

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

'Oa-'od

ha-hd

S

Za-Zd

Description

Source 0 Data Inputs

Source 1 Data Inputs

Enable Input (Active LOW)

Select Input

Inverted Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

Input Iih/Iil

Output Ioh/Iol

20/iA/-0.6 mA

20/jiA/-0.6mA

20 jaA/ -0.6 mA

20jmA/-0.6mA

-1 mA/20mA
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Functional Description
The "F158A quad 2-input multiplexer selects four bits of

data from two sources under the control of a common Se

lect input (S) and presents the data in inverted form atjhe

four outputs. The Enable input (E) is active LOW. When E is

HIGH, all of the outputs (Z) are forced HIGH regardless of

all other inputs. The 'F158A is the logic implementation of a

4-pole, 2-position switch where the position of the switch is

determined by the logic levels supplied to the Select input.

A common use of the 'F158A is the moving of data from two

groups of registers to four common output busses. The par

ticular register from which the data comes is determined by

the state of the Select input. A less obvious use is as a

function generator. The 'F158A can generate four functions

of two variables with one variable common. This is useful for

implementing gating functions.

Logic Diagram

Truth Table

Inputs

I

H

L

L

L

L

S

X

L

L

H

H

lo

X

L

H

X

X

11

X

X

X

L

H

Outputs

Z

H

H

L

H

L

H = HIGH Voltage Level

L = LOW Voltage Level

X - Immaterial

2n °Ix (lmS+ lOn3)

TL/F/9484-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature -65°C to +150°C

Ambient Temperature under Bias - 55°C to +125°C

Junction Temperature under Bias -55°C to +175°C

Vqc Pin Potential to

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to +7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

Symbol

V|H

V|L

VCD

V0H

V0L

>IH

•bvi

IlL

"OS

ICEX

Ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Mln

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-150

250

10 15

Units

V

V

V

V

V

pA

HA

mA

mA

pA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N =

Ioh =

IOH =

IOH =

IOL =

"OL =

V|N =

V|N =

V|N =

VOUT

VOUT

vo =

-18 mA

-1 mA

-1 mA

-1 mA

20 mA

20 mA

2.7V

7.0V

0.5V

= 0V

= vcc

LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc = +5.0V

CL = 50pF

Mln Typ Max

54F

CL = 50 pF

Mln Max

74F

TA» Vcc = Com

CL = 50pF
Units

Fig

No

Min Max

*PLH Propagation Delay

StoZn

3.0

2.5

5.5

4.5

8.5

6.5

3.0

2.5

10.5

8.0

3.0

2.5

9.5

7.0
2-3

tpi_H

tpHL

Propagation Delay

EtoZn

2.5

2.0

4.5

4.0

6.0

6.0

2.5

2.0

8.0

7.0

2.5

2.0

7.0

6.5
ns 2-3

tpLH

tpHL

Propagation Delay 2.5

1.5

4.0

2.5

5.9

4.0

2.5

1.0
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Semiconductor

54F/74F160A • 54F/74F162A

Synchronous Presettable BCD Decade Counter

General Description
The 'F160A and 'F162A are high-speed synchronous dec

ade counters operating in the BCD (8421) sequence. They

are synchronously presettable for applications in program

mable dividers. There are two types of Count Enable inputs

plus a Terminal Count output for versatility in forming syn

chronous multistage counters. The 'F160A has an asyn

chronous Master Reset input that overrides all other inputs

and forces the outputs LOW. The 'F162A has a Synchro

nous Reset input that overrides counting and parallel load

ing and allows all outputs to be simultaneously reset on the

rising edge of the clock. The 'F160A and 'F162A are high

speed versions of the 'F160 and 'F162.

Features
■ Synchronous counting and loading

■ High-speed synchronous expansion

■ Typical count rate of 120 MHz

Ordering Code: see section 5

Connection Diagrams

Pin Assignment for

DIP, SOIC and Flatpak

'F160A

MR-

CP-

CEP-

GND-

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-vcc
-TC

-Q2

-CET

-PE

'F162A

SR-

CP-

Po-

P1"
P2-

P3-

CEP-

GND-

V.

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-TC

-Q2

-CET

-PE

Pin Assignment

forLCCandPLCC

'F160A

P3 P2 NC Pi P0

{t\ [3 [I] GO H

'F162A

P2 NC Pt Pt P0

CEP [Dp

GNDGSJi

NCO3

PEEUS
CET ED 1

\

|TJ EU ED 03 Ql

Q3 Q2 NC Q1 Q0

K[3]CP

EiDSR

rmNc

^vcc
^EiTC

TL/F/9485-1O
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<0 Logic Symbols

'F160A

-0

—

—

—

-0

PE

CEP

CET

CP

MR

Po Pi P

Qo Q1 C

2 P3

TC

2 Q3

I I I I

F162A

-o

—

—

—

-0

PE

CEP

CET

CP

SR

Pq Pj P2 P3

TC

Q0 Q, Q2 Qj

I I I I

IEEE/IEC

'F160A

MR-

PE-f
:et I—CET

CET-

CEP-

CP-

CTRDIV10

CT=O

Ml

M2

G3

G4

>C5/2,3,4+

3CT =

1.5D (1)

(2)

(4)

(8)

'F162A

SR-

PE-

CET

CET-

CEP-

CP-

-TC

-Qo

-Qi

-Q2

-Q3

b

—fb

L

—

CTRDIV10

5CT=0

M1

M2

G3

64

3CT = 9

>C5/2,3,4+

1.5D (1)

(2)

(4)

(8)

-TC

-Q2

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

CEP

CET

CP

MR('F160A)

SR('F162A)

P0-P3
PE

Q0-Q3
TC

Description

Count Enable Parallel Input

Count Enable Trickle Input

Clock Pulse Input (Active Rising Edge)

Asynchronous Master Reset Input (Active LOW)

Synchronous Reset Input (Active LOW)

Parallel Data Inputs

Parallel Enable Input (Active LOW)

Flip-Flop Outputs

Terminal Count Output

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/2.0

1.0/1.0

1.0/1.0

1.0/2.0

1.0/1.0

1.0/2.0

50/33.3

50/33.3

Input I,h/Iil

Output Ioh/'ol

20 fxA/-0.6 mA

20/mA/-1.2mA

20 |mA/-0.6 mA

20 fjiA/- 0.6 mA

20 jutA/ — 1.2 mA

20 ixA/- 0.6 mA

20 |liA/-1.2 mA

-1 mA/20mA

-1 mA/20mA
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Functional Description

The 'F160A and 'F162A count modulo-10 in the BCD (8421)

sequence. From state 9 (HLLH) they increment to state 0

(LLLL). The clock inputs of all flip-flops are driven in parallel

through a clock buffer. Thus all changes of the Q outputs

(except due to Master Reset of the ('F160A) occur as a

result of, and synchronous with, the LOW-to-HIGH transition

of the CP input signal. The circuits have four fundamental

modes of operation, in order of precedence: asynchronous

reset ('F160A), synchronous reset ('F162A), parallel load,

count-up and hold. Five contrqMnputs—Master Reset (MR,

'F160A), Synchronous Reset (SR, 'F162A), Parallel Enable

(PE), Count Enable Parallel (CEP) and Count Enable Trickle

(CET)—determine the mode of operation, as shown in the

Mode Select Table. A LOW signal on MR overrides all other

inputs and^synchronously forces all outputs LOW. A LOW

signal on SR overrides counting and parallel loading and

allows all outputsjo go LOW on the next rising edge of CP.

A LOW signal on PE overrides counting and allows informa

tion on the Parallel Data (Pn) inputs to be loaded into the

flip-flops on the next rising edge of CP. With PE and MR

('F160A) or SR ('F162A) HIGH, CEP and CET permit count

ing when both are HIGH. Conversely, a LOW signal on ei

ther CEP or CET inhibits counting.

The 'F160A and 'F162Ause D-type edge-triggered flip-flops

and changing the §R, PE, CEP and CET inputs when the CP

is in either state does not cause errors, provided that the

recommended setup and hold times, with respect to the ris

ing edge of CP, are observed.

The Terminal Count (TC) output is HIGH when CET is HIGH

and counter is in state 9. To implement synchronous multi

stage counters, the TC outputs can be used with the CEP

and CET inputs in two different ways. Please refer to the

'F568 data sheet. The TC output is subject to decoding

spikes due to internal race conditions and is therefore not

recommended for use as a clock or asynchronous reset for

flip-flops, counters or registers. In the 'F160A and 'F162A

decade counters, the TC output is fully decoded and can

only be HIGH in state 9. If a decade counter is preset to an

illegal state, or assumes an illegal state when power is ap

plied, it will return to the normal sequence within two counts,

as shown in the State Diagram.

Logic Equations:

Count Enable = CEP x CET x PE

TC = Qq X Q-\ X Q2 X Q3 X CET

Mode Select Table State Diagram

•SR PE CET CEP

X

L

H

H

H

X

X

H

L

X

X

X

H

X

L

Action on the Rising

Clock Edge (_^)

Reset (Clear)

Load(Pn -► Qn)

Count (Increment)

No Change (Hold)

No Change (Hold)

♦For 'F162A only

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ trMAirAmw^Tfl««aratMrfl
D.s.r.bu.orsforavaHabH.tyandspec.f.cat.ons. Free^rAmtaent Temperature _8(pci0+ia(re

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCC Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) - 0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOL (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect Inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

I|H

Ibvi

IlL

los

ICEX

ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% Vqc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW

Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-1.2

-60 -150

250

37 55

Units

V

V

V

V

V

tiA

liA

mA

mA

mA

ftA

mA

vCc

Mln

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

Ioh = "1 mA

•oh = -1 mA

'OH = ~1 mA

Iol — 20 mA

Iol = 20 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V (CP, CEP,Pn, MR (fF160A))

V|N = 0.5V (CET, SR (fF162A), PE)

VouT = 0V

VOUT = Vcc

Vo = HIGH
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpHL

tpHL

Parameter

Maximum Count Frequency

Propagation Delay, Count

CP to Qn(PE Input HIGH)

Propagation Delay, Load

CP to Qn(PE Input LOW)

Propagation Delay

CPtoTC

Propagation Delay

CETtoTC

Propagation Delay

MRtoQnCF160A)

Propagation Delay

MRtoTC('F160A)

74F

TA= +25°C

VCc = +5.0V

CL = 50pF

Mln Typ Max

100 120

3.5 5.5 7.5

3.5 7.5 10.0

4.0 6.0 8.5

4.0 6.0 8.5

5.0 10.0 14.0

5.0 10.0 14.0

2.5 4.5 7.5

2.5 4.5 7.5

5.5 9.0 12.0

4.5 8.0 10.5

54F

TA,Vcc = MII

CL = 50 pF

Mln Max

75

3.5 9.0

3.5 11.5

4.0 10.0

4.0 10.0

5.0 16.5

5.0 15.5

2.5 9.0

2.5 9.0

5.5 14.0

4.5 12.5

74F

TA,VCc = Com

CL = 50pF

Mln Max

90

3.5 8.5

3.5 11.0

4.0 9.5

4.0 9.5

5.0 15.0

5.0 15.0

2.5 8.5

2.5 8.5

5.5 13.0

4.5 11.5

Units

MHz

ns

ns

ns

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-3

2-3

2-3

2-3
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AC Operating Requirements: see section 2 tor waveforms

Symbol

ts(H)

ts(L)

ts(H)

ts(U

th(H)

th(L)

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(L)

th(H)

th(U

tw(H)

tw(U

tw(H)

twd)

tw(L)

tree

Parameter

Setup Time, HIGH or LOW

PntoCP('F160A)

Setup Time, HIGH or LOW

PntoCP('F162A)

Hold Time, HIGH or LOW

PntoCP

Setup Time, HIGH or LOW

PEorSRtoCP

Hold Time, HIGH or LOW

PE or SR to CP

Setup Time, HIGH or LOW

CEPorCETtoCP

Hold Time, HIGH or LOW

CEPorCETtoCP

Clock Pulse Width (Load)

HIGH or LOW

Clock Pulse Width (Count)

HIGH or LOW

MR Pulse Width, LOW

('F160A)

Recovery Time

MRtoCP('F160A)

74F

TA = +25°C

VCc= +5.0V

Mln Max

4.0

5.0

5.0

5.0

2.0

2.0

11.0

8.5

2.0

0

11.0

5.0

0

0

5.0

5.0

4.0

6.0

5.0

6.0

54F

TA,VCC = Mil

Mln Max

5.5

5.5

5.5

5.5

2.5

2.5

13.5

10.5

2.0

0

13.0

6.0

0

0

5.0

5.0

5.0

8.0

5.0

6.0

74F

TA,VCC = Com

Mfn Max

4.0

5.0

5.0

5.0

2.0

2.0

11.5

9.5

2.0

0

11.5

5.0

0

0

5.0

5.0

4.0

7.0

5.0

6.0

Units

ns

ns

ns

ns

ns

ns

ns

No

2-6

2-6

2-6

2-6

2-4

2 4

2-6
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54F/74F161A • 54F/74F163A

Synchronous Presettable Binary Counter

General Description
The 'F161A and 'F163A are high-speed synchronous modu-

lo-16 binary counters. They are synchronously presettable

for application in programmable dividers and have two types

of Count Enable inputs plus a Terminal Count output for

versatility in forming synchronous multi-stage counters. The

'F161A has an asynchronous Master-Reset input that over

rides all other inputs and forces the outputs LOW. The

'F163A has a Synchronous Reset input that overrides

counting and parallel loading and allows the outputs to be

simultaneously reset on the rising edge of the clock. The

•F161A and 'F163A are high-speed versions of the 'F161

and 'F163.

Features
■ Synchronous counting and loading

■ High-speed synchronous expansion

■ Typical count frequency of 120 MHz

Ordering Code: see section 5

Connection Diagrams

Pin Assignment

for DIP, SOIC and Flatpak

•F161A

MR-

CP-

P0-

P1"
P2-

P3-

CEP-

GND-

1

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-TC

-Qo

-Q,

-Q2

-03
-CET

-PE

Pin Assignment

for LCC and PCC

'F161A

p3 p2 nc p, p0

(U (3 GO ID GD

EUTC

03 Ql m|T7] EE

Q3 Q2 NC Q, Qq

Pin Assignment

for DIP, SOIC and Flatpak

'F163A

SR-

CP-

Po-

P1"
p2-

P3-

CEP-

GND-

V,
1

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-TC

-Q2

-Q3
-CET

-PE

Pin Assignment

for LCC and PCC

'F163A

P3 P2 NC P, P0

[U [3 BD \B H

Q3 02 NC Q, Qq

TL/F/9486-8
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Logic Symbols

'F161A

MM

-0

—

—

—

-0

PE

CEP

CET

CP

MR

Po Pi P

Qq Oj (

2 P3

TC

2 Q3

I I I I

'F163A

I I I I

-0

—

—

—

-0

PE

CEP

CET

CP

SR

Po

Qo

Pi

Qi

P2

Q2

P3

TC

Q3

MR-

CET-

CEP-

CP-

IEEE/IEC

'F161A

*

I—
—^—

—

—

—

—

CTRDIV16

CT=O

M1

M2 3CT=15
63

64

>C5/2,3,4+
■1 r

1.5D (1)

(2)

(4)

(8)

IEEE/IEC

'F163A

-TC

•Qo

•Qi

-Q2

-Q3

TL/F/8486-6

SR-

PE-

CET-

CEP-

CP-

-c

CTRDIV16

CT=O

Ml

M2

63

64

>C5/2,

1,50

3CT=

3,4+

0)

(2)

(4)

(8)

=15

r

• TC

-Qo

-Qi

-Q2

-Q3

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

CEP

CET

CP

MR('F161A)

SR('F163A)

P0-P3
PE

Q0-Q3
TC

Description

Count Enable Parallel Input

Count Enable Trickle Input

Clock Pulse Input (Active Rising Edge)

Asynchronous Master Reset Input (Active LOW)

Synchronous Reset Input (Active LOW)

Parallel Data Inputs

Parallel Enable Input (Active LOW)

Flip-Flop Outputs

Terminal Count Output

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/2.0

1.0/1.0

1.0/1.0

1.0/2.0

1.0/1.0

1.0/2.0

50/33.3

50/33.3

Input I|H/I|L

Output Ioh/Iol

20/xA/-0.6mA

20 juA/- 1.2 mA

20 juiA/- 0.6 mA

20fi,A/-0.6mA

20/uiA/-1.2 mA

20|utA/-0.6mA

20 jmA/-1.2 mA

-1 mA/20mA

-1 mA/20mA
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Functional Description
The 'F161A and 'F163A count in modulo-16 binary se

quence. From state 15 (HHHH) they increment to state 0

(LLLL). The clock inputs of ail flip-flops are driven in parallel

through a clock buffer. Thus all changes of the Q outputs

(except due to Master Reset of the 'F161A) occur as a re

sult of, and synchronous with, the LOW-to-HIGH transition

of the CP input signal. The circuits have four fundamental

modes of operation, in order of precedence: asynchronous

reset ('F161A), synchronous reset (T163A), parallel load,

count-up and hold. Five control inputs—Master Reset (MR,

'F161A), Synchronous Reset (SE, T163A), Parallel Enable

(PE), Count Enable Parallel (CEP) and Count Enable Trickle

(CET)—determine the mode of operation, as shown in the

Mode Select Table. A LOW signal on MR overrides all other

inputs and^synchronously forces all outputs LOW. A LOW

signal on SR overrides counting and parallel loading and

allows all outputsJo_go LOW on the next rising edge of CP.

A LOW signal on PE overrides counting and allows informa

tion on the Parallel Data (Pn) inputs to be loaded into the

Mode Select Table

PE CET CEP

L X

H L

H H

H H

H H

X

X

H

L

X

X

X

H

X

L

Action on the Rising

Clock Edge (^~)

Reset (Clear)

Load (Pn-» Qn)

Count (Increment)

No Change (Hold)

No Change (Hold)

•For 'F163A only

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

flip-flops on the next rising edge of CP. With PE and MR

('F161 A) or §R ('F163A) HIGH, CEP and CET permit count

ing when both are HIGH. Conversely, a LOW signal on ei

ther CEP or CET inhibits counting.

The 'F161A and 'F163Ause D-type edge triggered flip-flops

and changing the SR, PE, CEP and CET inputs when the CP

is in either state does not cause errors, provided that the

recommended setup and hold times, with respect to the ris

ing edge of CP, are observed.

The Terminal Count (TC) output is HIGH when CET is HIGH

and the counter is in state 15. To implement synchronous

multi-stage counters, the TC outputs can be used with the

CEP and CET inputs in two different ways. Please refer to

the 'F568 data sheet. The TC output is subject to decoding

spikes due to internal race conditions and is therefore not

recommended for use as a clock or asynchronous reset for

flip-flops, counters or registers.

Logic Equations: Count Enable = CEP • CET • PE

TC = Qrj • Qi • Q2 • Q3 • CET

State Diagram
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ _ ^ .. Atv%WM. T^m «„„* ^

Distributors for availability and specifications. ^Militery TsmPerature _55.c tQ + 125.c
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°Cto +175°C Military +4.5Vto +5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to Vcc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOL (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

I|H

'bvi

IlL

«OS

ICEX

Ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% Vcc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-1.2

-60 -150

250

37 55

Units

V

V

V

V

V

jxA

ixA

mA

mA

mA

MA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

llN = -18 mA

Ioh = -1 mA

•ol = 20 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V (CEP, CP, MR, P0-P3)

V|N = 0.5V (CET, PE, SR)

Vqut = 0V

Vqut = vcc
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tPLH

tpHL

tpLH

tPHL

tpLH

tPHL

tPHL

*PHL

Parameter

Maximum Count Frequency

Propagation Delay

CP to Qn (PE Input HIGH)

Propagation Delay

CP to Qn(PE Input LOW)

Propagation Delay

CP to TC

Propagation Delay

CETtoTC

Propagation Delay

MRtoQn('F161A)

Propagation Delay

MRtoTC('F161A)

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

100 120

3.5 5.5 7.5

3.5 7.5 10.0

4.0 6.0 8.5

4.0 6.0 8.5

5.0 10.0 14.0

5.0 10.0 14.0

2.5 4.5 7.5

2.5 4.5 7.5

5.5 9.0 12.0

4.5 8.0 10.5

54F

TA,VCc = Mil

CL = 50 pF

Min Max

75

3.5 9.0

3.5 11.5

4.0 10.0

4.0 10.0

5.0 16.5

5.0 15.5

2.5 9.0

2.5 9.0

5.5 14.0

4.5 12.5

74F

TA, Vcc = Com

CL = 50 pF

Min Max

90

3.5 8.5

3.5 11.0

4.0 9.5

4.0 9.5

5.0 15.0

5.0 15.0

2.5 8.5

2.5 8.5

5.5 13.0

4.5 11.5

Units

MHz

ns

ns

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-3

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(L)

th(H)

th(D

ts(H)

ts(L)

th(H)

th(L)

tw(H)

tw(U

tw(H)

tw(L)

tw(L)

tree

Parameter

Setup Time, HIGH or LOW

PntoCP

Hold Time, HIGH or LOW

PntoCP

Setup Time, HIGH or LOW

PEorSRtoCP

Hold Time, HIGH or LOW

PEorSRtoCP

Setup Time, HIGH or LOW

CEPorCETtoCP

Hold Time, HIGH or LOW

CEPorCETtoCP

Clock Pulse Width (Load)

HIGH or LOW

Clock Pulse Width (Count)

HIGH or LOW

MR Pulse Width, LOW

('F161A)

Recovery Time

MRtoCP('F161A)

74F

TA= +25°C

VCc = +5.0V

Min Max

5.0

5.0

2.0

2.0

11.0

8.5

2.0

0

11.0

5.0

0

0

5.0

5.0

4.0

6.0

5.0

6.0

54F

ta,Vcc = mii

Min Max

5.5

5.5

2.5

2.5

13.5

10.5

3.6

0

13.0

6.0

0

0

5.0

5.0

5.0

8.0

5.0

6.0

74F

Ta. Vcc = Com

Min Max

5.0

5.0

2.0

2.0

11.5

9.5

2.0

0

11.5

5.0

0

0

5.0

5.0

4.0

7.0

5.0

6.0

Units

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-6

2-4

2-4

2-4

2-6

i
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National

Semiconductor

54F/74F164

Serial-ln, Parallel-Out Shift Register

General Description
The 'F164 is a high-speed 8-bit serial-in/parallel-out shift

register. Serial data is entered through a 2-input AND gate

synchronous with the LOW-to-HIGH transition of the clock.

The device features an asynchronous Master Reset which

clears the register, setting all outputs LOW independent of

the clock.

Features
■ Typical shift frequency of 90 MHz

■ Asynchronous Master Reset

■ Gated serial data input

■ Fully synchronous data transfers

Ordering Code: see section 5

Logic Symbols Connection Diagrams

I I

Pin Assignment for

DIP,SOICandFlatpak

-OMR

CP

Qo Qj Q2 Q3 Q4 Q5 Q6 Q7

I I I I I I I I
TL/F/9487-3

MR *

CP

A

IEEE/IEC

SRG8

R

'I-

A-

B-

Qi-

02-

03-
GND-

2

3

4

5

6

7

14

13

12

11

10

9

8

Pin Assignment

forLCCandPCC

02 KC Qt NC

E 0

-Q7

-06

-Q4

-MR

-CP

Q4 NC 05 NC Q6

-92

-Q3

-Q4

-Q5

-06

-0?

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

A,B

CP

MR

Q0-Q7

Description

Data Inputs

Clock Pulse Input (Active Rising Edge)

Master Reset Input (Active LOW)

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

Input I,h/I|l

Output Ioh/Iol

20 juiA/-0.6 mA

20 /xA/- 0.6 mA

20 juA/-0.6 mA

-1 mA/20mA
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Functional Description
The 'F164 is an edge-triggered 8-bit shift register with serial

data entry and an output from each of the eight stages. Data

is entered serially through one of two inputs (A or B); either

of these inputs can be used as an active HIGH Enable for

data entry through the other input. An unused input must be

tied HIGH.

Each LOW-to-HIGH transition on the Clock (CP) input shifts

data one place to the right and enters into Qo the logical

AND of the two data inputs (A • B) that existed before the

rising clock edge. A LOW level on the Master Reset (MR)

input overrides all other inputs and clears the register asyn-

chronously, forcing all Q outputs LOW.

Logic Diagram

Mode Select Table 2

Operating

Mode

Reset (Clear)

Shift

Inputs

MR

L

H

H

H

H

A B

X X

I I

I h

h I

h h

Outputs

Qo

L

L

L

L

H

Q1-Q7

L-L

qo-qe

qo-q6

qo-qe

qo-qe

H(h) = HIGH Voltage Levels

L(l) = LOW Voltage Levels

X = Immaterial

qn = Lower case letters indicate the state of the referenced input or output

one setup time prior to the LOW-to-HIGH clock transition.

•-CxJ-

D Q -

Co

-<£*> 1

Jr
D Q -

Co [r Co

r
Co

r
Co

r

D Q -

Co

r
Co

r

D Q

Co

Qo Qi Q2 Qs <>4 Q5 Qs 0?

TL/F/9487-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ p«»AirAmhtantT«mn«BhM
Distributors for availability and spedflcaUons. Free^rAmbient Temperature _55.cto+12£,c

Storage Temperature -65°Cto +150°C Commercial 0°Cto + 70°C

Ambient Temperature under Bias -55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VGc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOL (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

I|H

•bvi

IlL

los

'CEX

ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F10%VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

35 55

Units

V

V

V

V

V

^A

mA

mA

,xA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

llN = -18 mA

ooo IIIII! III IIIIol = 20 mA

Iql — 20 mA

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V

VouT = 0V

V0UT = Vcc

CP = HIGH

MR = GND, A, B = GND
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpHL

Parameter

Maximum Clock Frequency

Propagation Delay

CPtoQn

Propagation Delay

MRtoQn

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Mln Typ Max

80 90

3.5 6.0 8.0

5.0 7.5 10.0

5.5 10.5 13.0

54F

TA,Vcc = MII

CL = 50pF

Mln Max

50

3.5 11.0

4.0 13.0

5.5 16.0

74F

TA, VCc = Com

CL = 50pF

Min Max

80

4.5 9.0

5.0 11.0

5.5 14.0

Units

MHz

ns

ns

Fig

No

2-1

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(U

th(H)

th(L)

tw(H)

tw(U

tw(L)

tree

Parameter

Setup Time, HIGH or LOW

A or B to CP

Hold Time, HIGH or LOW

AorBtoCP

CP Pulse Width

HIGH or LOW

MR Pulse Width, LOW

Recovery Time

MRtoCP

74F

TA= +25°C

VCc = +5.0V

Mln Max

7.0

7.0

1.0

1.0

4.0

7.0

7.0

7.0

54F

TA,Vcc = MII

Min Max

7.0

7.0

1.0

1.0

4.0

7.0

7.0

7.0

74F

Ta. Vcc = Com

Min Max

7.0

7.0

1.0

1.0

4.0

7.0

7.0

7.0

Units

ns

ns

ns

ns

Fig

No

2-6

2-4

2-4

2-6
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National
Semiconductor

54F/74F168 • 54F/74F169

4-Stage Synchronous Bidirectional Counters

General Description
The 'F168 and 'F169 are fully synchronous 4-stage up/

down counters. The 'F168 is a BCD decade counter; the

'F169 is a modulo-16 binary counter. Both feature a preset

capability for programmable operation, carry lookahead for

easy cascading and a U/D input to control the direction of

counting. All state changes, whether in counting or parallel

loading, are initiated by the LOW-to-HIGH transition of the

clock.

Features
■ Asynchronous counting and loading

■ Built-in lookahead carry capability

■ Presettable for programmable operation

Ordering Code: see section 5

Logic Symbols

-0
—

-0

-c
—

PE

U/D

CEP

CET

CP

Po Pi

Q0 Q,

P2 P3

TC

Q2 Q3

Connection Diagrams

Pin Assignment for

DIP,SOICandFlatpak

T\ \\

PE

U/D

CET

CEP

CP

Po

Pi

P2

P3

IEEE/IEC

'F168

■c

—*

—*

r
—

—

—

—

CTRDIV10

M1 (LOAD)

M2 (COUNT)

M3 (UP)

M4 (DOWN)

G5 3,5CT = 9

G6 4.5,CT = 0

>2,3,5,6*/C7

> 2.4.5,6-

■ s
1.7D (1)

(2)

(4)

(8)

•F169

CET-

Cff-

CP-f-

-Q,

-Q2

-Q3

Pi-

P2

M1 (LOAD)

M2 (COUNT)

3.5CT=15

)
65

66

>2.3.5.6*/C7

> 2,4,5,6-

T

1.7D (1)

(2)

(4)

(8)

U/D-

CP-

Po-

Pt-

P2—

P3-

CEP-

GND-

V.

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

vcc

-fc

-Qt

-02

-CET

-PE

-TC

Pin Assignment

for LCC and PCC

P3 P2 NC Pt P0
III 0 E 111 H

Q1

Q2

Q3

CETQU

][CC

;gi]tc

Q3Q2NCQ1Q0
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

CEP

CET

CP

P0-P3
PE

U/D

Q0-Q3
TO

Description

Count Enable Parallel Input (Active LOW)

Count Enable Trickle Input (Active LOW)

Clock Pulse Input (Active Rising Edge)

Parallel Data Inputs

Parallel Enable Input (Active LOW)

Up-Down Count Control Input

Flip-Flop Outputs

Terminal Count Output (Active LOW)

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/2.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

50/33.3

Input Iih/'il

Output Ioh/Iol

20 jaA/- 0.6 mA

20jbtA/-1.2mA

20jiA/-0.6mA

20 fiA/ -0.6 mA

20 fiA/ -0.6 mA

20 fiA/-0.6 mA

-1 mA/20mA

-1 mA/20mA

s

Functional Description
The 'F168 and 'F169 use edge-triggered J-K type flip-flops

and have no constraints on changing the control or data

input signals in either state of the clock. The only require

ment is that the various inputs attain the desired state at

least a setup time before the rising edge of the clock and

remain valid for the recommended hold time thereafter. The

parallel load operation takes precedence over other opera-

tions, as indicated in the Mode Select Table. When PE is

LOW, the data on the P0-P3 inputs enters the flip-flops on

the next rising edge of the clock. In order forcounting to

occur, both CEP and CET must be LOW and PE must be

HIGH; the U/D input then determines the direction of count

ing. The Terminal Count (TC) output is normally HIGH and

goes LOW, provided that CET is LOW, when a counter

reaches zero in the Count Down mode or reaches 9 (15 for

Logic Diagram

the 'F169) in the Count Up mode. The TO output state is not

a function of the Count Enable Parallel (CEP) input level.

The TO output of the 'F168 decade counter can also be

LOW in the illegal states 11, 13, and 15, which can occur

when power is turned on or via parallel loading. If an illegal

state occurs, the 'F168 will returnJo the legitimate se

quence within two counts. Since the TC signal is derived by

decoding the flip-flopjtates, there exists the possibility of

decoding spikes on TC. For this reason the use of TO as a

clock signal is not recommended (see logic equations be

low).

1) Count Enable = CEP • OeT • PE

2) Up: ('F168): TO = Qo • Q1 • Q2 • Q3 • (Up) • OeT

(•F169): TC = Qo • Q1 • Q2 • Q3 • (Up) • 0ET

3) Down: TO = Qo • Q1 • Cfe • Q3 • (Down) • CET

•F168

|00 |0, |02 |Qj TL/F/8488-4

Please note that these diagrams are provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Logic Diagram (continued)

'F169

K |Qi |o2 |o3

TL/F/9488-5

Please note that these diagrams are provided only for the understanding of logic operations and should not be used to estimate propagation delays.

Mode Select Table

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

PE

L

H

H

H

H

CEP

X

L

L

H

X

CET

X

L

L

X

H

U/D

X

H

L

X

X

Action on Rising

Clock Edge

Load(Pn -► Qn)

Count Up (Increment)

Count Down (Decrement)

No Change (Hold)

No Change (Hold)

State Diagrams

T168

- Count Down

- Count Up

'F169

- - *• Count Down

—*• Count Up

TL/F/9488-7
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ FrQ0 Ajf AmbiQnt Temperature

Distributors for availability and specifications. Mjljtary H _55oC t0 + 125oC

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°Cto+175°C Military +4.5Vto+5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) - 0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current iimit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

llH

'bvi

IlL

«OS

ICEX

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%Vcc

Voltage 74F10%VCC

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-1.2

-60 -150

250

35 52

Units

V

V

V

V

V

HA

jttA

mA

mA

pA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

Ilisj = -18 mA

•oh = ~1 mA
IOh= -1mA

'oh = —1 mA

Iol = 20 mA

Iql = 20 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V (except GET)

V|N = 0.5V (CET)

V0UT = 0V

VOUT = VCC

Vo = LOW

00

s

4-133



'F168

AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpLH

tpHL

tpi_H

*PHL

tpLH

tpHL

Parameter

Maximum Count Frequency

Propagation Delay

CPtoQn(PEHIGHorLOW)

Propagation Delay

CPtoTC

Propagation Delay

UETtoTC

Propagation Delay

U/DtoTC

74F

TA= +25°C

VCc = +5.0V

CL = 50 pF

Mln Typ Max

100 115

3.0 6.5 8.5

4.0 9.0 11.5

5.5 12.0 15.5

4.0 8.5 11.0

2.5 4.5 6.0

2.5 6.0 8.0

3.5 8.5 11.0

4.0 12.5 16.0

54F

CL = 50 pF

Min Max

74F

CL = 50 pF

Min Max

90

3.0 9.5

4.0 13.0

5.5 17.0

4.0 12.5

2.5 7.0

2.5 9.0

3.5 12.5

4.0 18.0

Units

MHz

ns

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(L)

th(H)

th(D

ts(H)

ts(L)

th(H)

th(U

tw(H)

tw(L)

Parameter

Setup Time, HIGH or LOW

PntoCP

Hold Time, HIGH or LOW

PntoCP

Setup Time, HIGH or LOW

CEPorCETtoCP

Hold Time, HIGH or LOW

eiPorCETtoCP

Setup Time, HIGH or LOW

PEtoCP

Hold Time, HIGH or LOW

PEtoCP

Setup Time, HIGH or LOW

U/DtoCP

Hold Time, HIGH or LOW

U/DtoCP

CP Pulse Width

HIGH or LOW

74F

TA=+25"C

VCc= +5.0V

Mln Max

4.0

4.0

5.0

5.0

0

0

8.0

8.0

0

0

11.0

16.5

0

0

5.0

5.0

54F

TA,VCC = MM

Mln Max

74F

TA, VCc = Com

Mln Max

4.5

4.5

COCO enen6.0

6.0

0

0

9.0

9.0

0

0

12.5

18.0

0

0

5.5

5.5

Units

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-6

2-6

2-4
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'F169

AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpLH

tpHL

tpLH

*PHL

*PLH

tpHL

Parameter

Maximum Count Frequency

Propagation Delay

CPtoQn(PEHIGHorLOW)

Propagation Delay

CPtoTC

Propagation Delay

CETtoTC

Propagation Delay

U/DtoTC

74F

TA= +25°C

VCc= +5.0V

CL=50pF

Mln Typ Max

90

3.0 6.5 8.5

4.0 9.0 11.5

5.5 12.0 15.5

4.0 8.5 12.5

2.5 4.5 6.5

2.5 8.5 11.0

3.5 8.5 11.5

4.0 8.0 12.0

54F

TA,Vcc = MII

CL = 50 pF

Mln Max

60

3.0 12.0

4.0 16.0

5.5 20.0

4.0 15.0

2.5 9.0

2.5 12.0

3.5 16.0

4.0 14.0

74F

TA,VCC = Com

CL = 50 pF

Min Max

70

3.0 9.5

4.0 13.0

5.5 17.5

4.0 13.0

2.5 7.0

2.5 12.0

3.5 12.5

4.0 13.0

Units

MHz

ns

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(L)

th(H)

th(U

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(U

th(H)

th(U

tw(H)

tw(U

Parameter

Setup Time, HIGH or LOW

PntoCP

Hold Time, HIGH or LOW

PntoCP

Setup Time, HIGH or LOW

CEPorCETtoCP

Hold Time, HIGH or LOW

CEPorCETtoCP

Setup Time, HIGH or LOW

PEtoCP

Hold Time, HIGH or LOW

PEtoCP

Setup Time, HIGH or LOW

U/DtoCP

Hold Time, HIGH or LOW

U/DtoCP

CP Pulse Width

HIGH or LOW

74F

TA= +25°C

VCc= +5.0V

Mln Max

4.0

4.0

3.0

3.0

7.0

5.0

0

0.5

8.0

8.0

0

0

11.0

7.0

0

0

4.0

7.0

54F

TA,Vcc=MII

Min Max

4.5

4.5

3.5

3.5

8.0

8.0

0

1.0

10.0

10.0

1.0

0

14.0

12.0

0

0

6.0

9.0

74F

TA,VCC = Com

Min Max

4.5

4.5

3.5

3.5

8.0

6.5

0

0.5

9.0

9.0

0

0

12.5

8.5

0

0

4.5

8.0

Units

ns

ns

ns

ns

ns

Rg

No

2-6

2-6

2-6

2-6

2-4
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National
Semiconductor

54F/74F174 Hex D Flip-Flop with Master Reset

General Description
The 'F174 is a high-speed hex D flip-flop. The device is

used primarily as a 6-bit edge-triggered storage register.

The information on the D inputs is transferred to storage

during the LOW-to-HIGH clock transition. The device has a

Master Reset to simultaneously clear all flip-flops.

Features
■ Edge-triggered D-type inputs

■ Buffered positive edge-triggered clock

■ Asynchronous common reset

Ordering Code: see sections

Logic Symbols

I I I I I I I

Connection Diagrams

Pin Assignment for

DIP, SOIC and Flatpak

Pin Assignment

forLCCandPCC

CP

MR

•b 0,

Qo Qi

0, 0,

Q( Q2

03

Q3

D4

Q4

h

Q5

I I I I I I I
TL/F/9489-3

MR—£*

CP

DO

D,

D2

D3

D4

D5

IEEE/IEC

>C1

■ r
1D

MR-

Qo-

D0-
o,-

Q,-

D2-

Q2-

6ND-

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-Q5
-D3

—Q2

—Q3

—Q*

—Q5

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

D0-D5

CP

MR

Q0-Q5

Description

Data Inputs

Clock Pulse Input (Active Rising Edge)

Master Reset Input (Active LOW)

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

Input I|H/I|L

Output Ioh/'ol

20 jaA/- 0.6 mA

20 jutA/-0.6 mA

20 /aA/- 0.6 mA

-1 mA/20mA
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Functional Description

The 'F174 consists of six edge-triggered D flip-flops with

individual D inputs and Q outputs. The Clock (CP) and Mas

ter Reset (MR) are common to all flip-flops. Each D input's

state is transferred to the corresponding flip-flop's output

following the LOW-to-HIGH_Clock (CP) transition. A LOW

input to the Master Reset (MR) will force all outputs LOW

independent of Clock or Data inputs. The 'F174 is useful for

applications where the true output only is required and the

Clock and Master Reset are common to all storage ele

ments.

Logic Diagram

Truth Table

Inputs

MR CP Dn

L X X

H ./- H

H ^/~ L

Outputs

Qn

L

H

L

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

_/" = LOW-to-HIGH Clock Transition

P—D Q

-OCP

Q5 Q4 Q3 Q2 Qi Qo

TL/F/9489-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ crflflAirAmkiantTflmnn™in«
Distributors for availability and specifications. Fre^^rAmb.ent Temperature _^^^^

Storage Temperature - 65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias —55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE® Output -0.5V to -I- 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOL (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

VOH

VOL

I|H

•bvi

IlL

k>s

ICEX

'CCH

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F5%VCc

Output LOW 54F10%VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

30 45

30 45

Units

V

V

V

V

V

^A

jaA

mA

mA

laA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

Ioh = -1 rnA

'OH = ~1 mA

Ioh = -1 rnA

Iol = 20 mA

Iol = 20 mA

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 0V

VoUT = VCC

CP = _^

Dn = MR = HIGH

Vo = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpHL

Parameter

Maximum Clock Frequency

Propagation Delay

CP to Qn

Propagation Delay

MRtoQn

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

80

3.5 5.5 8.0

4.0 7.0 10.0

5.0 10.0 14.0

54F

TA,Vcc = M!l

CL = 50pF

Min Max

70

3.0 10.0

4.0 12.0

5.0 16.0

74F

TA,VCc = Com

CL = 50pF

Min Max

80

3.5 9.0

4.0 11.0

5.0 15.0

Unite

MHz

ns

ns

Fig

No

2-1

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(U

th(H)

th(L)

tw(H)

tw(U

tw(D

tree

Parameter

Setup Time, HIGH or LOW

DntoCP

Hold Time, HIGH or LOW

DntoCP

CP Pulse Width

HIGH or LOW

MR Pulse Width, LOW

Recovery Time, MR to CP

74F

TA= +25°C

VCc= +5.0V

Mln Max

4.0

4.0

0

0

4.0

6.0

5.0

5.0

54F

Ta. VCc = Mil

Min Max

5.0

5.0

2.0

2.0

5.0

7.5

6.5

6.0

74F

Ta. VCc = Com

Min Max

4.0

4.0

0

0

4.0

6.0

5.0

5.0

Units

ns

ns

ns

Fig

No

2-6

2-4

2-4

2-6
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National

Semiconductor

54F/74F175 Quad D Flip-Flop

General Description
The 'F175 is a high-speed quad D flip-flop. The device is

useful for general flip-flop requirements where clock and

clear inputs are common. The information on the D inputs is

stored during the LOW-to-HIGH clock transition. Both true

and complemented outputs of each flip-flop are provided. A

Master Reset input resets all flip-flops, independent of the

Clock or D inputs, LOW.

Features
■ Edge-triggered D-type inputs

■ Buffered positive edge-triggered clock

■ Asynchronous common reset

■ True and complement output

Ordering Code: see section 5

Logic Symbols Connection Diagrams

CP

oo—

D,

D2

03

R

ID

IEEE/IEC

r

Pin Assignment for

DIP,SOICandFlatpak

*— Q,

MR-

Qo-

Qo-

Do-

D,-

Q,-

Q,-

GND-

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

Pin Assignment

for LCC and PCC

Qi D1 NC Dq Qq

BO [3 QD m H

-Q3

-Q3

-03

-D2

-Q2

-Q2

02 02 NC D3 Q3

03

Q3

CP

MR

Do

Qo Qo

D

Qi

1

Qi

D2 D3

Q2 Q2 Q3 Q3

?T? rn ? 1
TL/F/9490-3

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

D0-D3

CP

MR

Q0-Q3

Q0-Q3

Description

Data Inputs

Clock Pulse Input (Active Rising Edge)

Master Reset Input (Active LOW)

True Outputs

Complement Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

50/33.3

input I|H/I|l

Output Ioh/'ol

20 juiA/-0.6 mA

20fiA/-0.6mA

2011A/ -0.6 mA

-1 mA/20mA

-1 mA/20mA
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Functional Description
The 'F175 consists of four edge-triggered D flip-flops with

individual D inputs and Q and Q outputs. The Clock and

Master Reset are common. The four flip-flops will store the

state of their individual D inputs on the LOW-to-HIGH clock

(CP) transition, causing individual Q and Q outputs to follow.

A LOW input onjthe Master Reset (MR) will force all Q out

puts LOW and Q outputs HIGH independent of Clock or

Data inputs. The 'F175 is useful for general logic applica

tions where a common Master Reset and Clock are accept

able.

Logic Diagram

MR CP D3 D2

Truth

MR

L

H

H

Table

Inputs

CP

X

Dn

X

H

L

Qn

L

H

L

Outputs

On

H

L

H

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

_/" = LOW-to-HIGH Clock Transition

Q3Q3 Q2 Q2 Qi °-i Qo Qo
TL/F/9480-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature -65°C to +150°C

Ambient Temperature under Bias - 55°C to +125°C

Junction Temperature under Bias - 55°C to +175°C

VCc Pin Potential to

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

Symbol

V|H

V|L

VCD

V0H

V0L

>IH

'bvi

IlL

los

'CEX

ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

22.5 34.0

Units

V

V

V

V

V

liA

,A

mA

mA

liA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

IIIIII III III
Iql = 20 mA

Iql = 20 mA

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V

Vout = 0V

VOUT = VCC

CP = ^

Dn = MR = HIGH
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tPLH

tpHL

tpHL

tPLH

Parameter

Maximum Clock Frequency

Propagation Delay

CPtoQnOrQn

Propagation Delay

MRtoQn

Propagation Delay

MRtoQn

74F

TA= +25X

VCc = +5.0V

CL = 50pF

Min Typ Max

100 140

4.0 5.0 6.5

4.0 6.5 8.5

4.5 9.0 11.5

4.0 6.5 8.0

54F

Ta,vcc = mii

CL = 50 pF

Min Max

80

3.5 8.5

4.0 10.5

4.5 15.0

4.0 10.0

74F

TAi VCC = Com

CL = 50 pF

Min Max

100

4.0 7.5

4.0 9.5

4.5 13.0

4.0 9.0

Units

MHz

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

tw(H)

tw(L)

tw(L)

W

Parameter

Setup Time, HIGH or LOW

DntoCP

Hold Time, HIGH or LOW

DntoCP

CP Pulse Width

HIGH or LOW

MR Pulse Width, LOW

Recovery Time, MR to CP

74F

TA= +25°C

VCc= +5.0V

Min Max

3.0

3.0

1.0

1.0

4.0

5.0

5.0

5.0

54F

TA,Vcc = MII

Min Max

3.0

3.0

1.0

1.0

4.0

5.0

5.0

5.0

74F

Ta, Vqc = Com

Min Max

3.0

3.0

1.0

1.0

4.0

5.0

5.0

5.0

Units

ns

ns

ns

ns

Fig

No

2-6

2-4

2-4

2-6
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National
Semiconductor

54F/74F181

4-Bit Arithmetic Logic Unit

General Description
The 'F181 is a 4-bit Arithmetic logic Unit (ALU) which can

perform all the possible 16 logic operations on two variables

and a variety of arithmetic operations. It is 40% faster than

the Schottky ALU and only consumes 30% as much power.

Features
■ Full lookahead for high-speed arithmetic operation on

long words

Ordering Code: see section 5

Logic Symbols

Actlve-HIGH Operands

Ag Bq Aj Bf A2 B2 A3 B3

A=B

G

P

Y Y Y Y

Actlve-LOW Operands

I I I I I I I I

—

—

—

Cfl AqBo

M

s0

Si

Aj Bf A2 B2 A3

F, F2 F

B3 c^

A=B

G

P

3

i 1 I r

so—

S1

s2—

S3—
M

cn —-

A,-*

A3-^

o"

4

Cl

P

Q

P

Q

P

Q

P

Q

IEEE/IEC

ALU

(O...15)CP

M|j (O...15)CG
6(P=Q) &

(0...15)CO

r

0)

(2)

(4)

(8)

6

— A=B

Connection Diagrams

Pin Assignment

forDIP,SOICandFlatpak

Bo"

h~
S3-

s2-

st-

so-
cn-

M-

Ft—

h-
GND-

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

cc

-A,

-A3

-G

-A=B

Pin Assignment

for LCC and PCC

F0 M Cn NC S0 S, S2

03 go] \9] [U [7] d] go

B3NCA3B2A2
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

A0-A3

B0-B3

S0-S3

M

Cn

F0-F3

A = B

G

P

Cn + 4

Description

A Operand Inputs (Active LOW)

B Operand Inputs (Active LOW)

Function Select Inputs

Mode Control Input

Carry Input

Function Outputs (Active LOW)

Comparator Output

Carry Generate Output (Active LOW)

Carry Propagate Output (Active LOW)

Carry Output

54F/74F

U.L.

HIGH/LOW

1.0/3.0

1.0/3.0

1.0/4.0

1.0/1.0

1.0/5.0

50/33.3

OCV33.3

50/33.3

50/33.3

50/33.3

Input I|H/I|L

Output Ioh/Iol

20 jxA/- 1.8 mA

20 juiA/-1.8 mA

20 fxA/—2.4 mA

20^/-0.6 mA

20 jaA/- 3.0 mA

-1mA/20mA

V20 mA

-1 mA/20mA

-1 mA/20mA

-1mA/20mA

•OC-Open Collector

Functional Description
The 'F181 is a 4-bit high-speed parallel Arithmetic Logic

Unit (ALU). Controlled by the four Function Select inputs

(S0-S3) and the Mode Control input (M), it can perform all

the 16 possible logic operations or 16 different arithmetic

operations on Active HIGH or Active LOW operands. The

Function Table lists these operations.

When the Mode Control input (M) is HIGH, all internal car

ries are inhibited and the device performs logic operations

on the individual bits as listed. When the Mode Control input

is LOW, the carries are enabled and the device performs

arithmetic operations on the two 4-bit words. The device

incorporates full internal carry lookahead and provides for

either ripple carry between devices using the Cn + 4 output,

or for carry lookahead between packages using the signals

P (Carry Propagate) and G (Carry Generate), jn the Add

mode, P indicates that F is 15 or more, while G indicates

that F is 16 or more. In the Subtract mode P indicates that F

is zero or less, while G indicates that F is less than zero. P

and G are not affected by carry in. When speed require

ments are not stringent, the 'F181 can be used in a simple

Ripple Carry mode by connecting the Carry output (Cn+4)

signal to the Carry input (Cn) of the next unit. For high speed

operation the device is used in conjunction with a carry look-

ahead circuit. One carry lookahead package is required for

each group of four 'F181 devices. Carry lookahead can be

provided at various levels and offers high speed capability

over extremely long word lengths.

The A= B output from the device goes HIGH when all four F

outputs are HIGH and can be used to indicate logic equiva

lence over four bits when the unit is in the Subtract mode.

The A=B output is open collector and can be wired AND

with other A=B outputs to give a comparison for more than

four bits. The A=B signal can also be used with the Cn+4

signal to indicate A>B and A<B.

The Function Table lists the arithmetic operations that are

performed without a carry in. An incoming carry adds a one

to each operation. Thus, select code LHHL generates A

minus B minus 1 (2s complement notation) without a carry

in and generates A minus B when a carry is applied. Be

cause subtraction is actually performed by complementary

addition (1s complement), a carry out means borrow; thus a

carry is generated when there is no underflow and no carry

is generated when there is underflow. As indicated, this de

vice can be used with either active LOW inputs producing

active LOW outputs or with active HIGH inputs producing

active HIGH outputs. For either case the table lists the oper

ations that are performed to the operands labeled inside the

logic symbol.
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ crMA!rAmhianiTamM«ihM
Dl,trlbu.orsforava..ab.I^and,pec,«ca«.ons. Free^rAmb,ent Temperature _^+^

Storage Temperature - 65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to -t 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

VOH

VOL

I|H

.,H

IlL

los

ICEX

'OHC

'CCH

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F5%VCC

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Open Collector, Output

OFF Leakage Test

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-1.8

-2.4

-3.0

-60 -150

250

250

43 65.0

43 65.0

Units

V

V

V

V

V

jutA

JLtA

mA

mA

j*A

,A

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Min

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'in = —18 mA

Ioh = -1 mA

Ioh = -1 mA

Ioh = -1 mA

Iol = 20 mA

Iol = 20 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V (M)

V,N = O.5V(Ao,A1,A3,Bo>B1,B3)

V|N = 0.5V(Sn,A2fB2)

V,N = 0.5V(Cn)

VOUT = 0V(Fn,G,P,Cn+4)

Vo = VCc(Fn,Q,P,Cn+4)

Vo = VCc (A = B)

Vo = HIGH

Vo = LOW
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_ cn

M

s0

S1

S2

S3

—

n

M

s0

Si

2
3

—

—

n
M

s0

Si

s2

S3

—o

—

—

Cn

M

s0

S«1

2

11111111
OOOOOOOO

An Bo A, B, A2 B2 A3 B3

•F181

Fo Ft F2 F3

q O Q Q
T T T T

a. All Input Data Inverted

I I I I I I I I
Aq Bq Aj Bj A2 B2 A3 B3

'F181

Fo Ft F2 F3

1 1 1 1
b. Alt Input Data True

A 1 A 1 A 1 A 1
Ag Bq A) B1 A2 B2 A3 B3

'F181

F0 Fi h h

O O O O

c. A Input Data Inverted;

B Input Data True

1 Al Al Al A
Aa Bo A, Bi A, B, A, Bt

«l v 1 1 L Z O O

T181

Fo F1 F2 F3

1 1 1 11 1 1 1

d. A Input Data True;

B Input Date Inverted

c

n*4

A=B

G

P

0-

Cn*4

A=B

G

P

0-

Cn+4

A=B

G

P

"~

0-

0-

Cn+4

A=B

G

p

0-

So

L

H
1

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

Table 5-2'

Si

L

L
11

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

S2

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

F181 Operation Tables

S3

L

L

L

L

L

L

L

L

H

H

H

H

H

H

H

H

L

L

L

L

L

L

L

L

H

H

H

H

H

H

H

H

L

L

L

L

L

L

L

L

H

H

H

H

H

H

H

H

L

L

L

L

L

L

L

L

H

H

H

H

H

H

H

H

Logic

(M = H)

A

A*B

A + B

Logic "1"

A+B

B

A~e~B

A+B

A*B

AeB

B

A+B

Logic "0"

A«B

A»B

A

A

A~+"B

A«B

Logic "0"

A • B

B

AeB

A*B

A + B

AeB

B

A*B

Logic "1"

A + B

A + B

A

A

A+B

A«B

Logic "1"

A.B

B

AeB

A+B

ATI

AeB

B

A+B

Logic "0"

A.B

A*B

A

A

A.B

aTb

Logic "0"

A + B

B

AeB

A*B

A«B

AeB

B

A*B

Logic "1"

A + B

A + B

A

Arithmetic

(M = L,C0= Inactive)

A minus 1

A • B minus 1

A • B minus 1#» \J 11 III IUO 1

minus 1 (2s comp.)

A plus (A + B)

A • B plus (A + B)

A minus B minus 1

A + B

A plus (A + B)

A plus B

A • B plus (A + B)

A+B

A plus A (2 X A)

A plus A • B

A plus A • I

A

A

A + B

A+B

minus 1 (2s comp.)

A plus (A •B)

A • B plus (A + B)

A minus B minus 1

A • B minus 1

AplusA*B

A plus B

A»Bplus(A + B)

A • B minus 1

A plus A (2 X A)

A plus (A+B)

A plus (A + B)

A minus 1

A minus 1

A • B minus 1

A • B minus 1

minus 1 (2s comp.)

A plus (A + B)

A«Bplus(A+ B)

A plus B

A + B

A plus (A + B)

A minus B minus 1

A • B plus (A + B)

A + B

A plus A (2 X A)

AplusA*B

A plus A • B

A

A

A + B

A + B

minus 1 (2s comp.)

A plus A • B

A • B plus (A + B)

A plus B

A • B minus 1

AplusA*B

A minus B minus 1

A*Bplus(A + B)

A • B minus 1

A plus A (2 x A)

A plus (A+B)

A plus (A + B)

A minus 1

Arithmetic

(M = L,C0=Active)

A

A*B

A*B

Zero

A plus (A + B) plus 1

A • B plus (A + B) plus 1

A minus B

A + Bplusi

A plus (A + B plus 1

A plus B plus 1

A • B plus (A + B) plus 1

A + B plus 1

A plus A (2 x A) plus 1

A plus A • B plus 1

A plus A • I plus 1

A plus 1

A plus 1

A + B plus 1

A + Bplusi

Zero

A plus A • B plus 1

A • B plus (A + B) plus 1

A minus B

A«B

A plus A • B plus 1

A plus B plus 1

A • B plus (A + B) plus 1

A*B

A plus A (2 X A) plus 1

A plus (A+B) plus 1

A plus (A+B) plus 1

A

A

A*B

A-B

Zero

A plus (A + B) plus 1

A • B plus (A + B) plus 1

A plus B plus 1

A + B plus 1

A plus (A + B) plus 1

A minus B

A • B plus (A + B) plus 1

A + B plus 1

A plus A (2 x A) plus 1

A plus A • Bplusi

A plus A • B plus 1

A plus 1

A plus 1

A + B plus 1

A + B plus 1

Zero

A plus A • B plus 1

A«Bplus(A + B)plus1

A plus B plus 1

A*B

A plus A • B plus 1

A minus B

A*Bplus(A + B)plus1

A.B

A plus A (2 X A) plus 1

A plus (A+B) plus 1

A plus (A+B) plus 1

A
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpLH

tpHL

tpi_H

tpHL

tpLH

tpHL

tPLH

tPHL

tpLH

tPHL

tpLH

tPHL

*PLH

tpHL

*PLH

tPHL

tpLH

tPHL

tpi_H

tPHL

tpLH

tPHL

*PLH

tPHL

tpLH

tPHL

tPLH

tPHL

Parameter

Path Mode

Propagation Delay

Cnt0Cn + 4

Propagation Delay

AorBtoCn + 4 Sum

Propagation Delay

AorBtoCn + 4 Dif

Propagation Delay

Cn to F Any

Propagation Delay

A or B or (a Sum

Propagation Delay

AorBtoQ Dif

Propagation Delay

A or B to P Sum

Propagation Delay

AorBtoP Dif

Propagation Delay

Aj or Bj to F| Sum

Propagation Delay

AiOrBjtoFj Dif

Propagation Delay

Any A or B to Any F Sum

Propagation Delay

Any A or B to Any F Dif

Propagation Delay

A or B to F Logic

Propagation Delay

AorBtoA = B Dif

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

3.0 6.4 8.5

3.0 6.1 8.0

5.0 10.0 13.0

4.0 9.4 12.0

5.0 10.8 14.0

5.0 10.0 13.0

3.0 6.7 8.5

3.0 6.5 8.5

3.0 5.7 7.5

3.0 5.8 7.5

3.0 6.5 8.5

3.0 7.3 9.5

3.0 5.0 7.0

3.0 5.5 7.5

3.0 5.8 7.5

4.0 6.5 8.5

3.0 7.0 9.0

3.0 7.2 10.0

3.0 8.2 11.0

3.0 5.0 11.0

4.0 8.0 10.5

4.0 7.8 10.0

4.5 9.4 12.0

3.5 9.4 12.0

4.0 6.0 9.0

4.0 6.0 10.0

11.0 18.5 27.0

6.0 9.8 12.5

54F

TA,Vcc = MII

CL = 50pF

Min Max

3.0 10.0

3.0 9.5

5.0 15.5

3.5 16.5

5.0 17.0

4.0 15.0

2.5 16.0

2.5 12.0

2.5 9.0

2.5 9.5

2.5 11.5

2.5 11.0

2.5 8.5

3.0 9.5

2.5 11.0

3.0 11.0

3.0 14.5

3.0 14.5

3.0 17.5

3.0 14.5

3.5 16.5

4.0 13.5

3.5 17.5

3.0 14.0

3.5 14.5

3.0 15.5

8.0 35.0

5.5 21.0

74F

Ta, VCc = Com

CL = 50 pF

Min Max

3.0 9.5

3.0 9.0

5.0 14.0

4.0 13.0

5.0 15.0

5.0 14.0

3.0 9.5

3.0 9.5

3.0 8.5

3.0 8.5

3.0 9.5

3.0 10.5

3.0 8.0

3.0 8.5

3.0 8.5

4.0 9.5

3.0 10.0

3.0 10.0

3.0 12.0

3.0 12.0

4.0 11.5

4.0 11.0

4.5 13.0

3.5 13.0

4.0 10.0

4.0 11.0

11.0 29.0

6.0 13.5

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

WO
No

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3
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National

Semiconductor

54F/74F182

Carry Lookahead Generator

General Description
The 'F182 is a high-speed carry lookahead generator, it is

generally used with the 'F181 or 'F381 4-bit arithmetic logic

units to provide high-speed lookahead over word lengths of

more than four bits.

Features
■ Provides lookahead carries across a group of four

ALUs

■ Multi-level lookahead high-speed arithmetic operation

over long word lengths

Ordering Code: see section 5

Logic Symbols Connection Diagrams

Z1

G2/Z10

Z3

G4

Z5

G6

Z7

G8

Z9

IEEE/IEC

CPG

1.2-

3-

1,2,4-

3,4-

5-

1.2,4,6-

3,4,6-

5,6-

7-

I ^1

10.4,6,8

3,4,6,8-

5.6.8-

7.8-

9-

Pin Assignment for

DIP.SOICandFlatpak

pt-

pQ-

63-

P3-
P-

GND-

V.

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-vcc

-h
-G2

-G

Pin Assignment

forLCCandPCC

P3 % NC P0 Go

111 tzi m in h

AA
GO-

1 1 r

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

cn_

Go.^2

Si
s3

P0.P1

p2

Pa

G

P

Description

Carry Input

Carry Generate Inputs (Active LOW)

Carry Generate Input (Active LOW)

Carry Generate Input (Active LOW)

Carry Propagate Inputs (Active LOW)

Carry Propagate Input (Active LOW)

Carry Propagate Input (Active LOW)

Carry Outputs

Carry Generate Output (Active LOW)

Carry Propagate Output (Active LOW)

54F/74F

U.L.

HIGH/LOW

1.0/2.0

1.0/14.0

1.0/16.0

1.0/8.0

1.0/8.0

1.0/6.0

1.0/4.0

50/33.3

50/33.3

50/33.3

Input I,h/Iil

Output Ioh/'ol

20 juiA/- 1.2 mA

20jaA/-8.4mA

20/xA/-9.6 mA

20j4,A/-4.8mA

20 /ulA/—4.8 mA

20|aA/-3.6mA

20jutA/-2.4mA

-1mA/20mA

-1 mA/20mA

-1 mA/20mA
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Functional Description

The 'F182 carry lookahead generator accepts up to four

pairs of Active_LOW Carry Propagate (P0-P3) and Carry

Generate (G0-G3) signals and an Active HIGH Carry input

(Cn) and provides anticipated Active HIGH carries (Cn + Xl

Cn+y. Cn+z) across four groups of binary adders. The

'F182 alsojhas Active LOW Carry Propagate (P) and Carry

Generate (G) outputs which may be used for further levels

of lookahead. The logic equations provided at the outputs

Cn+

= G1
= G2

P1G0

P2G1 P2P1G0

G

P

= G3 + P3G2 + P3P2G1 + P3P2P1G0

= P2P2P1P0

Also, the 'F182 can be used with binary ALUs in an active

LOW or active HIGH input operand mode. The connections

(Figure 1) to and from the ALU to the carry lookahead gen

erator are identical in both cases. Carries are rippled be

tween lookahead blocks. The critical speed path follows the

circled numbers. There are several possible arrangements

for the carry interconnects, but all achieve about the same

speed. A 28-bit ALU is formed by dropping the last 'F181 or

•F381.

Truth

Cn

X

L

X

H

X

X

L

X

X

H

X

X

X

L

X

X

X

H

Go

H

H

L

X

X

H

H

X

L

X

X

X

H

H

X

X

L

X

X

X

X

H

X

X

X

L

Table

Po

H

X

X

L

X

H

X

X

X

L

X

X

H

X

X

X

X

L

H

X

X

X

L

Gi

H

H

H

L

X

X

X

H

H

H

X

L

X

X

X

X

H

H

X

X

L

X

Inputs

Pi

H

X

X

X

L

L

X

H

X

X

X

X

L

L

X

X

H

X

X

X

X

L

X

H

X

X

L

G2

H

H

H

H

L

X

X

X

X

H

H

H

X

L

X

X

P2

H

X

X

X

X

L

L

L

X

H

X

X

X

X

L

L

X

X

H

X

L

G3

H

H

H

H

L

X

X

X

p3

H

X

X

X

X

L

L

L

X

X

X

H

L

Cn + x

L

L

H

H

Outputs

Cn+y

L

L

L

H

H

H

Cn + z

L

L

L

L

H

H

H

H

G

H

H

H

H

L

L

L

L

P

H

H

H

H

L

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial
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Logic Diagram

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

A.B

_L_
0

•il
ALU* 0 ALU* G

kk
Po Go P| 6, P2 Gj P3 C,

°n T182 G

<Wx <Wy C,^ P

Lll
P, G, P2 Cj P3 Cj

cn T182 G

Cn4K C^y C^ P

FIGURE 1. 32-Bit ALU with Rippled Carry between 16-Bit Lookahead ALUs

•ALUs may be either 'F181 or 'F381

(C32)
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ - ^ ASr *muioniTomnOra»11rfl
Distributors for avaHablHty and specifications. Free ^Amb,ent Temperature _55.ct0 +125.c

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias — 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCC Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

I nput Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

Ibvi

IlL

los

ICEX

•CCH

•CCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW

Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-1.2

-2.4

-3.6

-4.8

-8.4

-9.6

-60 -150

250

18.4 28.0

23.5 36.0

Units

V

V

V

V

V

/xA

mA

mA

MA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'in = -18 mA

IOh= -1 mA

Iqh = ~1 mA

•OH = ~"1 mA

Iql = 20 mA

'OL = 20 mA

V|N = 2.7V

V|N = 7.0V

V,N = 0.5V(Cn)

V|N = 0.5V (P3)

V,N = 0.5V(P2)

V|N = 0.5V(G3,P0,Pi)

V|N = 0.5V(G0,G2)

V,N = 0.5V(G1)

V0UT = 0V

VoUT = Vcc

Vo = HIGH

V0 = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc = +5.0V

CL = 50 pF

Min Typ Max

54F

CL = 50 pF

Min Max

74F

Ta. VCc = Com

CL=50pF
Units

Fig

No

Min Max

tpHL

Propagation Delay

Cn to Cn+X, Cn+y, Cn+Z

3.0

3.0

6.6

6.8

8.5

9.0

3.0

3.0

12.0

11.0

3.0

3.0

9.5

10.0
2-3

tpi_H

tpHL

Propagation Delay

Po,Pi,orP2to
2.5

1.5

6.2

3.7

8.0

5.0

2.5

1.0

11.0

7.0

2.5

1.5

9.0

6.0
2-3

Propagation Delay

Go.Gi.orG2to

Cn+x. Cn+yi orCn + z

2.5

1.5

6.5

3.9

8.5

5.2

2.5

1.0

11.0

7.0

2.5

1.5

9.5

6.0
2-3

tpi_H

tPHL

Propagation Delay

Pi, P2. orP3toG

3.0

3.0

7.9

6.0

10.0

8.0

3.0

2.5

12.0

10.0

3.0

3.0

11.0

9.0
2-3

tpLH Propagation Delay

GntoG

3.0

3.0

8.3

5.7

10.5

7.5

3.0

2.5

12.0

10.0

3.0

3.0

11.5

8.5
2-3

tpi_H

tpHL

Propagation Delay

PntoP

3.0

2.5

5.7

4.1

7.5

5.5

2.5

2.5

10.0

8.0

3.0

2.5

8.5

6.5
2-3
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54F/74F189 64-Bit Random Access

Memory with TRl-STATE® Outputs

S

General Description
The 'F189 is a high-speed 64-bit RAM organized as a 16-

word by 4-bit array. Address inputs are buffered to minimize

loading and are fully decoded on-chip. The outputs are TRl-

STATE and are in the high impedance state whenever the

Chip Select (CS) input is HIGH. The outputs are active only

in the Read mode and the output data is the complement of

the stored data.

Features
■ TRl-STATE outputs for data bus applications

■ Buffered inputs minimize loading

■ Address decoding on-chip

■ Diode clamped inputs minimize ringing

Ordering Code: see section 5

Logic Symbols

I I I I

Connection Diagrams

3

-OCS

-OWE

D0 D, D2 D3

Qq Qi 02 03

vrrr

IEEE/IEC

Pin Assignment

forDIP,SOICandFlatpak

V

A2-

WE

D,-

D2-

O,-

3.

61

1 EN (READ)

1 C2 (WRITE)

A.2D

Ao-

5-

WE-

Do-

°o-

D1—
6,-

GND-

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

Pin Assignment

for LCC and PCC

D, 00 NC Dq WE

m ru m do b

-A2

-63

-D2

-62
O3 D5 NC A3 Aj

• 60

' °*

■ 63

TL/F/9493-4

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

A0-A3

CS

WE

D0-D3

O0-O3

Description

Address Inputs

Chip Select Input (Active LOW)

Write Enable Input (Active LOW)

Data Inputs

Inverted Data Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input I|H/I|l

Output Ioh/Iol

20 jaA/-0.6 mA

20 fiA/- 1.2 mA

20 jmA/- 0.6 mA

20 imA/-0.6 mA

-3.0 mA/24mA (20 mA)
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00
Function Table

Inputs

CS WE

L L

L H

H X

Operation

Write

Read

Inhibit

Condition of Outputs

High Impedance

Complement of Stored Data

High Impedance

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Block Diagram

Do Dt D2 D3

MM
DATA BUFFERS

A0.

A2

DECODER

DRIVERS

ADDRESS

DECODER —v

16-WORD x 4-BIT

MEMORY CELL

ARRAY

OUTPUT

BUFFERS

60 ot o2 63
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ -. . A. Arr>w,a^Tarr%r>aratt,ra

Distributors for availability and specifications. Military TemPerature _5goc tQ + i2goc
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to Vqc

TRI-STATE Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

•bvi

IlL

'OZH

IOZL

los

ICEX

Izz

•ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F 5% VCc

74F 5% VCc

Output LOW 54F10%VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

-1.2

50

-50

-60 -150

250

500

37 55

Units

V

V

V

V

V

pA

jiA

mA

pA

HA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N= -18 mA

Ioh = -1 mA

Ioh = -3 mA

Ioh^ -1mA

Ioh - -3 mA

IOH= -1mA

Ioh - -3 mA

Iql = 20 mA

Iol = 24 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V (except CS)

V,N = 0.5V(C5)

V0UT = 2.7V

V0UT = 0.5V

VouT = 0V

Vout = Vcxj

V0UT = VCC

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpLH

tpHL

tpZH

tpZL

tpHZ

tPLZ

tpZH

tpZL

tpHZ

tPLZ

Parameter

Access Time, HIGH or LOW

An to On

Access Time, HIGH or LOW

5§to5n

Disable Time, HIGH or LOW

C5§toOn

Write Recovery Time,

HIGH or LOW WE to On

Disable Time, HIGH or LOW

WE to On

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

Min Typ Max

10.0 18.5 26.0

8.0 13.5 19.0

3.5 6.0 8.5

5.0 9.0 13.0

2.0 4.0 6.0

3.0 5.5 8.0

6.5 15.0 28.0

6.5 11.0 15.5

4.0 7.0 10.0

5.0 9.0 13.0

54F

•TA,VCC = Mil

CL = 50pF

Min Max

9.0 32.0

8.0 23.0

3.5 10.5

5.0 15.0

2.0 8.0

2.5 10.0

6.5 37.5

6.5 17.5

3.5 12.0

5.0 15.0

74F

Ta» VCc = Com

CL = 50 pF

Min Max

10.0 27.0

8.0 20.0

3.5 9.5

5.0 14.0

2.0 7.0

3.0 9.0

6.5 23.5

6.5 16.5

4.0 11.0

5.0 14.0

Units

ns

ns

ns

ns

ns

Fig

No

2-3

2-5

2-5

2-5

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

t8(L)

th(H)

th(L)

ts(H)

«L)

th(H)

th(U

ts(L)

th(L)

tw(U

Parameter

Setup Time, HIGH or LOW

An to WE

Hold Time, HIGH or LOW

An to WE

Setup Time, HIGH or LOW

DntoWE

Hold Time, HIGH or LOW

DntoWE

Setup Time, LOW

CStoWE

Hold Time, LOW

SStoWE

WE Pulse Width, LOW

74F

TA= +25°C

VCc= +5.0V

Min Max

0

0

2.0

2.0

10.0

10.0

0

0

0

6.0

6.0

54F

*Ta,VCC = MII

Min Max

0

0

2.0

2.0

11.0

11.0

2.0

2.0

0

7.5

7.5

74F

Ta, VCc = Com

Min Max

0

0

2.0

2.0

10.0

10.0

0

0

0

6.0

6.0

Units

ns

ns

ns

ns

Fig

No

2-6

2-6

2-6

2-4

•TA = -40°Cto+125°C
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54F/74F190

Up/Down Decade Counter with Preset and Ripple Clock

General Description
The 'F190 is a reversible BCD (8421) decade counter fea

turing synchronous counting and asynchronous presetting.

The preset feature allows the 'F190 to be used in program

mable dividers. The Count Enable input, the Terminal Count

output and the Ripple Clock output make possible a variety

of methods of implementing multistage counters. In the

counting modes, state changes are initiated by the rising

edge of the clock.

Features
■ High-speed—125 MHz typical count frequency

■ Synchronous counting

■ Asynchronous parallel load

■ Cascadable

Ordering Code: see section 5

Logic Symbols Connection Diagrams

i i i i

U/D

-OCE

I I I I

Pin Assignment for

DIP, SOIC and Flatpak

CE. *

/D*-t—

CP-f-

U

Pi—*

Po

Pi

h

P3

IEEE/IEC

CTRDfVIO
61

M2[DOWN] 2(CT=0)Z6

M3[UP] 3(CT=9)Z6

>1.2-/1.3*

64 6.1.4

CS

h r
5D [1]

[2]

[4]

[8]

Pi-

Oi-

Qo-
CE-

0/D-

Q2-

Q3-

GND-

V.

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

Pin Assignment

forLCCandPCC

Q2O/DNC SQq

go ei bo od h

-CP

-RC

-TC

-Pi

PL TCNCRCCP

TL/F/9494-2

Q,

Q2

Q3

TL/F/9494-4

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

CE

CP

P0-P3
PL

U/D

Q0-Q3
RC

TC

Description

Count Enable Input (Active LOW)

Clock Pulse Input (Active Rising Edge)

Parallel Data Inputs

Asynchronous Parallel Load Input (Active LOW)

Up/Down Count Control Input

Flip-Flop Outputs

Ripple Clock Output (Active LOW)

Terminal Count Output (Active HIGH)

54F/74F

U.L

HIGH/LOW

1.0/3.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

50/33.3

50/33.3

Input l|H/liL

Output Ioh/'ol

20 jaA/- 1.8 mA

20 jutA/—0.6 mA

20/LtA/-0.6 mA

20 julA/-0.6 mA

20jiA/-0.6mA

-1 mA/20mA

-1 mA/20mA

-1 mA/20mA
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Functional Description
The 'F190 is a synchronous up/down BCD decade counter

containing four edge-triggered flip-flops, with internal gating

and steering logic to provide individual preset, count-up and

count-down operations. It has an asynchronous parallel

load capability permitting the counter to be preset to any

desired number. When the Parallel Load (PL) input is LOW,

information present on the Parallel Data inputs (P0-P3) is

loaded into the counter and appears on the Q outputs. This

operation overrides the counting functions, as indicated in

the Mode Select Table. A HIGH signal on the CE input inhib

its counting. When CE is LOW, internal state changes are

initiated synchronously by the LOW-to-HIGH transition of

the dock input. The direction of counting is determined by

the U/Djnput signal, as indicated in the Mode Select Table,

CE and U/D can be changed with the clock in either state,

provided only that the recommended setup and hold times

are observed.

RC Truth Table

Inputs

CE TC* CP

l h i_r

H X X

X L X

Output

RC

i_r

H

H

•TC is generated internally

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

~T = LOW-to-HIGH Clock Transition

"LT = LOW Pulse

State Diagram

Two types of outputs are provided as overflow/underflow

indicators. The Terminal Count (TC) output is normally LOW

and goes HIGH when a circuit reaches zero in the count

down mode or reaches 9 in the count-up mode. The TC

output will then remain HIGH until a state change occurs,

whether by counting or presetting or until U/D is changed.

The TC output should not be used as a clock signal be

cause it is subject to decoding spikes. The TCsignal is also

used internally to enable the Ripple Clock (RC) output. The

RC outputjs_normally HIGH. When CE is LOW and TC is

HIGH, the RC output will go LOW when the clock next goes

LOW and will stay LOW until the clock goes HIGH again.

This feature simplifies the design of multistage counters.

For a discussion and illustrations of the various methods of

implementing multistage counters, please see the 'F191

data sheet.

Mode Select Table

Inputs

PL CE U/D CP

H L L _/"

H L H ^/"

L X X X

H H X X

Mode

Count Up

Count Down

Preset (Asyn.)

No Change (Hold)
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Logic Diagram

U/D P0 CE

J CLOCK K

L-0 PRESET CLEAR
Q

RC TC Q0

PL

TL/F/9494-6

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ cKSflAir4mhiOn»TflmM«rf..«
Distributors for availability and specifications. Military Temperature _^^ ^^
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to Vqc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life Impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

>BVI

IlL

los

'CEX

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-1.8

-60 -150

250

38 55

Units

V

V

V

- v

V

jiA

jiA

mA

mA

,iA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

Ioh - -1 mA

lOH = -1 mA

IOH= -1 mA

Iol = 20 mA

Iol = 20 mA

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V, except CE

V|N = 0.5V,CE

V0UT = 0V

VOUT = Vcc

Vo = LOW
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AC Electrical Characteristics:

Symbol

fmax

tPLH

tpHL

tpLH

tpHL

tPLH

tpHL

tPLH

tPLH

tpHL

tPLH

tpHL

tPLH

tpHL

tPLH

tpHL

Parameter

Maximum Clock Frequency

Propagation Delay

CPtoQn

Propagation Delay

CPtoTC

Propagation Delay

CPtoRC

Propagation Delay

CEtoRC

Propagation Delay

U/DtoRC

Propagation Delay

U/DtoTC

Propagation Delay

PntoQn

Propagation Delay

PLtoQn

See Section 2 for Waveforms and Load Configurations

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Mln

100

3.0

5.0

6.0

5.0

3.0

3.0

3.0

3.0

7.0

5.5

4.0

4.0

3.0

6.0

5.0

5.5

AC Operating Requirements:

Symbol

ts(H)

t8(L)

th(H)

th(L)

ts(L)

th(L)

ts(H)

ts(L)

th(H)

th(L)

tw(L)

tw(L)

tree

Parameter

Setup Time, HIGH or LOW

PntoPL

Hold Time, HIGH or LOW

PntoPL

Setup Time, LOW

CEtoCP

Hold Time, LOW

UEtoCP

Setup Time, HIGH or LOW

D/DtoCP

Hold Time, HIGH or LOW

D/DtoCP

PL Pulse Width, LOW

CP Pulse Width, LOW

Recovery Time PL to CP

TA =

Vcc

Mln

4.5

4.5

2.0

2.0

10.0

0

12.0

12.0

0

0

6.0

5.0

6.0

Typ

125

5.5

8.5

10.0

8.5

5.5

5.0

5.0

5.5

11.0

9.0

7.0

6.5

4.5

10.0

8.5

9.0

Max

7.5

11.0

13.0

11.0

7.5

7.0

7.0

7.0

18.0

12.0

10.0

,10.0

7.0

13.0

11.0

12.0

i

Ta,v(

cl =

Mln

75

3.0

5.0

6.0

5.0

3.0

3.0

3.0

3.0

7.0

5.5

4.0

4.0

3.0

6.0

5.0

5.5

>4F

= 50pF

Max

9.5

13.5

16.5

13.5

9.5

9.0

9.0

9.0

22.0

14.0

13.5

12.5

9.0

16.0

13.0

14.5

74F

Ta,VCC

cl =

Min

90

3.0

5.0

6.0

5.0

3.0

3.0

3.0

3.0

7.0

5.5

4.0

4.0

3.0

6.0

5.0

5.5

See Section 2 for Waveforms

74F

= +25°C

= +5.0V

Max

TA,\

Mln

6.0

6.0

2.0

2.0

10.5

0

12.0

12.0

0

0

8.5

7.0

7.5

54F

rCc = m

Max

74F

TA.VCC =

Mln

5.0

5.0

2.0

2.0

10.0

0

12.0

12.0

0

0

6.0

5.0

6.0

= Com

50 pF

Max

8.5

12.0

14.0

12.0

8.5

8.0

8.0

8.0

20.0

13.0

11.0

11.0

8.0

14.0

12.0

13.0

Com

Max

Units

MHz

ns

ns

ns

ns

ns

Units

ns

ns

ns

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-3

2-3

2-3

Fig

No

2-6

2-6

2-6

2-4

2-4

2-6

<0
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National
Semiconductor

54F/74F191

Up/Down Binary Counter with Preset and Ripple Clock

General Description
The 'F191 is a reversible modulo-16 binary counter featur

ing synchronous counting and asynchronous presetting.

The preset feature allows the 'F191 to be used in program

mable dividers. The Count Enable input, the Terminal Count

output and Ripple Clock output make possible a variety of

methods of implementing multistage counters. In the count

ing modes, state changes are initiated by the rising edge of

the clock.

Features
■ High-Speed—125 MHz typical count frequency

■ Synchronous counting

■ Asynchronous parallel load

■ Cascadable

Ordering Code: see section 5

Logic Symbols

I I I i

Connection Diagrams

— 0/0

-OCE

CP (
Q2 Q3

I I I I

IEEE/IEC

Pin Assignment for

DIP,SOICandFlatpak

"HMu

61
CTRDIV16

M2[D0WN] 2(CT=0)Z6 -f-TC

M3[UP] 3(CT=15)Z6|—I
.2-/1,3*

6.1.

C5

SO [1]

[2]

[4]

[81

Pi-

0,-

oo—

CE-

U/D-

Q2-

Q3-

GND-

1

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

Pin Assignment

forLCCandPCC

Q2D/DNC CE Qq

go cd bo go do

-RC

-TC

-PL

l2

PL TCNC RCCP

RC

-Q,

-Q2

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

CE

CP

P0-P3
PL

U/D

Q0-Q3
RC

TC

Description

Count Enable Input (Active LOW)

Clock Pulse Input (Active Rising Edge)

Parallel Data Inputs

Asynchronous Parallel Load Input (Active LOW)

Up/Down Count Control Input

Flip-Flop Outputs

Ripple Clock Output (Active LOW)

Terminal Count Output (Active HIGH)

54F/74F

U.L

HIGH/LOW

1.0/3.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

50/33.3

50/33.3

Input I|H/Iil

Output Ioh/'ol

20 jmA/- 1.8 mA

20 jiA/ -0.6 mA

20 juiA/-0.6 mA

20 ju.A/ -0.6 mA

20 juiA/-0.6 mA

-1 mA/20mA

-1 mA/20mA

-1 mA/20mA
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Functional Description
The 'F191 is a synchronous up/down 4-bit binary counter. It

contains four edge-triggered flip-flops, with internal gating

and steering logic to provide individual preset, count-up and

count-down operations.

Each circuit has an asynchronous parallel load capability

permitting the counter to_be preset to any desired number.

When the Parallel Load (PL) input is LOW, information pres

ent on the Parallel Data inputs (P0-P3) is loaded into the

counter and appears on the Q outputs. This operation over

rides the counting functions, as indicated in the Mode Se

lect Table.

A HIGH signal on the CE input inhibits counting. When UE is

LOW, internal state changes are initiated synchronously by

the LOW-to-HIGH transition of the clock input. The direction

of counting is determined by the U/Djnput signal, as indi

cated in the Mode Select Table. CE and U/D can be

changed with the clock in either state, provided only that the

recommended setup and hold times are observed.

Two types of outputs are provided as overflow/underflow

indicators. The Terminal Count (TC) output is normally LOW

and goes HIGH when a circuit reaches zero in the count

down mode or reaches 15 in the count-up mode. The TC

output will then remain HIGH until a state_change occurs,

whether by counting or presetting or until U/D is changed.

The TC output should not be used as a clock signal be

cause it is subject to decoding spikes.

The TCjignal is also used internally to enable the Ripple

Clock (RC) output. The RC output isjnormally HIGH. When

£E is LOW and TC is HIGH, the RC output will go LOW
when the clock next goes LOW and will stay LOW until the

clock goes HIGH again. This feature simplifies the design of

multistage counters, as indicated in Figures 1 and 2. In Fig

ure 1, each RC output is used as the clock input for the next

higher stage. This configuration is particularly advantageous

when the clock source has a limited drive capability, since it

drives only the first stage. To prevent counting in all stages

it is only necessary to inhibit the first stage, since a HIGH

signal on CE inhibits the RC output pulse, as indicated in the

R€ Truth Table. A disadvantage of this configuration, in
some applications, is the timing skew between state chang

es in the first and last stages. This represents the cumula

tive delay of the clock as it ripples through the preceding

A method of causing state changes to occur simultaneously

in all stages is shownjn Figure2. All clock inputs are driven

in parallel and the RC outputs propagate the carry/borrow

signals in ripple fashion. In this configuration the LOW state

duration of the clock must be long enough to allow the neg

ative-going edge of the carry/borrow signal to ripple through

to the last stage before the clock goes HIGH. There is no

such restriction on the HIGH state duration of the clock,

since the RC output of any device goes HIGH shortly after

its CP input goes HIGH.

The configuration shown in Figure 3 avoids ripple delays

and their associated restrictions. The CE input for a given

stage is formed by combining the TC signals from all the

preceding stages. Note that in order to inhibit counting an

enable signal must be included in each carry gate. The sim

ple inhibit scheme of Figures 1 and 2 doesn't apply, be-

causejthe TC output of a given stage is not affected by its

own CE.

Mode Select Table

PL

H

H

L

H

CE

L

H

X

CE

L

L

X

H

Inputs

U/D

L

H

X

X

CP

^r-

_/~

X

X

RC Truth Table

Inputs

TC«

H

X

L

CP

TJ-

X

X

Mode

Count Up

Count Down

Preset (Asyn.)

No Change (Hold)

Output

RC

i_r

H

H

•TC is generated internally

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

~/~ = LOW-to-HIGH Clock Transition

IT = LOW Pulse
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Logic Diagram

TTTO

I J CLOCK K I I
-0 PRESET CLEAR 9-J -OjPRESET CLEAR

0 Q

RC TC Q'o <>1 02 <>3
TL/F/9495-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

DIRECTION

CONTROL"

ENABLE-

CLOCK-

G/D

CE

CP

RC l_

r

O/D

CE

CP

RC

r

O/D

CE

CP

RC

FIGURE 1. n-Stage Counter Using Ripple Clock

DIRECTION

CONTROL"

ENABLE-

O/D

CE

CP

RC o-. L

l—o

1"

O/D

CE

CP

RC 0-. 1-
l—o

r"

O/D

CE

CP

RC

CLOCK-
TL/F/9495-7

FIGURE 2. Synchronous n-Stage Counter Using Ripple Carry/Borrow

direction^

control"

ENABLE-

r

O/D

CE

CP TC

—0

r

O/D

CE

CP TC

T

I
oN-0

r

O/D

CE

CP TC

clock-

FIGURE 3. Synchronous n-Stage Counter with Gated Carry/Borrow
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ - A. A .. ,T ^ ,.

Distributors for availability and specifications. ^litery TemPerature _55OCtQ +^c
Storage Temperature -65°Cto+150°C Commercial 0°Cto+70°C

Ambient Temperature under Bias -55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vqc Pin Potential to Commercial + 4.5V to +5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

•bvi

IlL

los

•CEX

Ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% Vcc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-1.8

-60 -150

250

38 55

Units

V

V

V

V

V

HA

jiA

mA

mA

jaA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

nIIll III illIol = 20 mA

Iol = 20 mA

V,N = 2.7V

V,N = 7.0V

V,N = 0.5V (except CE)

V,N = 0.5V(CE)

Vout = 0V

Vout = Vcc
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tPHL

tpLH

tPHL

tpLH

tPHL

tpLH

tPHL

tpLH

tPHL

tpLH

tPHL

tpLH

tPHL

tpLH

tpHL

Parameter

Maximum Count Frequency

Propagation Delay

CPtoQn

Propagation Delay

CPtoTC

Propagation Delay

CPtoRC

Propagation Delay

CEtoRC

Propagation Delay

D/DtoRC

Propagation Delay

U/DtoTC

Propagation Delay

PntoQn

Propagation Delay

PLtoQn

74F

TA= + 25°C

VCc= +5.0V

CL = 50 pF

Mln Typ Max

100 125

3.0 5.5 7.5

5.0 8.5 11.0

6.0 10.0 13.0

5.0 8.5 11.0

3.0 5.5 7.5

3.0 5.0 7.0

3.0 5.0 7.0

3.0 5.5 7.0

7.0 11.0 18.0

5.5 9.0 12.0

4.0 7.0 10.0

4.0 6.5 10.0

3.0 4.5 7.0

6.0 10.0 13.0

5.0 8.5 11.0

5.5 9.0 12.0

54F

TA.Vcc = MII

CL = 50pF

Min Max

75

3.0 9.5

5.0 13.5

6.0 16.5

5.0 13.5

3.0 9.5

3.0 9.0

3.0 9.0

3.0 9.0

7.0 22.0

5.5 14.0

4.0 13.5

4.0 12.5

3.0 9.0

6.0 16.0

5.0 13.0

5.5 14.5

74F

Ta» VCc = Com

CL = 50pF

Mln Max

90

3.0 8.5

5.0 12.0

6.0 14.0

5.0 12.0

3.0 8.5

3.0 8.0

3.0 8.0

3.0 8.0

7.0 20.0

5.5 13.0

4.0 11.0

4.0 11.0

3.0 8.0

6.0 14.0

5.0 12.0

5.5 13.0

Units

MHz

ns

ns

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-3

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

ts(L)

th(U

ts(H)

ts(U

th(H)

th(L)

tw(L)

tw(L)

tree

Parameter

Setup Time, HIGH or LOW

PntoPL

Hold Time, HIGH or LOW

PntoPL

Setup Time LOW

CEtoCP

Hold Time LOW

CEtoCP

Setup Time, HIGH or LOW

D/DtoCP

Hold Time, HIGH or LOW

D/DtoCP

PL Pulse Width LOW

CP Pulse Width LOW

Recovery Time

PLtoCP

74F

TA= +25°C

VCc = +5.0V

Mln Max

4.5

4.5

2.0

2.0

10.0

0

12.0

12.0

0

0

6.0

5.0

6.0

54F

Ta,vCc = mii

Min Max

6.0

6.0

2.0

2.0

10.5

0

12.0

12.0

0

0

8.5

7.0

7.5

74F

Ta. VCc = Com

Mln Max

5.0

5.0

2.0

2.0

10.0

0

12.0

12.0

0

0

6.0

5.0

6.0

Units

ns

ns

ns

ns

ns

ns

Fig
No

2-6

2-6

2-6

2-4

2-4

2-6
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i/W\ National
JlM Semiconductor

54F/74F192

Up/Down Decade Counter

with Separate Up/Down Clocks

General Description
The 'F192 is an up/down BCD decade (8421) counter. Sep

arate Count Up and Count Down Clocks are used, and in

either counting mode the circuits operate synchronously.

The outputs change state synchronously with the LOW-to-

HIGH transitions on the clock inputs.

Separate Terminal Count Up and Terminal Count Down out

puts are used as the clocks for a subsequent stage without

extra logic, thus simplifying multistage counter designs. Indi

vidual preset inputs allow the circuit to be used^as a pro

grammable counter. Both the Parallel Load (PL) and the

Master Reset (MR) inputs asynchronously override the

clocks.

Ordering Code: see section 5

Logic Symbols Connection Diagrams

I I I I

—

T

—*

—

—

—

—

IEEE/IEC

CT=0

G1

62

C3

3D

CTRDIV10

1CT=9

2CT=0

r

(D

(2)

(4)

(8)

Pin Assignment for

DIP,SOICandFlatpak

-MR

-Pi

Pin Assignment

forLCCandPCC

Pi"

Q1~

Q0"

CPD-

CPy-

Q2-

Q3-

GND-

V.

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

^fe0

—Q,

—Q2

—Q3

TL/F/9496-6

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

CPD

MR

PL

P0-P3

Q0-Q3
TCD

TCy

Description

Count Up Clock Input (Active Rising Edge)

Count Down Clock Input (Active Rising Edge)

Asynchronous Master Reset Input (Active HIGH)

Asynchronous Parallel Load Input (Active LOW)

Parallel Data Inputs

Flip-Flop Outputs

Terminal Count Down (Borrow) Output (Active LOW)

Terminal Count Up (Carry) Output (Active LOW)

4-169

54F/74F

U.L.

HIGH/LOW

1.0/3.0

1.0/3.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

50/33.3

50/33.3

Input I|H/Iil

Output Iqh/Iql

20 fxA/- 1.8 mA

20 fiA/- 1.8 mA

-0.6 mA

-0.6 mA

20 fiA/-0.6 mA

-1 mA/20mA

-1 mA/20mA

-1 mA/20mA



Functional Description
The 'F192 is an asynchronously presettable decade coun

ter. It contains four edge-triggered flip-flops, with internal

gating and steering logic to provide master reset, individual

preset, count up and count down operations.

A LOW-to-HIGH transition on the CP input to each flip-flop

causes the output to change state. Synchronous switching,

as opposed to ripple counting, is achieved by driving the

steering gates of all stages from a common Count Up line

and a common Count Down line, thereby causing all state

changes to be initiated simultaneously. A LOW-to-HIGH

transition on the Count Up input will advance the count by

one; a similar transition on the Count Down input will de

crease the count by one. While counting with one clock in

put, the other should be held HIGH, as indicated in the

Function Table. Otherwise, the circuit will either count by

twos or not at all, depending on the state of the first flip-flop,

which cannot toggle as long as either clock input is LOW.

The Terminal Count Up (TCu) and Terminal Count Down

(TCD) outputs are normally HIGH. When the circuit has

reached the maximum count state 9, the next HIGH-to-LOW

transition of the Count Up Clock will cause TCy to go LOW.

TCy will stay LOW until CPy goes HIGH again, thus effec

tively repeating the CounMJp Clock, but delayed by two

gate delays. Similarly, the TCD output will go LOW when the

circuit is in the zero_state and the Count Down Clock goes

LOW. Since the TC outputs repeat the clock waveforms,

they can be used as the clock input signals to the next

higher order circuit in a multistage counter.

TOu = Qo • Q3 • CPu

TCq = Qo • Q1 • Q2 • Q3 • cpd
The 'F192 has an asynchronous parallel load capability per

mitting the counter to be preset. When the Parallel Load

(PL) and the Master Reset (MR) inputs are LOW, informa

tion present on the Parallel Data input (P0-P3) is loaded

into the counter and appears on the outputs regardless of

the conditions of the clock inputs. A HIGH signal on the

Master Reset input will disable the preset gates, override

both clock inputs, and latch each Q output in the LOW state.

If one of the clock inputs is LOW during and after a reset or

load operation, the next LOW-to-HIGH transition of that

clock will be interpreted as a legitimate signal and will be

counted.

Function Table

MR

H

L

L

L

L

PL

X

L

H

H

H

CPu

X

X

H

H

CPD

X

X

H

H

Mode

Reset (Asyn.)

Preset (Asyn.)

No Change

Count Up

Count Down

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

S~ = LOW-to-HIGH Clock Transition

State Diagram

—► COUNT UP

--- COUNTDOWN
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Logic Diagram
TCy TC,,

(CARRY) (BORROW)

A

t

CM-

a_

t
TL/F/9498-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ - A| Ambient Temneratura
Distributors for availability and specifications. Fre^Ambient Temperature ^^^^

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°Cto+175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

'bvi

IlL

"OS

•CEX

'CCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F10%Vcc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-1.8

-60 -150

250

38 55

Units

V

V

V

V

V

fiA

txA

mA

mA

M-A

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

'OH = ~ "• mA

Ioh = -1 mA

•oh = -1 mA

Iql — 20 mA

Iol = 20 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V, Except CPU,CPD

V|N = 0.5V, CPU, CPD

Vout = 0V

VOUT = Vcc

Vo = LOW

4-172



AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

Parameter

Maximum Clock Frequency

Propagation Delay CPy or

Propagation Delay

CPy or CPq to Qn

Propagation Delay

PntoQn

Propagation Delay

PLtoQn

Propagation Delay

MRtoQn

Propagation Delay

MRtoTCy

Propagation Delay

MRtoTCD

Propagation Delay

PLtoTCuorTCD

Propagation Delay

PntoTCuorTCo

ta =

Vcc

Cl

Min

100

4.0

3.5

4.0

5.5

3.0

6.0

5.0

5.5

6.5

6.0

7.0

7.0

7.0

7.0

6.5

74F

= +25°C

= +5.0V

= 50pF

Typ

125

7.0

6.0

6.5

9.5

4.5

11.0

8.5

10.0

11.0

10.5

11.5

12.0

11.5

11.5

11.0

Max

9.0

8.0

8.5

12.5

7.0

14.5

11.0

13.0

14.5

13.5

14.5

15.5

14.5

14.5

14.0

{

ta,v<

cl =

Min

75

4.0

3.5

4.0

5.5

3.0

6.0

5.0

5.5

6.5

6.0

7.0

7.0

7.0

7.0

6.5

54F

= 50pF

Max

10.5

9.5

10.0

14.0

8.5

16.5

13.5

15.0

16.0

15.0

16.0

18.5

17.5

16.5

16.5

74F

TA,VC(

cL =

Min

90

4.0

3.5

4.0

5.5

3.0

6.0

5.0

5.5

6.5

6.0

7.0

7.0

7.0

7.0

6.5

AC Operating Requirements: see section 2 tor waveforms

Symbol

ts(H)

ts(U

th(H)

th(D

tw(U

tw(D

tw(L)

tw(H)

tree

tree

Parameter

Setup Time, HIGH or LOW

PntoPL

Hold Time, HIGH or LOW

PntoPL

PL Pulse Width, LOW

CPuorCPD

Pulse Width, LOW

CPy or CPp

Pulse Width, LOW

(Change of Direction)

MR Pulse Width, HIGH

Recovery Time

PLtoCPuorCPD

Recovery Time

MR to CPy or CPp

74F

TA= +25°C

VCc= +5.0V

Min

4.5

4.5

6.0

5.0

10.0

6.0

6.0

4.0

Max

ta,v

Min

6.0

6.0

2.0

2.0

7.5

7.0

12.0

6.0

8.0

4.5

54F

'cc = MH

Max

*50pF

Max

10.0

9.0

9.5

13.5

8.0

15.5

12.0

14.0

15.5

14.5

15.5

16.5

15.5

15.5

15.0

74F

Ta,VCC

Min

5.0

5.0

2.0

2.0

6.0

5.0

10.0

6.0

6.0

4.0

= Com

Max

Units

MHz

ns

ns

ns

ns

ns

ns

ns

Units

ns

ns

ns

ns

ns

ns

ns

Fig
No

2-1

2-3

2-3

2-3

2-3

2-3

2-3

2-3

Fig

No

2-6

2-4

2-4

2-4

2-4

2-6

2-6
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54F/74F193 Up/Down Binary Counter

with Separate Up/Down Clocks

General Description
The 'F193 is an up/down modulo-16 binary counter. Sepa

rate Count Up and Count Down Clocks are used, and in

either counting mode the circuits operate synchronously.

The outputs change state synchronously with the LOW-to-

HIGH transitions on the clock inputs. Separate Terminal

Count Up and Terminal Count Down outputs are provided

that are used as the clocks for subsequent stages without

extra logic, thus simplifying multi-stage counter designs. In

dividual preset inputs allow the circuit to be used as a pro

grammable counter. Both the Parallel Load (PL) and the

Master Reset (MR) inputs asynchronously override the

clocks.

Ordering Code: see section 5

Logic Symbols Connection Diagrams

I I I I

Q2 Q3

I I I I

Pin Assignment

forDIP,SOICandFlatpak

Pin Assignment

forLCCandPCC

0-

0-

UR-

T

T

—

—

—

—

IEEE/IEC

ct=o

G1

62

C3

3D

CTRDIV16

TCT=15

2CT=0

r

(D

(2)

(4)

(8)

Q2-

Q3-

1

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-vcc

-Po
-MR

-TC,

-PL

—Qo

Q,

Q2

Q3

TL7F/9497-4

Unit Loading/Fan Ollt: See Section 2 for U.L definitions

Pin Names

CPu

CPD

MR

PL

Q0-Q3

TCD

TCu

Description

Count Up Clock Input (Active Rising Edge)

Count Down Clock Input (Active Rising Edge)

Asynchronous Master Reset Input (Active HIGH)

Asynchronous Parallel Load Input (Active LOW)

Parallel Data Inputs

Flip-Flop Outputs

Terminal Count Down (Borrow) Output (Active LOW)

Terminal Count Up (Carry) Output (Active LOW)

54F/74F

U.L.

HIGH/LOW

1.0/3.0

1.0/3.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

50/33.3

50/33.3

Input I|H/I|L

Output Ioh/Iol

20 jiA/- 1.8 mA

20 juA/-1.8 mA

20/uiA/-0.6 mA

20 jmA/-0.6 mA

20jLiA/-0.6mA

-1 mA/20mA

-1 mA/20mA

-1 mA/20mA
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Functional Description

The "F193 is a 4-bit binary synchronous up/down (revers

ible) counter. It contains four edge-triggered flip-flops, with

internal gating and steering logic to provide master reset,

individual preset, count up and count down operations.

A LOW-to-HIGH transition on the CP input to each flip-flop

causes the output to change state. Synchronous switching,

as opposed to ripple counting, is achieved by driving the

steering gates of all stages from a common Count Up line

and a common Count Down line, thereby causing all state

changes to be initiated simultaneously. A LOW-to-HIGH

transition on the Count Up input will advance the count by

one; a similar transition on the Count Down input will de

crease the count by one. While counting with one clock in

put, the other should be held HIGH, as indicated in the

Function Table.

The Terminal Count Up (TCu) and Terminal Count Down

(TCd) outputs are normally HIGH. When the circuit has

reached the maximum count state 15, the next HIGH-to-

LOW transition of the Count Up Clock will cause TCy to go

LOW. TCy will stay LOW until CPy goes HIGH again, thus

effectively repeating the Count_Up Clock, but delayed by

two gate delays. Similarly, the TCD output will go LOW when

the circuit is in the zerojtate and the Count Down Clock

goes LOW. Since the TC outputs repeat the clock wave

forms, they can be used as the clock input signals to the

next higher order circuit in a multistage counter.

TCy = Qo • Qi • Q2 • Q3 • CPu

TCq = Qo • Q1 • Q2 • Q3 • CPd

The 'F193 has an asynchronous parallel load capability per

mitting the counter to be preset. When the Parallel Load

(PL) and the Master Reset (MR) inputs are LOW, informa

tion present on the Parallel Data input (P0-P3) is loaded

into the counter and appears on the outputs regardless of

the conditions of the clock inputs. A HIGH signal on the

Master Reset input will disable the preset gates, override

both clock inputs, and latch each Q output in the LOW state.

If one of the clock inputs is LOW during and after a reset or

load operation, the next LOW-to-HIGH transition of that

clock will be interpreted as a legitimate signal and will be

counted.

Function Table

MR

H

L

L

L

L

PL

X

L

H

H

H

CPu

X

X

H

_/~

H

CPD

X

X

H

H

Mode

Reset (Asyn.)

Preset (Asyn.)

No Change

Count Up

Count Down

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

S~ = LOW-to-HIGH Clock Transition

State Diagram
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Logic Diagram

(CARRY) (BORROW)) (

t

J S° Q -I
CP

K - Q

J u Q

CP

f
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature -65°C to +150°C

Ambient Temperature under Bias -55°C to +125°C

Junction Temperature under Bias -55°C to +175°C

VCc Pin Potential to

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

Symbol

V|H

V|L

VCD

V0H

V0L

llH

>BVI

IlL

los

ICEX

ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Mln

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-1.8

-150

250

38 55

Units

V

V

V

V

V

ftA

mA

mA

fiA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

"IN =

IOH =

IOH =

IOH =

IOL =

«OL =

V|N =

V|N =

V|N =

V|N =

VOUT

VOUT

-18 mA

-1 mA

-1mA

-1 mA

20 mA

20 mA

2.7V

7.0V

0.5V (MR, PL, Pn)

0.5V (CPU, CPD)

= 0V

= vcc
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tPHL

tpLH

tPHL

tpLH

tPHL

tpLH

tPHL

tPHL

tpLH

tPHL

tpLH

tPHL

tpLH

tPHL

Parameter

Maximum Count Frequency

Propagation Delay

CPy or CPp to

TCuorTCD

Propagation Delay

CPuorCPotoQn

Propagation Delay

PntoQn

Propagation Delay

PL to Qn

Propagation Delay

MRtoQn

Propagation Delay

MRtoTCy

Propagation Delay

MRtoTCD

Propagation Delay

PLtoTCuorTeD

Propagation Delay

PntoTCuorTCo

TA

Vcc

cL

Min

100

4.0

3.5

4.0

5.5

3.0

6.0

5.0

5.5

5.5

6.0

6.0

7.0

7.0

7.0

6.5

74F

= +25°C

= + 5.0V

= 50pF

Typ

125

7.0

6.0

6.5

9.5

4.5

11.0

8.5

10.0

11.0

10.5

11.5

12.0

11.5

11.5

11.0

Max

9.0

8.0

8.5

12.5

7.0

14.5

11.0

13.0

14.5

13.5

14.5

15.5

14.5

14.5

14.0

i

ta,v(

cl =

Min

75

4.0

3.5

3.5

5.5

3.0

6.0

5.0

5.5

5.0

5.0

6.0

7.0

6.0

6.0

5.0

54F

= 50 pF

Max

10.5

9.5

10.0

14.0

8.5

16.5

13.5

15.0

16.0

15.0

16.0

18.5

17.5

16.5

16.5

74F

TA,VC,

Mln

90

4.0

3.5

4.0

5.5

3.0

6.0

5.0

5.5

5.5

6.0

6.0

7.0

7.0

7.0

6.5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

tw(U

tw(L)

tw(U

tw(H)

tree

tree

Parameter

Setup Time, HIGH or LOW

PntoPL

Hold Time, HIGH or LOW

PntoPL

PL Pulse Width, LOW

CPy or CPp

Pulse Width, LOW

CPy or CPq

Pulse Width, LOW

(Change of Direction)

MR Pulse Width, HIGH

Recovery Time

PLtoCPuorCPD

Recovery Time

MRtoCPuorCPD

74F

TA= +25°C

VCc= +5.0V

Mln

4.5

4.5

2.0

2.0

6.0

5.0

10.0

6.0

6.0

4.0

Max

TA,V

Min

6.0

6.0

2.0

2.0

7.5

7.0

12.0

6.0

8.0

4.5

54F

fcc = Ml,

Max

: = Com

50 pF

Max

10.0

9.0

9.5

13.5

8.0

15.5

12.0

14.0

15.5

14.5

15.5

16.5

15.5

15.5

15.0

74F

TA,VCC

Min

5.0

5.0

2.0

2.0

6.0

5.0

10.0

6.0

6.0

4.0

= Com

Max

Units

MHz

ns

ns

ns

ns

ns

ns

ns

Units

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-3

2-3

2-3

2-3

2-3

Fig

No

2-6

2-4

2-4

2-4

2-4

2-6

2-6
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54F/74F194

4-Bit Bidirectional Universal Shift Register

General Description
The 'F194 is a high-speed 4-bit bidirectional universal shift

register. As a high-speed, multifunctional, sequential build

ing block, it is useful in a wide variety of applications. It may

be used in serial-serial, shift left, shift right, serial-parallel,

parallel-serial, and parallel-parallel data register transfers.

The 'F194 is similar in operation to the 'F195 universal shift

register, with added features of shift left without external

connections and hold (do nothing) modes of operation.

Features
■ Typical shift frequency of 150 MHz

■ Asynchronous master reset

■ Hold (do nothing) mode

■ Fully synchronous serial or parallel data transfers

Ordering Code: see section 5

Logic Symbols Connection Diagrams

IEEE/IEC
Pin Assignment for

DIP,SOICandFlatpak

Pin Assignment

forLCCandPCC

MR-

Si

R

>C4

T

1.4D

3.40

3,40

3.40

3,40

2.40

SRG4

1

/2— J

-Qo

-Qt

-Q2

MR-

DSR-

po-

P1""
P2-

P3-

°SL""
GND-

2

3

4

S

6

7

8

16

15

14

13

12

11

10

9

-Q,

-Q2

-Q3

-CP

"Si

-s0 OEHEHE301

CP Qj KC Q2 Q,

—

z
—

-0

DSL

DSR

So

S1

CP

MR

Po

Qo

Pi

Qi

P2

Q2

p3

Q3

I I I I

Unit Loading/Fan Out: See Section 2 for U.L definitions

Din

Names

So. Si

P0-P3

DSR

DSL
CP

MR

Q0-Q3

Description

Mode Control Inputs

Parallel Data Inputs

Serial Data Input (Shift Right)

Serial Data Input (Shift Left)

Clock Pulse Input (Active Rising Edge)

Asynchronous Master Reset Input (Active LOW)

Parallel Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

Input I|H/I|l

Output Ioh/Iol

20 /xA/ -0.6 mA

20 jmA/- 0.6 mA

20 jiA/- 0.6 mA

20ftA/-0.6mA

20 jutA/-0.6 mA

20 juA/- 0.6 mA

-1 mA/20mA
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Functional Description
The 'F194 contains four edge-triggered D flip-flops and the

necessary interstage logic to synchronously perform shift

right, shift left, parallel load and hold operations. Signals

applied to the Select (So, S-|) inputs determine the type of

operation, as shown in the Mode Select Table. Signals on

the Select, Parallel data (P0-P3) and Serial data (DSr, DSl)

inputs can change when the clock is in either state, provid

ed only that the recommended setup and hold times, with

respect to the clock rising_edge, are observed. A LOW sig

nal on Master Reset (MR) overrides all other inputs and

forces the outputs LOW.

Mode Select Table

Operating

Mode

Reset

Hold

Shift Left

Shift Right

Parallel Load

Inputs

MR

L

H

H

H

H

H

H

Si S0

X X

I I

h I

h I

I h

I h

h h

DSR DSL

X X

X X

X I

X h

I X

h X

X X

Pn

X

X

X

X

X

X

Pn

Outputs

Qo Qi Q2 Q3

L L L L

qo qi q2 q3

« z t h
L qo qi q2

h qo qi q2

PO P1 P2 P3

H (h) = High Voltage Level

L (I) = Low Voltage Level

pn (qn) = Lower case letters indicate the state of the referenced input (or output) one setup time prior to the LOW-to-HIGH clock transition.

X = Immaterial

Logic Diagram

TL/F/9498-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ _ ^ ASr AmW^ T«m™«*.,«

Debater, for avaMabmty and .pec.f.ca«ons. *%£!"*"* T""P"ifc" -55'C to +125'C
Storage Temperature -65°Cto+150°C Commercial 0°Cto+70pC

Ambient Temperature under Bias — 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5VtoVcc
TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current (Emit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

Ibvi

IlL

los

'CEX

lec

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 74F10%VCc

74F5%VCc

Output LOW 54F10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

33 46

Units

V

V

V

V

V

/xA

j*A

mA

mA

jaA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'lN = —18 mA

Ioh = -1 mA

'OH = -1 mA

Ioh = -1 mA

Iol = 20 mA

Iol = 20 mA

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V

VouT = 0V

VquT = Vcc
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpHL

Parameter

Maximum Shift Frequency

Propagation Delay

CPtoQn

Propagation Delay

MR to Qn

74F

TA= + 25°C

VCc = +5.0V

CL= 50 pF

Min Typ Max

105 150

3.5 5.2 7.0

3.5 5.5 7.0

4.5 8.6 12.0

54F

TA,Vcc = MII

CL = 50 pF

Mln Max

90

3.0 8.5

3.0 8.5

4.5 14.5

74F

TAf Vcc = Com

CL = 50 pF

Min Max

90

3.5 8.0

3.5 8.0

4.5 14.0

Units

MHz

ns

ns

Fig

No

2-1

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

tsd)

th(H)

th(L)

ts(H)

ts(L)

th(H)

th(L)

tw(H)

tw(L)

tree

Parameter

Setup Time, HIGH or LOW

Pn or Dsr or Dsl to CP

Hold Time, HIGH or LOW

Pn or Dsr or Dsl to CP

Setup Time, HIGH or LOW

SntoCP

Hold Time, HIGH or LOW

SntoCP

CP Pulse Width, HIGH

MR Pulse Width, LOW

Recovery Time MR to CP

74F

TA=+25'C

VCc= +5.0V

Mln Max

4.0

4.0

1.0

0

10.0

8.0

0

0

5.0

5.0

9.0

54F

Ta,vcc = mii

Mln Max

6.0

4.0

1.5

1.0

10.5

8.0

0

0

5.5

5.0

9.0

74F

Ta, VCc = Com

Min Max

4.0

4.0

1.0

1.0

11.0

8.0

0

0

5.5

5.0

11.0

Units

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-4

2-4

2-6
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54F/74F219

64-Bit Random Access Memory with TRI-STATE®

Outputs

<0

General Description
The 'F219 is a high-speed 64-bit RAM organized as a

16-word by 4-bit array. Address inputs are buffered to mini

mize loading and are fully decoded on-chip. The outputs are

TRI-STATE and are in the high-impedance state whenever

the Chip Select (CS) input is HIGH. The outputs are active

only in the Read mode. This device is similar to the 'F189

but features non-inverting, rather than inverting, data out

puts.

Features
■ TRI-STATE outputs for data bus applications

■ Buffered inputs minimize loading

■ Address decoding on-chip

■ Diode clamped inputs minimize ringing

Ordering Code: see section 5

Logic Symbol Connection Diagrams

Pin Assignment for

DIP,SOICandFlatpak

-0

z
-0

CS

a3

WE

Do

o0

Dt D2 D3

0, 02 Oj

I I I I

Ao"
cs-

WE-

Do"

°0~

D1~

°1"
GND-

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

Pin Assignment

forLCCandPCC

Dt 00 NC Dq WE

[U CD QD [5] H

-A3

-D3

-O3

~D2

-o2 |u| QU EU 03 |T8|

03 D3 NC A3 A2

Unit Loading/Fan Out: See Section 2 for U.L. definitions

Pin Names

A0-A3

CS

WE

D0-D3

O0-O3

Description

Address Inputs

Chip Select Input (Active LOW)

Write Enable Input (Active LOW)

Data Inputs

TRI-STATE Data Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/2.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input I|H/Iil

Output Ioh/'ol

20 jiA/- 0.6 mA

20 jmA/-1.2 mA

20 jmA/-0.6 mA

20 jaA/- 0.6 mA

-3mA/24mA(20mA)
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Function Table

Inputs

CS

L

L

H

WE

-1XX

Operation

Write

Read

Inhibit

Condition of Outputs

High Impedance

True Stored Data

High Impedance

H = HIGH Voltage Level

L - LOW Voltage Level

X = Immaterial

Block Diagram

A2

A3

DECODER

DRIVERS

ADDRESS

DECODER

Bo

1

D1 D2

| |
°3

1

DATA BUFFERS |[ 1

1 I I
16-WORD x 4-BIT

MEMORY CELL

T

\

ARRAY

I |
OUTPUT

BUFFERS

I I
Ot 0,

1
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c A. A .. . _ ^ ^ „, ^
D.s.r.bu«or, ,or ava..ab.my and ,pec.«ca«.on». R-jA^Amb-n. Temperature _^^ + ^^

Storage Temperature - 65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55QC to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to +7.0V

Input Current (Note 2) — 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOL (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

>IH

■bvi

IlL

'OZH

•OZL

los

'CEX

>ZZ

ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%VCc

74F10%Vcc

74F10%VCc
74F 5% VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW

Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH

Leakage Current

Bus Drainage Test

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

-1.2

50

-50

-60 -150

250

500

37 55

Units

V

V

V

V

V

^A

mA

MA

^A

mA

,iA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

'oh = ~1 mA

IOh= -3 mA

Ioh = -1 mA

Iqh = —3 mA

Ioh = -1 mA

IOh= -3 mA

Iql = 20 mA

Iql = 24 mA

V|N = 2.7V

V|N = 7.0V

V,N = 0.5V(An,WE,Dn)

V|N = 0.5V (CS)

V0UT = 2.7V

VOUT = 0.5V

V0UT = 0V

V0UT = Vcc

VOUT = Vcc

<0
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpLH

tpHL

tpZH

*PZL

tpHZ

tpi_Z

tpZH

tpZL

tPHZ

tpLZ

Parameter

Access Time, HIGH or LOW

AntoOn

Access Time, HIGH or LOW

CStoOn

Disable Time, HIGH or LOW

CStoOn

Write Recovery Time

HIGH or LOW, WE to On

Disable Time, HIGH or LOW

WE to On

74F

TA= +25-C

VCc= +5.0V

CL = 50 pF

Min Typ Max

10.0 18.5 26.0

8.0 13.5 19.0

3.5 6.0 8.5

5.0 9.0 13.0

2.0 4.0 6.0

3.0 5.5 8.0

6.5 20.0 28.0

6.5 11.0 15.5

4.0 7.0 10.0

5.0 9.0 13.0

54F

TA,VCC = Mil

CL = 50pF

Min Max

9.0 32.0

8.0 23.0

3.5 10.5

5.0 15.0

2.0 8.0

2.5 10.0

6.5 37.5

6.5 17.5

3.5 12.0

5.0 15.0

74F

TA,VCc = Com

CL = 50 pF

Min Max

10.0 27.0

8.0 20.0

3.5 9.5

5.0 14.0

2.0 7.0

3.0 9.0

6.5 29.0

6.5 16.5

4.0 11.0

5.0 14.0

Units

ns

- ns

Fig

No

2-3

2-5

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

MU

th(H)

th(L)

ts(H)

ts(L)

th(H)

th(D

ts(D

th(U

tw(L)

Parameter

Setup Time, HIGH or LOW

An to WE

Hold Time, HIGH or LOW

AntoWE

Setup Time, HIGH or LOW

DntoWE

Hold Time, HIGH or LOW

DntoWE

Setup Time, LOW

CStoWE

Hold Time, LOW

CStoWE

WE Pulse Width, LOW

74F

TA= +25-C

VCc= +5.0V

Min Max

0

0

2.0

2.0

10.0

10.0

0

0

0

6.0

6.0

54F

Ta,vcc = mii

Min Max

0

0

2.0

2.0

11.0

11.0

2.0

2.0

0

7.5

7.5

74F

Ta, VCc = Com

Min Max

0

0

2.0

2.0

10.0

10.0

0

0

0

6.0

6.0

Units

ns

ns

ns

ns

Fig

No

2-6

2-6

2-6

2-4
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54F/74F240«54F/74F241»54F/74F244

Octal Buffers/Line Drivers with TRI-STATE® Outputs

General Description
The 'F240, fF241 and 'F244 are octal buffers and line driv

ers designed to be employed as memory and address driv

ers, clock drivers and bus-oriented transmitters/receivers

which provide improved PC and board density.

Features
■ TRI-STATE outputs drive bus lines or buffer memory

address registers

■ Outputs sink 64 mA (48 mA mil)

■ 12 mA source current

■ Input clamp diodes limit high-speed termination effects

Ordering Code: see section 5

Connection Diagrams

Pin Assignment

for LCC and PCC

'3 °6 «2 65 11
\E H DO QD DO

'F240

E3 GU El EzJ El

02 '5 5, 4 0o

13 o6 i2 o5

TL/F/9501-2

'F241

GNDESl

o2 i5 o

'F244

GND Go]!:

o2 i5 ot i4 o0

Pin Assignment

for DIP, SOIC and Flatpak

olr

b-
04-

h"

<V

'2"

°6

b-

GND-

1

_2

4

6

7

9

10

H^=

H5=
—5,

—?,

—1

20

il
18

17

il
IS

14

13

il
11

"Vcc
-01,

-u
-0,

-b

•'s

•03
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Logic Symbols

IEEE/IEC

'F240

J
'o —

!1 —

l2 —

!3

> V

"°2
•03

■jr J
4—

'5 —

'6 —""

"7 —

> V

•°7

IEEE/IEC

T241

0E2—I EN

A
0—

1 —

h—

!3

> V

—o2

—03

U—

'5 —

'6 —

'7 —

> V 04

—05

—06

IEEE/IEC

'F244

1
> V —o0

—o2

-t J Hm J
4—

l5

'6 —

"7 —

> V —o4

—05

TL/F/9501-7

Unit Loading/Fan Out: See Section 2 for UL definitions

Pin Names

OE1.OE2
OE2

I0-I7

I<H7
O0-O7, O0-O7

Description

TRI-STATE Output Enable Input (Active LOW)

TRI-STATE Output Enable Input (Active HIGH)

Inputs ('F240)

Inputs ('F24VF244)

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.667

1.0/1.667

1.0/1.667*

1.0/2.667*

150/106.6(80)

Input I,h/Iil

Output Ioh/Iol

20julA/-1 mA

20ju,A/-1 mA

20/aA/-1 mA

20 juiA/ — 1.6 mA

-12mA/64mA(48mA)

*Worst-case 'F240 enabled; 'F241, 'F244 disabled

Truth Tables
•F240

OE!

H

L

L

Dm

X

H

L

Om

Z

H

L

OE2

H

L

L

D2n

X

H

L

o2n

z

H

L

'F241

Oil

H

L

L

Dm

X

H

L

Om

z

H

L

OE2

L

H

H

D2n

X

H

L

o2n

z

H

L

'F244

OEi

H

L

L

Dm

X

H

L

Om

z

H

L

OE2

H

L

L

D2n

X

H

L

o2n

z

H

L

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . A bjent T erature

Distributors for availability and specifications. Military - 55°C to +125°C

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias — 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°Cto + T75°C Military +4.5Vto +5.5V

VCC Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to +7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

VOH

V0L

I|H

•bvi

IlL

•OZH

>OZL

•os

ICEX

Izz

'CCH

»CCL

»CCZ

ICCH

ICCL

•ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 54F10%VCc

74F10%Vcc

74F10%VCc
74F 5% VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input High Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current ('F240)

Power Supply Current ('F240)

Power Supply Current ('F240)

Power Supply Current

('F24VF244)

Power Supply Current

('F24VF244)

Power Supply Current

('F241, fF244)

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.4

2.0

2.4

2.0

2.7

2.0

0.55

0.55

20

100

-1.0

-1.6

50

-50

-100 -225

250

500

19 29

50 75

42 63

40 60

60 90

60 90

Units

V

V

V

V

V

,tA

l*A

mA

ILlA

pA

mA

»A

IxA

mA

mA

mA

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

•lN = -18 mA

Iqh = —3 mA

Ioh = -12 mA

Iqh = "3 rnA

IOh= -12 mA

'OH = ~3 mA
Ioh = -15 mA

Iql = 48 mA

Iql = 64 mA

V,N = 2.7V

V|N = 7.0V

V,N = 0.5V (OE1f OE2, OE2, Dn ('F240))

V,N = 0.5V(Dn('F24VF244))

VoUT = 2.7V

V0UT = 0.5V

V0UT = 0V

VOUT = VCC

VoUT = Vcc

Vo = HIGH

Vo = LOW

Vo = HIGH Z

Vo = HIGH

Vo = LOW

Vo = HIGH Z

i

i
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA = +25°C

YCc= +50V

CL = 50 pF

Min Typ Max

54F

CL = 50 pF

Min Max

74F

Ta, VCc = Com

CL = 50 pF

Min Max

Units
Fig

No

tPLH Propagation Delay

Data to Output ('F240)

3.0

2.0

5.1

3.5

7.0

4.7

3.0

2.0

9.0

6.0

3.0

2.0

8.0

5.7
ns 2-3

tpZH

tpZL

Output Enable Time (fF240) 2.0

4.0

3.5

6.9

4.7

9.0

2.0

4.0

6.5

10.5

2.0

4.0

5.7

10.0

tPHZ

tpLZ

Output Disable Time ('F240) 2.0

2.0

4.0

6.0

5.3

8.0

2.0

2.0

6.5

12.5

2.0

2.0

6.3

9.5

2-5

tPLH

tpHL

Propagation Delay

Data to Output ('F241, "F244)

2.5

2.5

4.0

4.0

5.2

5.2

2.0

2.0

6.5

7.0

2.5

2.5

6.2

6.5
ns 2-3

tpZL

Output Enable Time

CF24VF244)

2.0

2.0

4.3

5.4

5.7

7.0

2.0

2.0

7.0

8.5

tPHZ

tpLZ

Output Disable Time

('F241/F244)

2.0

2.0

4.5

4.5

6.0

6.0

4-190

2.0

2.0

7.0

7.5

2.0

2.0

2.0

2.0

6.7

8.0

7.0

7.0

ns 2-5
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ADVANCED INFORMATION

54F/74F242

Quad Bus Transceiver with TRI-STATE® Outputs

General Description

The 'F242 is a quad bus transmitter/receiver designed for

4-line asynchronous 2-way data communications between

data busses.

Features
■ 2-way asynchronous data bus communication

■ Input clamp diodes limit high-speed termination effects

Logic Symbol

IEEE/IEC

Connection Diagrams

EN1

EN2

VI <

2V

Pin Assignment

forLCCandPCC

A2 KC A1 NC Aq

do \b on m h

:trSo

B, NC BJj NC NC

NC-

l*i
A2J
A3-S
GND—

Pin Assignment

forDIP,SOIC

and Flatpak

-4

j-

III33E
L

"i
L

—i

L

s-s,

TL/F/8578-2

Truth Table

L

L

H

H

Inputs

E2

L

H

L

H

Inputs/Outputs

An

Input

N/A

Z

A = B

Bn

B = A

N/A

Z

Input

H = HIGH Voltage Level

L = LOW Voltage Level

Z = High Impedance

N/A = Not Allowed Due to Excessive Currents
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54F/74F243

Quad Bus Transceiver with TRI-STATE® Outputs

General Description
The 'F243 is a quad bus transmitter/receiver designed for

4-line asynchronous 2-way data communications between

data busses.

Features
■ 2-Way asynchronous data bus communication

■ Input clamp diodes limit high-speed termination effects

Ordering Code: see section 5

Logic Symbol Connection Diagrams

k—■

An • ^

L_

IEEE/IEC

EN1

EN2

VI <

> 2V

Pin Assignment

forDIP.SOICandFlatpak

TL/F/9502-3

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

E1

E2

An,Bn

Description

Enable Input (Active LOW)

Enable Input (Active HIGH)

Inputs

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.67

1.0/1.67

3.5/2.67

600/106.6(80)

Input Iih/Iil

Output Ioh/Iol

20 jllA/ -1 mA

20/xA/-1 mA

70 |mA/-1.6 mA

-12mA/64mA(48mA)

Truth Table

Inputs

Ei

L

L

H

H

E2

L

H

L

H

Inputs/Outputs

An

Input

N/A

Z

A = B

Bn

B = A

N/A

Z

Input

H = HIGH Voltage Level

L = LOW Voltage Level

Z = High Impedance

N/A = Not Allowed

Pin Assignment

for LCC and PCC

Aj NC A, KC Aq

[E LH [E [U LH
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ Free Air Ambient TemnamturB
Distributors for availability and specifications. Military TemPerature _55OC tQ +^
Storage Temperature -65°Cto+150°C Commercial 0°Cto+70°C

Ambient Temperature under Bias — 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

•bvi

'bvit

IlL

I|H + lOZH

IlL + IOZL

los

ICEX

'CCH

»CCL

iccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F 5% VCc

74F5%VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.4

2.0

2.4

2.0

2.7

2.0

0.55

0.55

20

100

1.0

-1.0

70

-1.6

-100 -225

250

64 80

64 90

71 90

Units

V

V

V

V

V

j*A

jiA

mA

mA

jiA

mA

mA

,*A

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = —18 mA

IOH= -3mA(An,Bn)

IOH= -12mA(An,Bn)

IOH= -3mA(An,Bn)

IOH= -12 mA (An, Bn)

IOH= -3mA(An,Bn)

IOH= -15 mA (An, Bn)

lOL = 48mA(An,Bn)

lOL = 64mA(An,Bn)

V|N = 2.7V

V|N = 7.0V(E1,E2)

V,N = 5.5V(An,Bn)

V|N = 0.5V(E1,E2)

VOUT = 2.7V(An>Bn)

VOUT = 0.5V(An,Bn)

VOUT = 0V(An,Bn)

Vout = Vcc

V0 = HIGH

Vo = LOW

Vo = HIGH Z

&

4-193



AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCC= +5.0V

CL = 50 pF

Min Typ Max

54F

TA, VCc = Mil

CL=50pF

Min Max

74F

Ta. VCc = Com

CL = 50 pF
Units

Fig

No

Min Max

tpLH Propagation Delay

AntoBn,BntoAn

2.5

2.5

4.0

4.0

5.2

5.2

2.0

2.0

6.5

8.5

2.0

2.0

6.2

6.5
ns 2-3

tpZH

tpZL

Output Enable Time

E1toBntE2toAn

2.0

2.0

4.3

5.8

5.7

7.5

2.0

2.0

8.0

10.5

2.0

2.0

6.7

8.5
2-5

tpHZ

tpLZ

Output Disable Time

E1toBn>E2toAn

2.0

2.0

4.5

4.5

6.0

6.0

1.5

2.0

7.5

8.5

1.5

2.0

7.0

7.0
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Semiconductor

54F/74F245

Octal Bidirectional Transceiver with TRI-STATE® Outputs

General Description
The 'F245 contains eight non-inverting bidirectional buffers

with TRI-STATE outputs and is intended for bus-oriented

applications. Current sinking capability is 24 mA (20 mA Mil)

at the A ports and 64_mA (48 mA Mil) at the B ports. The

Transmit/Receive (T/R) input determines the direction of

data flow through the bidirectional transceiver. Transmit (ac

tive HIGH) enables data from A ports to B ports; Receive

(active LOW) enables data from B ports to A ports. The

Output Enable input, when HIGH, disables both A and B

ports by placing them in a High Z condition.

Features
■ Non-inverting buffers

■ Bidirectional data path

■ A outputs sink 24 mA (20 mA Mil)

■ B outputs sink 64 mA (48 mA Mil)

Ordering Code: see section 5

Logic Symbols Connection Diagrams

-O0E

I I I I I I I I
A3 A4 A7

T/R
B2 B3 B4 B5 B6

Pin Assignment for

DIP, SOIC and Flatpak

I I I I I I I I
TL/F/9503-3

IEEE/IEC

Aq t 4

A1"
A2-

A3-
A4-

63

3 EN1 (BA)

3 EN2 (AB)

VI <J

> 2V

Pin Assignment

for LCC and PCC

A6 A5 A< A3 A2

A7E1
GNDdo]

B7E3

p

I
~f

f

i
if

I!!■
if

s

1

if

II?
LTl7

;q]t/s

Vcc

TL/F/9503-1

(ul QU [16] [17] [HI

B4 B3 B2 B1 B0

TL/F/9503-2

B4

h
*>-B6

4-^-B7

TL/F/9503-4
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3
Unit Loading/Fail Out: See Section 2 for U.L. definitions

Pin Names

OE

T/R

A0-A7

B0-B7

Description

Output Enable Input (Active LOW)

Transmit/Receive Input

Side A Inputs or

TRI-STATE Outputs

Side B Inputs or

TRI-STATE Outputs

54F/74F

U.L.

HIGH/LOW

1.0/2.0

1.0/2.0

3.5/1.083

150/40(38.3)

3.5/1.083

600/106.6(80)

Input I|H/Iil

Output Ioh/Iol

20 fxA/-1.2 mA

20 jmA/-1.2 mA

70 julA/-0.65 mA

-3mA/24mA(20mA)

70 j*A/ -0.65 mA

-12mA/64mA(48mA)

Truth Table

Inputs

OE T/R

L L

L H

H X

Output

Bus B Data to Bus A

Bus A Data to Bus B

High Z State

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c^AirA^^T^n^,^

D.,.r.butors lor ava..ab,.«y and specimens. 'Zto"^^^ -w,o + 1*C
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias — 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) —30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

>BVI

'bvit

IlL

'iH + IOZH

IlL + 'OZL

los

ICEX

izz

'CCH

ICCL

leez

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F 5% Vcc

74F5%Vcc

Output LOW 54F10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCC

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output High Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.4

2.0

2.4

2.0

2.7

2.0

0.5

0.55

0.5

0.55

20

100

1.0

-1.2

70

-650

-60 -150

-100 -225

250

500

70 90

95 120

85 110

Units

V

V

V

V

V

pA

mA

mA

,iA

t*A

mA

pA

^A

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

IOH= "3 mA (An)

IOH= -12mA(Bn)

l0H=-3mA(An)

IOH= -12mA(Bn)

IOH= "3 mA (An)

IOh= -15mA(Bn)

Iql = 20 mA (An)

Iol = 48 mA (Bn)

Iol = 24 mA (An)

Iol = 64 mA (Bn)

V|N = 2.7V

V|N = 7.0V (OE, T/R)

V,N = 5.5V(An,Bn)

V,N = 0.5V (T/R. OE)

VOUT = 2.7V(An,Bn)

VOUT = 0.5V(An,Bn)

VOUT = 0V(An)

VOUT = 0V(Bn)

V0UT = Vcc(An,Bn)

V0UT = Vcc(An,Bn)

Vo = HIGH

V0 = LOW

Vo = HIGH Z

ro
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA = +25°C

VCc = +5.0V

MIn Typ

54F

CL=50pF

MIn Max

74F

50pF
Units

Fig

No

Min Max

tpLH

tpHL

Propagation Delay

AntoBnorBntoAn

2.5

2.5

4.2

4.2

6.0

6.0

2.0

2.0

7.5

7.5

2.0

2.0

7.0

7.0
ns 2-3

Output Enable Time

tpZL

3.0

3.5

5.3

6.0

7.0

8.0

2.5

3.0

9.0

10.0

tPHZ

tpLZ

Output Disable Time 2.0

2.0

5.0

5.0

6.5

6.5

2.0

2.0
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National
Semiconductor

54F/74F251A

8-lnput Multiplexer with TRI-STATE® Outputs

2
>

General Description
The 'F251A is a high-speed 8-input digital multiplexer. It pro

vides, in one package, the ability to select one bit of data

from up to eight sources. It can be used as a universal func

tion generator to generate any logic function of four vari

ables. Both assertion and negation outputs are provided.

Features
■ Multifunctional capability

■ On-chip select logic decoding

■ Inverting and non-inverting TRI-STATE outputs

Ordering Code: see section 5

Logic Symbols Connection Diagrams

so

Si

s2

OE

|

>0

1
'i

z

1
'2

|
'3

|
U

1

'5

z

1 1
«6 "7

Pin Assignment for

DIP,SOICandFlatpak

OE-*

s0 —

S2_

•o —

'1—

'2—

'3 —

U—

!5

>6

b —

IEEE/IEC

MUX

EN

'1.-
.]'
0

1 V

2 V

3

4

5

6

7

h-

h-
it-

•o-
z-

z-

6e-

GND-

V.

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-vcc

Pin Assignment

forLCCandPCC

Z Z NC \q I,

E] El d] [5] H

-u

"Si

-s2 O QH El EH El

So »7 NC % %

— Z

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

so-s2

Se

I0-I7
z

z

Description

Select Inputs

TRI-STATE Output Enable Input (Active LOW)

Multiplexer Inputs

TRI-STATE Multiplexer Output

Complementary TRI-STATE Multiplexer Output

54F/74F

U.L

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

150/40(33.3)

Input I,H/I|L

Output Ioh/Iol

20 jaA/- 0.6 mA

20 jaA/-0.6 mA

20 fiA/-0.6 mA

-3mA/24mA(20mA)

-3mA/24mA(20mA)
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Functional Description
This device is a logical implementation of a single-pole, 8-

position switch with the switch position controlled by the

state of three Select inputs, So, S1f S2. Both assertion and

negation outputs are provided. The Output Enable input

(OE) is active LOW. When it is activated, the logic function

provided at the output is:

Z = O

maximum ratings. The Output Enable signals should be de

signed to ensure there is no overlap in the active LOW por

tion of the enable voltages.

When the Output Enable is HIGH, both outputs are in the

high impedance (High Z) state. This feature allows multi

plexer expansion by tying the outputs of up to 128 devices

together. When the outputs of the TRI-STATE devices are

tied together, all but one device must be in the high imped

ance state to avoid high currents that would exceed the

Truth"

OE

H

L

L

L

L

L

L

L

L

Fable

Inputs

S2

X

L

L

L

L

H

H

H

H

Si

X

L

L

H

H

L

L

H

H

So

X

L

H

L

H

L

H

L

H

Outputs

z

z

io
h

h

h
U
is

i7

z

z

lo

h

i3

U

is

I?

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

Logic Diagram

io ii

z z

TL/F/9504-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ Free Air Ambient Temoerature
Distributors for availability and specifications. Military Temperature ^^^ ^^^

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to Vcc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

•bvi

IlL

lOZH

IOZL

los

ICEX

izz

'CCL

Iccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 54F10%Vcc

74F10%Vcc

74F10%VCc

74F 5% VCc

74F 5% Vcc

Output LOW 54F10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

15 22

16 24

Units

V

V

V

V

V

,iA

fiA

mA

^A

,xA

mA

M,A

^A

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

llM = -18 mA

Ioh = ~1 mA

•oh = -3 mA

IOH = -1 mA

Ioh = -3 mA

Ioh = -1 mA

Ioh = -3 mA

Iol = 20 mA

Iol = 24 mA

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V

VOUT = 2.7V

VOUT = 0.5V

V0UT = 0V

Vout = vCc

VOUT = Vcc

V0 = LOW

Vo = HIGH Z

IO
Ol

4-201



AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpi_H

tPHL

tpi_H

tPHL

tpLH

tPHL

tpi_H

tPHL

tpZH

tpZL

tpHZ

tpLZ

tpZH

tpZL

tpHZ

tpLZ

Parameter

Propagation Delay

SntoZ

Propagation Delay

SntoZ

Propagation Delay

IntoZ

Propagation Delay

IntoZ

Output Enable Time

OEtoZ

Output Disable Time

OEtoZ

Output Enable Time

OEtoZ

Output Disable Time

OEtoZ

74F

TA= +25°C

VCc = +5.0V

CL = 50 pF

Min Typ Max

3.5 6.0 9.0

3.2 5.0 7.5

4.5 7.5 10.5

4.0 6.0 8.5

3.0 5.0 6.5

1.5 2.5 4.0

3.5 5.0 7.0

3.5. 5.5 7.0

2.5 4.3 6.0

2.5 4.3 6.0

2.5 4.0 5.5

1.5 3.0 4.5

3.5 5.0 7.0

3.5 5.5 7.5

2.0 3.8 5.5

1.5 3.0 4.5

54F

TA,Vcc = MII

CL = 50pF

Min Max

3.5 11.5

3.2 8.0

3.5 14.0

3.0 10.5

2.5 8.0

1.5 6.0

2.5 9.0

3.5 9.0

2.0 7.0

2.5 7.5

2.5 6.0

1.5 5.0

3.0 8.5

3.5 9.0

2.0 5.5

1.5 5.5

74F

Ta. VCc = Com

CL = 50 pF

Min Max

3.5 9.5

3.2 7.5

4.5 12.5

4.0 9.0

3.0 7.0

1.5 5.0

2.5 8.0

3.5 7.5

2.5 7.0

2.5 6.5

2.5 6.0

1.5 4.5

3.0 7.5

3.5 8.0

2.0 5.5

1.5 4.5

Units

ns

ns

ns

ns

ns

ns

Fig

No

2-3

2-3

2-3

2-3

2-5

2 5
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54F/74F253

Dual 4-lnput Multiplexer with TRI-STATE® Outputs

s

General Description
The fF253 is a dual 4-input multiplexer with TRI-STATE®

outputs. It can select two bits of data from four sources

using common select inputs. The output may be individually

switched to a high impedance state with a HIGH on the

respective Output Enable (OE) inputs, allowing the outputs

to interface directly with bus oriented systems.

Features
■ Multifunction capability

■ Non-inverting TRI-STATE outputs

Ordering Code: see section 5

Logic Symbols

I I I I I I I I

Connection Diagrams

!0a 'la '2a (3a *0b 'ib >2b *3b

Pin Assignment for

DIP, SOIC and Flatpak

IEEE/IEC

'Oa—1

•la"

'2a-

'3a-

>0b

'ib

'2b—

'3b—

MUX

EN

0

1

2

3

r

V

0fa-

S1-

l3a-

'2a-

•la"

'Oa"

za-
GND-

1

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-0Eb

•'2b

•'ib

-'Ob

Pin Assignment

forLCCandPCC

'Oa'ia NCI2a'3a
E [3 [|] [5] [4]

Ol EH EH Qzl EH

hb '2b NC '3b S0

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

Ioa-l3a
•ob-'ab
So-S!

5Ea
OEb

Za,Zb

Description

Side A Data Inputs

Side B Data Inputs

Common Select Inputs

Side A Output Enable Input (Active LOW)

Side B Output Enable Input (Active LOW)

TRI-STATE Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input I|H/I|l

Output Ioh/Iol

20 jaA/- 0.6 mA

20 iiA/- 0.6 mA

20 fxA/-0.6 mA

20 jitA/-0.6 mA

20 jttA/-0.6 mA

-3mA/24mA(20mA)
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Functional Description
This device contains two identical 4-input multiplexers with

TRI-STATE outputs. They select two bits from four sources

selected by common Select inputs (So, Si)/rhe 4-input mul

tiplexers have individual Output Enable (OEa, OEt,) inputs

which, when HIGH, force the outputs to a high impedance

(High Z) state. This device is the logic implementation of a

2-pole, 4-position switch, where the position of the switch is

determined by the logic levels supplied to the two select

inputs. The logic equations for the outputs are shown below:

Za = OEa • (Irja • §1 •J§0 + ha • §1 • So +
l2a • S-j • So + l3a • Si • So)

Zb = OEb • (lOb • §1 • So + hb • §1 • So +
l2b • Si • So + l3b • Si • So)

If the outputs of TRI-STATE devices are tied together, all

but one device must be in the high impedance state to avoid

high currents that would exceed the maximum ratings. De

signers should ensure that Output Enable signals to TRI-

STATE devices whose outputs are tied together are de

signed so that there is no overlap.

Truth Table

Select

Inputs

So Si

X X

L L

L L

H L

H L

L H

L H

H H

H H

Data Inputs

«o li h "3

XXXX

L X X X

H X X X

X L X X

X H X X

X X L X

X X H X

X X X L

X X X H

Output

Enable

01

H

L

L

L

L

L

L

L

L

Output

Z

z

L

H

L

H

L

H

L

H

Logic Diagram

Address inputs So and S^ are common to both sections.

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

s0

11

TL/F/8505-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c A- a k-« ♦x««««r«*.,r«

Distributors for availability and specifications. Military Temperature _55OC tQ + 125,c
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

Vqc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

llH

>BVI

IlL

'OZH

Jozl

•os

ICEX

izz

•CCH

ICCL

»CCZ

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F5%VCc

74F5%VCC

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

-100 -225

250

500

11.5 16

16 23

16 23

Units

V

V

V

V

V

,xA

,tA

mA

,xA

,iA

mA

MA

,iA

mA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

I!IIIIIIIIII IIIIII CO-»•CO-»•CO-»• linn
Iol = 20 mA

Iol = 24 mA

Vin = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 2.7V

V0UT = 0.5V

V0UT = 0V

VquT = 0V

Vout = Vcc

VoUT = Vcc

V0 = HIGH

Vo = LOW

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc = +5.0V

CL = 50pF

Min Typ Max

54F

CL = 50 pF

Mln Max

74F

CL = 50 pF
Units

Fig

No

Mln Max

tPLH

tpHL

Propagation Delay

SntoZn

4.5

3.0

8.5

6.5

11.5

9.0

3.5

2.5

15.0

11.0

4.5

3.0

13.0

10.0
2-3

tpLH

tpHL

Propagation Delay

lntoZn

3.0

2.5

5.5

4.5

7.0

6.0

2.5

2.5

9.0

8.0

3.0

2.5

8.0

7.0
ns 2-3

tpZH

tpZL

Output Enable Time 3.0

3.0

6.0

6.0

8.0

8.0

2.5

2.5

10.0

10.0

tpHZ

tpLZ

Output Disable Time 2.0

2.0

3.7

4.4

5.0

6.0

2.0

2.0
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6.5

8.0

3.0

3.0

2.0

2.0
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9.0
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54F/74F256

Dual 4-Bit Addressable Latch

General Description
The 'F256 dual addressable latch has four distinct modes of

operation which are selectable by controlling the Clear and

Enable inputs (see Function Table). In the addressable latch

mode, data at the Data (D) inputs is written into the ad

dressed latches. The addressed latches will follow the Data

input with all unaddressed latches remaining in their previ

ous states.

In the memory mode, all latches remain in their previous

states and are unaffected by the Data or Address inputs. To

eliminate the possibility of entering erroneous data in the

latches, the enable should be held HIGH (inactive) while the

address lines are changing. In the dual 1-of-4 decoding or

demultiplexing mode (MR = E = LOW), addressed outputs

will follow the level of the D inputs with all other outputs

LOW. In the clear mode, all outputs are LOW and unaffect

ed by the Address and Data inputs.

Features
■ Combines dual demultiplexer and 8-bit latch

■ Serial-to-parallel capability

■ Output from each storage bit available

■ Random (addressable) data entry

■ Easily expandable

■ Common clear input

■ Useful as dual 1-of-4 active HIGH decoder

Logic Symbols

I I

Connection Diagrams

-o

-o

Da

Pin Assignment

forDIP,SOICandFlatpak

Pin Assignment

forLCCandPCC

i i i i i i i i
TL/F/9506-3

IEEE/IEC

DX

0

1J 3 2

3

0

1

2

3

ZS

Z6

G4

5.7D

1-

MD

TT-C8

Ao-
A,-

Da-

Q0a-

Qia"

Q2a™

Q3a"
GND-

V.

2

3

4

5

6

7

8

16

IS

14

13

12

11

10

9

Qib

—Q2b

vcc

-MR

-E

-Ob
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Mode Select-Function Table

Operating

Mode

Inputs

MR Ao

Outputs

Qo

Master Reset

Demultiplex

(Active HIGH

Decoder

when D = H)

d L

d H

d L

d H

Q = d

L

L

L

L

Q = d

L

L

L

L

Q = d

L

L

L

L

Q = d

Store

(Do Nothing)

Addressable

Latch

H

H

H

H

d L

d H

d L

d H

L

L

H

H

Q = d

qo

qo

go

Q = d

Q = d

Q = d

H = HIGH Voltage Level Steady State

L = LOW Voltage Level Steady State

X = Immaterial

d = HIGH or LOW Data one setup time prior to the LOW-to-HIGH Enable transition

q = Lower case letters indicate the state of the referenced output established during the last cycle in which it was addressed or cleared.

Logic Diagram

00a 01a 0u Oja 00b 01b 02b 03b

TL/F/9506-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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54F/74F257A

Quad 2-lnput Multiplexer with TRI-STATE® Outputs

General Description
The 'F257A is a quad 2-input multiplexer with TRI-STATE

outputs. Four bits of data from two sources can be selected

using a Common Data Select input. The four outputs pres

ent the selected data in true (non-inverted) form. The out

puts may be switched to a high impedance state with a

HIGH on the common Output Enable (OE) input, allowing

the outputs to interface directly with bus-oriented systems.

Features
■ Multiplexer expansion by tying outputs together

■ Non-inverting TRI-STATE outputs

■ Input clamp diodes limit high-speed termination effects

Ordering Code: see section 5

Logic Symbols

I I I I I I I I

Connection Diagrams

-OOE

•oa ha !0b hb "Oc he (0d 'id

Pin Assignment

for DIP, SOIC and Flatpak

1 I I I
TL/F/9507-3

IEEE/IEC

0E

S

•la-

•ob-

"Od"

hd-

•oc-

MUX>

!0a"

ha"
za-

•ob-

zb-

GND-

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

Pin Assignment

for LCC and PCC

'ib fab « Za ha
go e m m in

-OE

-loo

"he

-'0d

"■id

-zd

TL/F/9507-1

EH ED 01 Ezl ED

bd Zc NC l1c ^

TL/F/9507-2

— zb

— zd

-zc

TL/F/9507-5

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

S

'Oa-lod

ha-hd

Za-Zd

Description

Common Data Select Input

TRI-STATE Output Enable Input (Active LOW)

Data Inputs from Source 0

Data Inputs from Source 1

TRI-STATE Multiplexer Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input I,h/I|l

Output Ioh/'ol

20 jaA/-0.6 mA

20 ixA/-0.6 mA

20 jaA/-0.6 mA

20/xA/-0.6 mA

-3mA/24mA(20mA)
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Functional Description
The 'F257A is a quad 2-input multiplexer with TRI-STATE

outputs. It selects four bits of data from two sources under

control of a Common Data Select input. When the Select

input is LOW, the lOx inputs are selected and when Select is

HIGH, the lix inputs are selected. The data on the selected

inputs appears at the outputs in true (non-inverted) form.

The device is the logic implementation of a 4-pole, 2-posi-

tion switch where the position of the switch is determined by

the logic levels supplied to the Select input. The logic equa

tion for the outputs is shown below:

When the Output Enable input (OE) is HIGH, the outputs are

forced to a high impedance OFF state. If the outputs are

tied together, all but one device must be in the high imped

ance state to avoid high currents that would exceed the

maximum ratings. Designers should ensure the Output En

able signals to TRI-STATE devices whose outputs are tied

together are designed so there is no overlap.

Logic Diagram

OE

Truth Table

Output

Enable

OE

H

L

L

L

L

Select

Input

S

X

H

H

L

L

Data

Inputs

■o Ii

X X

X L

X H

L X

H X

Output

Z

z

L

H

L

H

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

TL/F/9507-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note 1) Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ c A. A .. t - ng> atl r.

Distributors for availability and specifications. Military TemP0rature _5goc fo +^Q
Storage temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCC Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

Ibvi

"lL

'ozh

lOZL

los

ICEX

izz

•CCH

ICCL

•ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F 5% VCc

74F5%VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

9.0 15

14.5 22

15 23

Units

V

V

V

V

V

^A

,iA

mA

{xA

ixA

mA

ILiA

MA

mA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'lN = —18 mA

IOh= -1mA

Iqh = "3 mA

IOh= -1mA

'OH = "3 mA

IOh= -1mA

'OH = —3 mA

Iol = 20 mA

Iol = 24 mA

V,N = 2.7V

V,N = 7.0V

V,N = 0.5V

Vqut = 2.7V

V0UT = 0.5V

VoUT = 0V

VoUT = Vcc

VOUT = Vcc

Vo = HIGH

Vo = LOW

V0 = HIGH Z

to
en
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCC = +5.0V

CL= 50 pF

Mln Typ Max

54F

TA, VCc = Mil

CL = 50 pF

Mln Max

74F

CL = 50pF
Units

Fig

No

Mln Max

tpLH Propagation Delay 2.5

2.0

4.5

4.2

5.5

5.5

2.0

1.5

7.0

7.0

2.0

2.0

6.0

6.0
2-3

tpLH

tpHL

Propagation Delay

StoZn

4.0

2.5

10.1

6.5

9.5

7.0

3.5

2.5

11.5

9.0

3.5

2.5

10.5

8.0
2-3

tpZH

tpZL

Output Enable Time 2.0

2.5

5.9

5.5

6.0

7.0

2.0

2.5

8.0

9.0

tpHZ

tpLZ

Output Disable Time 2.0

2.0

4.3

4.5

6.0

6.0

2.0

2.0
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7.0

8.5

2.0

2.5

2.0

2.0

7.0

8.0
ns 2-5

7.0
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54F/74F258A

Quad 2-lnput Multiplexer with TRI-STATE® Outputs

General Description
The 'F258A is a quad 2-input multiplexer with TRI-STATE

outputs. Four bits of data from two sources can be selected

using a common data select input. The four outputs present

the selected data in the complement (inverted) form. The

outputs may be switched to a high impedance state with a

HIGH on the common Output Enable ((5E) input, allowing

the outputs to interface directly with bus-oriented systems.

Features
■ Multiplexer expansion by tying outputs together

■ Inverting TRI-STATE outputs

Ordering Code: see section 5

Logic Symbols

I 1 I I I I I I

Connection Diagrams

•oa 'la (0b 'ib 'oc (1c

OE

S

Za Zb Zc

? ? ?

IEEE/IEC

0E-*

S

•la—

•ib—

•oc—

'od—

EN

G1

T C

MUX>

T V
1

Od (1d

zd

TL/F/9508-3

Pin Assignment

for DIP, SOIC and Flatpak

s-

•oa"
l1a—

za-

•ob-

•ib"
zb-

GND-

V.

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-vcc
-OE

-zc

-•id

-zd

Pin Assignment

forLCCandPCC

hb «0b NC %> lJa
El {7} H] H] H

O EH Ell E2l EH

•od Zc nc i1c Iq,

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

S

OE

•oa-'od

ha-hd
Za-Zd

Description

Common Data Select Input

TRI-STATE Output Enable Input (Active LOW)

Data Inputs from Source 0

Data Inputs from Source 1

TRI-STATE Inverting Data Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input I,H/I|L

Output Ioh/'ol

20 ftA/-0.6 mA

20 jliA/-0.6 mA

20 jLtA/-0.6 mA

20 jLtA/-0.6 mA

-3mA/24mA(20mA)
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Functional Description
The 'F258A is a quad 2-input multiplexer with TRI-STATE

outputs. It selects four bits of data from two sources under

control of a common Select input (S). When the Select input

is LOW, the lOx inputs are selected and when Select is

HIGH, the l1x inputs are selected. The data on the selected

inputs appears at the outputs in inverted form. The 'F258A

is the logic implementation of a 4-pole, 2-position switch

where the position of the switch is determined by the logic

levels supplied to the Select input. The logic equation for

the outputs is shown below:

When the Output Enable input (OE) is HIGH, the outputs are

forced to a high impedance OFF state. If the outputs of the

TRI-STATE devices are tied together, all but one device

must be in the high impedance state to avoid high currents

that would exceed the maximum ratings. Designers should

ensure that Output Enable signals to TRI-STATE devices

whose outputs are tied together are designed so there is no

overlap.

Truth Table

Output

Enable

OE

H

L

L

L

L

Select

Input

S

X

H

H

L

L

Data

Inputs

lo h

X X

X L

X H

L X

H X

Output

z

z

H

L

H

L

Logic Diagram

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

TL/F/9508-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ -M A. A>wW^# T«.««™* ~*
D.8frIbu.or,forava..abmwaWl»pecl«ca.lon8. Free^Amb.ent Temperature _^^

Storage Temperature -65°Cto+150°C Commercial 0°Cto+70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCC Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with Vqc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated Iol (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

•bvi

IlL

'OZH

•OZL

los

ICEX

izz

•CCH

ICCL

iccz

Parameter

Input HIGH Voltage

Input LOWVoltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F5%VCc

74F5%Vcc

Output LOW 54F10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

6.2 9.5

15.1 23

11.3 17

Units

V

V

V

V

V

HA

pA

mA

jtA

HA

mA

,iA

,iA

mA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = —18 mA

oooooo

IIIIIIIIIIII IIIIII 03_lCO_lCO-i- mill
Iql = 20 mA

Iol = 24 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V

VouT = 2.7V

V0UT = 0.5V

V0UT = 0V

VOUT = VCC

VouT = VCC

V0 = HIGH

Vo = LOW

Vo = HIGH Z

s
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA = +25°C

VCc= + 5.0V

CL = 50 pF

Min Typ Max

54F

CL = 50 pF

Min Max

74F

a, Vqc = Com

CL = 50 pF
Units

Fig

No

Min Max

tpHL

Propagation Delay

lntoZn

2.5

1.0

5.3

4.0

2.0

1.0

7.5

6.0

2.0

1.0

6.0

5.0
2-3

Propagation Delay

StoZn

3.0

2.5

7.5

7.0

3.0

2.5

9.5

9.0

3.0

2.5

8.5

8.0
ns 2-3

*PZH

tpZL

Output Enable Time 2.0

2.5

tpHZ

tpLZ

Output Disable Time 2.0

2.0

6.0

7.0

2.0

2.5

8.0

9.0

6.0

6.0

1.5

2.0
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7.0

8.5

2.0

2.5

2.0

2.0

7.0

8.0

7.0

7.0

ns 2-5



National
Semiconductor

ADVANCED INFORMATION
3

54F/74F259

8-Bit Addressable Latch

General Description
The 'F259 is a high-speed 8-bit addressable latch designed

for general purpose storage applications in digital systems.

It is a multifunctional device capable of storing single line

data in eight addressable latches, and also a 1-of-8 decoder

and demultiplexer with active HIGH outputs. The device

also incorporates an active LOW Common Clear for reset

ting all latches, as well as an active LOW Enable. It is func

tionally identical to the 9334 and 93L34 8-bit addresssable

latch.

Features
■ Serial-to-serial conversion

■ Eight bits of storage with output of each bit available

■ Random (addressable) data entry

■ Active high demultiplexing or decoding capability

■ Common clear

Logic Symbols Connection Diagrams

-CMR

Pin Assignment for

DIP.SOICandFlatpak

I I I I I I I I

TL/F/0509-1

IEEE/IEC

A,—

A2

E

D

MR Z10

a

9,00

10, OR

9, ID

10,1R

9,20

10.2R

9,3D

10.3R

9,40

10,4R

9.50

10,5R

- -10.6R

- -9,70

- -10.7R

Ao-
A,-

A2-

Qo"

Qi-

o2-

03-
6ND-

V.

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

— 0,

— Q2

— Qs

— Q4

— Q3

— 06

Pin Assignment

forLCCandPCC

©2 Q, NC do Aj

EH3EIII10

-MR

-E

-D

-Q7

-04
Q6 Q7 NC D E
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Logic Diagram

TL/F/9509-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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54F/74F269

8-Bit Bidirectional Binary Counter

General Description
The 'F269 is a fully synchronous 8-stage up/down counter

featuring a preset capability for programmable operation,

carry lookahead for easy cascading and a U/D input to con

trol the direction of counting. All state changes, whether in

counting or parallel loading, are initiated by the rising edge

of the clock.

Features
■ Synchronous counting and loading

■ Built-in lookahead carry capability

■ Count frequency 100 MHz

■ Supply current 113 mA typ

■ 300 mil slimline package

Ordering Code: see section 5

Logic Symbols

I I I I I I I I
-0 PE P0 P1 P2 P3 P4 P5 P6 P?

u/6

-O|CEP

Qo Qt Q2 Q3 Q4 Q5 Q6 Q7

I I I I I I I I

IEEE/IEC

U/D-

P2-

P3-

P4-

P5-

P6-

P7-

CTR DiV 256

Ml(LOAD)

M2 (COUNT)

M3(UP)

M4(D0WN)

G6

2,3,4.*/C7

2,4,5,-

1.7D (1)

(2)

(4)

(8)

(16)

(32)

(64)

(128)

3,5,6,CT = 25
4,5,6,CT

—Q2

Q3

—Q4

—Q5

—Q6

Q7

TC■8&-

Connection Diagrams

Pin Assignment for

DIP, SOIC and Flatpak

U/D-

Q0"

Q,-

Q2-

03-

Q4-

GND-

Q5-

Qe"

Q7-

CP-

CEP-

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

Pin Assignment

for LCC and PCC

Q2QtQ0NCU/6PEP0

113 Eo) m m lu m m

-p5

-p6

-p7
-TC

-CET

Q3 m

GNDUD

NCHH

CPC£PCETNCTCP7 P6

Function Table

PE

L

H

H

H

H

CEP

X

H

X

L

L

CET

X

X

H

L

L

U/D

X

X

X

H

L

CP

_^

_y

_/-

Function

Parallel Load All

Flip-Flops

Hold

Hold (TC Held HIGH)

Count Up

Count Down

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

-/~ = Transition LOW-to-HIGH
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

P0-P7
?E

U/D

5EP

err

CP

T5

Q0-Q7

Description

Parallel Data Inputs

Parallel Enable Input (Active LOW)

Up-Down Count Control Input

Count Enable Parallel Input (Active LOW)

Count Enable Trickle Input (Active LOW)

Clock Input

Terminal Count Output (Active LOW)

Flip-Flop Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

Input Iih/Iil

Output Iqh/Iol

20 julA/-0.6 mA

20/xA/-0.6 mA

20 juA/ -0.6 mA

20 jutA/-0.6 mA

20 fiA/-0.6 mA

20 /xA/ -0.6 mA

20 ftA/-0.6 mA

-1mA/20mA

Logic Diagram

CET CEP PE
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Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature -65°C to +150°C

Ambient Temperature under Bias - 55°C to +125°C

Junction Temperature under Bias -55°C to +175°C

Vcc Pin Potential to

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

Symbol

V|H

V|L

VCD

V0H

VOL

I|H

'bvi

IlL

los

ICEX

'CCH

•CCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 74F10%VCc

74F5%VCc

Output LOW 54F10% Vcc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

Min

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-150

250

104 125

113 135

Units

V

V

V

V

V

/tA

pA

mA

mA

,iA

mA

mA

vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N =

«OH =

•OH =

•oh -

IOL =

IOL =

V|N =

V|N =

V|N =

VOUT

VOUT

vo-

vo =

-18 mA

-1mA

-1mA

-1 mA

20 mA

20 mA

2.7V

7.0V

0.5V

= 0V

= vcc

HIGH

LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpi_H

tpHL

tpLH

tpHL

tpi_H

tpHL

tpLH

tPHL

tPLH

tpHL

tpLH

tpHL

Parameter

Maximum Clock Frequency

Propagation Delay

CP to Qn (Count-Up)

Propagation Delay

U/DtoTC

Propagation Delay

CETtoTC

Propagation Delay

CPtoTC

Propagation Delay

CP to Qn (Count-Down)

Propagation Delay

CP to Qn (Load)

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

Mln Typ Max

100

3.5 8.0

4.5 10.5

3.5 9.5

4.5 9.5

3.5 9.0

3.0 10.5

4.5 10.0

5.0 10.0

3.5 10.5

4.5 10.5

3.5 9.0

4.0 9.0

54F

TA,Vcc = MII

CL = 50pF

Mln Max

74F

TA.VCc = Com

CL = 50 pF

Mln Max

85

3.5 9.0

4.5 11.0

3.5 10.0

4.5 11.0

3.5 10.5

3.0 11.5

4.5 10.5

4.5 10.5

3.5 11.0

4.5 11.0

3.5 10.0

4.0 9.0

Units

MHz

ns

ns

ns

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-3

2-3

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(U

th(H)

th(L)

ts(H)

ts(L)

th(H)

th(U

ts(H)

ts(L)

th(H)

th(U

tw(H)

tw(L)

ts(H)

ts(U

th(H)

th(D

Parameter

Setup Time, HIGH or LOW

Data to CP

Hold Time, HIGH or LOW

Data to CP

Setup Time, HIGH or LOW

PEtoCP

Hold Time, HIGH or LOW

PEtoCP

Setup Time, HIGH or LOW

CETorCEPtoCP

Hold Time, HIGH or LOW

CETorCEPtoCP

Clock Pulse Width, HIGH or LOW

Setup Time, HIGH or LOW

U/DtoCP

Hold Time, HIGH or LOW

U/DtoCP

74F

TA= +25X

VCc= +5.0V

Mln Max

1.0

1.0

5.5

5.5

0

0

6.0

8.0

0

0

3.5

3.5

8.0

6.0

0.0

0.0

54F

TA,Vcc = MII

Mln Max

74F

TA.Vcc = Com

Mln Max

4.0

3.0

2.0

1.0

6.5

6.5

0

0

6.5

9.0

0

0

3.5

4.0

9.5

7.0

0.0

0.0

Units

ns

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-6

2-4

2-6

2-6
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ADVANCED INFORMATION

54F/74F273

Octal D Flip-Flop

General Description

The 'F273 has eight edge-triggered D-type flip-flops with in

dividual D inputs and Q outputs^The common buffered

Clock (CP) and Master Reset (MR) inputs load and reset

(clear) all flip-flops simultaneously.

The register is fully edge-triggered. The state of each D in

put, one setup time before the LOW-to-HIGH clock tran

sition, is transferred to the corresponding flip-flop's Q out

put.

All outputs will be forced LOW independently^ Clock or

Data inputs by a LOW voltage level on the MR input. The

device is useful for applications where the true output only is

required and the Clock and Master Reset are common to all

storage elements.

Features
■ Ideal buffer for MOS microprocessor or memory

■ Eight edge-triggered D flip-flops

■ Buffered common clock

■ Buffered, asynchronous Master Reset

■ See T377 for clock enable version

■ See 'F377 for transparent latch version

■ See 'F374 for TRI-STATE® version

Logic Symbols Connection Diagrams

-0

|
D0

CP

MR

Qo

1

MR-*

CP

00

D1—
D2—

D3
D4—

D5—

Dy—

1 1 1 1 1
Dj D2 D3 D4 D5 Dg D7

Q1 Q2 Q3 Q4 Q5 Q6 Q7

1 1 1 1 1 1 1
TL/F/9511-3

IEEE/IEC

R

n r

ID — Qo

— Qt

— 02

—Q3

—Q4

— Q5

©6

—Q7

TL/F/9511-5

Pin Assignment for

DIP,SOICandFlatpak

MR-

Qo"

D0"
D,-

Q1"

Q2-

D2-

D3™
Q3-

GND-

V.

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

-Q7

-D4

-Q4

-CP

Pin Assignment

for LCC and PCC

D3 Djj Q2 Q1 D,

GO 0IU [H13

D4QH ;®q7

o mi in Qzi on

D5Q5Q6O6D7
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CM Mode Select-Function Table

Operating Mode

Reset (Clear)

LoadT

Load '0'

Inputs

MR

L

H

H

CP

X

_s-

X

h

1

Output

Qn

L

H

L

H = HIGH Voltage Level steady state

h = HIGH Voltage Level one setup time prior to the LOW-to-HIGH clock

transition

L = LOW Voltage Level steady state

I = LOW Voltage Level one setup time prior to the LOW-to-HIGH clock

transition

X = Immaterial

./- = LOW-to-HIGH clock transition

Logic Diagram

07

TL/F/9511-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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54F/74F280

9-Bit Parity Generator/Checker

General Description

The 'F280 is a high-speed parity generator/checker that ac

cepts nine bits of input data and detects whether an even or

an odd number of these inputs is HIGH, if an even number

of inputs is HIGH, the Sum Even output is HIGH. If an odd

number is HIGH, the Sum Even output is LOW. The Sum

Odd output is the complement of the Sum Even output.

Ordering Code: see section 5

Logic Symbols

I I I I I I I I I

Connection Diagrams

'2 '3 U '5 '6 "7 '8

Pin Assignment for

DIP,SOICandFlatpak

I I

IEEE/IEC

'0—

'1—"

'2—

«3—

u—

is

le—

•7—

2k

'6-
l7-

NC-

"8"

20-

GND-

2

3

4

5

6

7

14

13

12

11

10

9

8

Pin Assignment

forLCCandPCC

NCNC

Ycc

-'0

NC l3 NC l4

TL/F/9512-5

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

lo-le

2E

Description

Data Inputs

Odd Parity Output

Even Parity Output

54F/74F

U.L.

HIGH/LOW

1.0/1.0

50/33.3

50/33.3

Input I|H/Iil

Output Ioh/Iol

20 fxA/-0.6 mA

-1 mA/20mA

-1 mA/20mA
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Truth Table

Logic Diagram

k b

Number of

HIGH Inputs

0, 2,4,6, 8

1,3,5,7,9

Outputs

2 Even

H

L

2 Odd

L

H

H = HIGH Voltage Level

L = LOW Voltage Level

TL/F/9512-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Notei) Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c^AhAmw-niT^n^fc^
Distributors for availability and specifications. Military Temperature _^^ +^

Storage Temperature -65°C to +150'C Commercial 0«C to + 70°C

Ambient Temperature under Bias -55°Cto+125°C Supply Voltage

Junction Temperature under Bias -55°Cto+175?C Military +4.5Vto+5.5V

Vcc Pin Potential to Commercial +4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

•bvi

los

•CEX

'CCH

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

25 38

Units

V

V

V

V

V

pA

pA

mA

mA

pA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

llN = -18 mA

Ioh - -1 ™A

•oh = -"• mA

•oh = ~1 ™A

Iol = 20 mA

Iol = 20 mA

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V

VouT = 0V

VOUT = Vcc

Vo = HIGH
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

Mln Typ Max

54F

50pF

Mln Max

74F

TA,VCc

CL = 50 pF
Units

Fig

No

Min Max

tpLH Propagation Delay

lnto2E

6.5

6.5

10.0

11.0

15.0

16.0

6.5

6.5

20.0

21.0

6.5

6.5

16.0

17.0
ns 2-3

tpi_H

tpHL

Propagation Delay

In to So

6.0

6.5

10.0

11.0

15.0

16.0

6.0

6.5

20.0

21.0

6.0

6.5

16.0

17.0
2-3
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54F/74F283

4-Bit Binary Full Adder with Fast Carry

General Description
The 'F283 high-speed 4-bit binary full adder with internal

carry lookahead accepts two 4-bit binary words (A0-A3,

B0-B3) and a Carry input (Co). It generates the binary Sum

outputs (S0-S3) and the Carry output (C4) from the most

significant bit. The 'F283 will operate with either active

HIGH or active LOW operands (positive or negative logic).

Ordering Code: see section 5

Logic Symbols Connection Diagrams

1
Afl

Co

| |
Bo A|

>o s

1
B, A

1

2 B2

| |

A3 B3

S3

C4

1 1 I r

IEEE/IEC

Pin Assignment

forDIP,SOICandFlatpak

A2—

n

0'

3.

o"

3.

a

2

p

2 •

Q

'0

.3

CO

GND-

1

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

Pin Assignment

forLCCandPCC

Bo Aq NC Sq A,

[II13 [I] [11E

-A3

-S3

Bj A3 KC Sj Aj

— s2

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

A0-A3

B0-B3

Co

S0-S3

c4

Description

A Operand Inputs

B Operand Inputs

Carry Input

Sum Outputs

Carry Output

54F/74F

U.L.

HIGH/LOW

1.0/2.0

1.0/2.0

1.0/1.0

50/33.3

50/33.3

Input l|H/"iL

Output Ioh/Iol

20 jitA/- 1.2 mA

20 jliA/-1.2 mA

20 fjtA/ -0.6 mA

-1 mA/20mA

-1 mA/20mA
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Functional Description
The 'F283 adds two 4-bit binary words (A plus B) plus the

incoming Carry (Co). The binary sum appears on the Sum

(S0-S3) and outgoing carry (C4) outputs. The binary weight

of the various inputs and outputs is indicated by the sub

script numbers, representing powers of two.

o ! ,

B2) + 23(A3 + B3)

= So + 2Si 4- 4S2 + 8S3 + I6C4

Where (+) = plus

Interchanging inputs of equal weight does not affect the op

eration. Thus Co, Ao, Bo can be arbitrarily assigned to pins

5,6 and 7 for DIPS, and 7,8 and 9 for chip carrier packages.

Due to the symmetry of the binary add function, the T283

can be used either with all inputs and outputs active HIGH

(positive logic) or with all inputs and outputs active LOW

(negative logic). See Figure 1. Note that if Co is not used it

must be tied LOW for active HIGH logic or tied HIGH for

active LOW logic.

Due to pin limitations, the intermediate carries of the 'F283

are not brought out for use as inputs or outputs. However,

other means can be used to effectively insert a carry into, or

bring a carry out from, an intermediate stage. Figure 2

shows how to make a 3-bit adder. Tying the operand inputs

of the fourth adder (A3, B3) LOW makes S3 dependent only

on, and equal to, the carry from the third adder. Using some

what the same principle, Figure 3 shows a way of dividing

the 'F283 into a 2-bit and a 1-bit adder. The third stage

adder (A2, B2, S2) is used merely as a means of getting a

carry (C10) signal into the fourth stage (via A2 and B2) and

bringing out the carry from the second stage on S2. Note

that as long as A2 and B2 are the same, whether HIGH or

LOW, they do not influence S2. Similarly, when A2 and B2

are the same the carry into the third stage does not influ

ence the carry out of the third stage. Figure 4 shows a meth

od of implementing a 5-input encoder, where the inputs are

equally weighted. The outputs So, Si and S2 present a bina

ry number equal to the number of inputs I-1-I5 that are true.

Figure 5 shows one method of implementing a 5-input ma

jority gate. When three or more of the inputs I1-I5 are true,

the output M5 is true.

Logic Levels

Active HIGH

Active LOW

Co

L

0

1

Ao

L

0

1

A1

H

1

0

A2

L

0

1

A3

H

1

0

Bo

H

1

0

B1

L

0

1

B2

L

0

1

B3

H

1

0

So

H

1

0

Si

H

1

0

S2

L

0

1

S3

L

0

1

c4

H

1

0

Active HIGH: 0 + 10+ 9 = 3+ 16 Active LOW: 1+5 + 6=12 + 0

FIGURE 1. Active HIGH versus Active LOW Interpretation

1
Ao

Co

1 1 1
Bo A, B,

) S,

|
*2

S

|
"2

2

n
A, B,i

c4

i I r

FIGURE 2.3-Bit Adder

c0

Ao Bo

| |
*O Bo

So

|'
At

Bi

|
Bi

X1

• A2 B2
\

\

\

\

s2"

A1O Bio

1 1
A3 Bj

C4

5 Sj

\ TTT
So S1 C2 S10

FIGURE 3.2-Bit and 1-Bit Adders

I, l2

Ao B0

c0

s0

I
2°

L

Ai B
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Logic Diagram

;s^

—o-

■fc—I

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating

\1 Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ craaA!rAmhian«Tamnara«,,ra

Distributors for availability and specifications. Military ^^^ -550c to + 126-C
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc P«n Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOL (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2r. Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

'bvi

IlL

"OS

'CEX

ICCH

•CCL

Parameter

Input HIGH Voltage

Input LOWVoltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F10%VCc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-1.2

-60 -150

250

36 55

36 55

Units

V

V

V

V

V

^A

pA

mA

mA

pA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

•|N = —18 mA

IIIIII III IIIIol = 20 mA

Iol = 20 mA

V,N = 2.7V

V|N = 7.0V

V,N = 0.5V(Co)

V|N = 0.5V(An,Bn)

V0UT = 0V

V0UT = Vcc

V0 = HIGH

V0 = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25X

VCc= +5.0V

CL = 50 pF

Min Typ

54F

CL = 50 pF

Max

74F

Ta» VCc = Com

CL = 50pF
Units

Fig
No

Mln Max

Propagation Delay

C0toSn

3.5

3.0

7.0

7.0

9.5

9.5

3.5

3.0

14.0

14.0

3.5

3.0

11.0

11.0
2-3

tpLH

tpHL

Propagation Delay

AnorBntoSn

3.0

3.0

7.0

7.0

9.5

9.5

3.0

3.0

17.0

14.0

3.0

3.0

13.0

11.5
ns 2-3

tpLH

tPHL

Propagation Delay

Cq to C4

3.0

3.0

5.7

5.4

7.5

7.0

3.0

2.5

10.5

10.0

3.0

3.0

8.5

8.0
ns 2-3

tpLH

tpHL

Propagation Delay

AnorBntoC4

3.0

2.5

5.7

5.3

7.5

7.0

3.0

2.5

10.5

10.0

3.0

2.5

8.5

8.0
2-3
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ADVANCED INFORMATION

54F/74F298

Quad 2-lnput Multiplexer with Storage

General Description
This device is a high-speed multiplexer with storage. It se

lects four bits of data from two sources (Ports) under the

control of a common Select input (S). The selected data is

transferred to the 4-bit output register synchronous with the

HIGH-to-LOW transition of the Clock input (SP). The

4-bit register is fully edge triggered. The Data inputs (lo and

l-i) and Select input (S) must be stable only one setup time

prior to the HIGH-to-LOW transition of the clock for predict

able operation.

Logic Symbols Connection Diagrams

IEEE/IEC

'Oa—

'la—

hb—

G1

C2

1.2D

Pin Assignment

forDIP,SOICandFlatpak

Pin Assignment

for LCC and PCC

hb-
i1a—

lCb-

•ic"

'id~

•od-
GND-

V.

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-CP

S

CP

| |
>0a>1a

Qa

MM
>0b >1b >0o he

Qb Qc

I I
'Od'id

Qd

i i r

Logic Diagram

'ib 'Ob he >0e 'id >0d

CP—O-

Qtt

R

>CP

TL/F/9514-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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54F/74F299 Octal Universal Shift/Storage Register

with Common Parallel I/O Pins

General Description
The 'F299 is an 8-bit universal shift/storage register with

TRI-STATE® outputs. Four modes of operation are possi

ble: hold (store), shift left, shift right and load data. The par

allel load inputs and flip-flop outputs are multiplexed to re

duce the total number of package pins. Additional outputs,

Q0-Q7, are provided to allow easy serial cascading. A sep

arate active LOW Master Reset is used to reset the register.

Features
■ Common parallel I/O for reduced pin count

■ Additional serial inputs and outputs for expansion

■ Four operating modes: shift left, shift right, load and

store

■ TRI-STATE outputs for bus-oriented applications

Ordering Code: see section 5

Logic Symbols Connection Diagrams

Pin Assignment

forDIP,SOICandFlatpak

Qq i/Op i/Qi 1/O21/O3 '/04 '/<>5 '/<>6 '/o?

I I I I I I I I I

TL/F/9515-1

IEEE/IEC

MR-

ov

St-
CP-

DS0-

1/00X
i/o1 1

I/Oy

X
DS7 •

SRG8

3EN13

:b

1.4D

3.4D

V5.13

3.4D

V6.13

3.4D

V12.13

2.4D

Z5- -

Z6- -

Z12

So-
0Et-

0E2-

i/o6-

I/O4-

l/02-

i/oo-

Qo"
MR-

GND-

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

Qo

"Si

-DS7

-07

-1/07

-I/O5

-I/O3

-1/0,

-CP

-DS0

Pin Assignment

forLCCandPCC

0ol/00l/02l/04l/06
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Unit Loading/Fail Out: See Section 2 for U.L definitions

Pin Names

CP

DS0

DS7

So, Si

MR

l/O0-l/O7

Q0.Q7

Description

Clock Pulse Input (Active Rising Edge)

Serial Data Input for Right Shift

Serial Data Input for Left Shift

Mode Select Inputs

Asynchronous Master Reset Input (Active LOW)

TRI-STATE Output Enable Inputs (Active LOW)

Parallel Data Inputs or

TRI-STATE Parallel Outputs

Serial Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/2.0

1.0/1.0

1.0/1.0

3.5/1.083

150/40(33.3)

50/33.3

Input I|H/Iil

Output Ioh/Iol

20 jxA/- 0.6 mA

20 jxA/—0.6 mA

20 jxA/—0.6 mA

20 fiA/- 1.2 mA

20/utA/—0.6 mA

20 juiA/-0.6 mA

70 fiA/-0.65 mA

-3mA/24mA(20mA)

-1mA/20mA

Functional Description
The 'F299 contains eight edge-triggered D-type flip-flops

and the interstage logic necessary to perform synchronous

shift left, shift right, parallel load and hold operations. The

type of operation is determined by So and S1( as shown in

the Mode Select Table. All flip-flop outputs are brought out

through TRI-STATE buffers to separate I/O pins that also

serve as data inputs in the parallel load mode. Qo and Q7

are also brought out on other pins for expansion in serial

shifting of longer words.

A LOW signal on MR overrides the Select and CP inputs

and resets the flip-flops. All other state changes are initiated

by the rising edge of the clock. Inputs can change when the

clock is in either state provided only that the recommended

setup and hold times, relative to the rising edge of CP, are

observed.

A HIGH signal on either O^ or OE2 disables the TRI-

STATE buffers and puts the I/O pins in the high impedance

state. In this condition the shift, hold, load and reset opera

tions can still occur. The TRI-STATE outputs are also dis

abled by HIGH signals on both So and S-| in preparation for

a parallel load operation.

Mode Select Table

Inputs

MR Si So CP

L X X X

H H H ^~

H L H ^/"

H H L ^~

H L L X

Response

Asynchronous Reset; Q0-Q7 = LOW

Parallel Load; I/On -* Qn

Shift Right; DSo —► Qo, Qo —* Q1. ©to.

Shift Left; DS7 -► Q7, Q7 —► Q6, etc.

Hold

H = HIGH Voltage Level

L = LOW Voltage Level

X - Immaterial

_/" = LOW-to-HIGH Clock Transition
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Logic Diagram

.-r-Oo-C^:

L

-i/oo

CP Q0 MR OE, 0E2

TL/F/9515-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (NoteD
If Military/Aerospace specified devices are required, Voltage Applied to Output

contact the National Semiconductor Sales Office/ in HIGH State (with VCc = OV)

Distributors for availability and specifications. Standard Output - 0.5V to Vcc

Storage Temperature -65°C to +150°C TRI-STATE Output -0.5V to + 5.5V

Ambient Temperature under Bias - 55°C to +125°C Current Applied to Output

Junction Temperature under Bias - 55°C to +175'C jn L0W State <Max> **»the rated 'ol <mA>

"<£££"* -o.5vto+7.ov Recommended Operating
Input Voltage (Note 2) -0.5V to + 7.0V Conditions
Input Current (Note 2) -30 mA to + 5.0 mA Free Air Ambient Temperature

Note 1: Absolute maximum ratings are values beyond which the device may Military 55°C to +125°C
be damaged or have its useful life impaired. Functional operation under Commercial 0°CtO + 70°C
these conditions is not implied. SUDDlv VoltSQ6

Note 2: Either voltage limit or current limit is sufficient to protect inputs. Military + 4.5V to + 5.5V

Commercial + 4.5V to + 5.5V

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

llH

'bvi

Ibvit

IlL

I|H +

•OZH

«IL+
'OZL

los

ICEX

Izz

«CCH

«CCL

iccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%Vcc

74F10%Vcc

74F10%Vcc

74F 5% VCc

74F 5% VCc

Output LOW 54 10% Vcc

Voltage 7410%VCc

7410% Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

0.5

20

100

1.0

-0.6

-1.2

70

-650

-60 -150

250

500

68 95

68 95

68 95

Units

V

V

V

V

V

JtA

mA

mA

pA

pA

mA

/iA

/iA

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

IOh= -1mA(Qo,Q7,l/On)

IOH= -3 mA (I/Op)

IOH= -1mA(Qo,Q7,l/On)

IOH= -3 mA (I/On)

IOH= -1mA(Qo,Q7,l/On)

IOH= -3 mA (I/On)

Iol = 20 mA

Iol = 20 mA (Qo, Q7)

lOL = 24mA(l/On)

V,N = 2.7V (CP, DS0, DS7f So, S1f

MR,5E1fOE2)

Vin = 7.0V (CP, DS0, DS7, So, S1f

MR,OE1fOE2)

V,N = 5.5V(I/On)

V|N = 0.5V (CP, DS0, DS7, MR, OE1t OE2)

V,N = 0.5V (So. Si)

V|/0 = 2.7V (I/On)

V|/O = 0.5V(l/On)

VouT = 0V

VOUT = Vcc

VOUT = Vcc

V0 = HIGH

V0 = LOW

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpi_H

*PHL

tpLH

tpHL

tpHL

tpHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Maximum Input Frequency

Propagation Delay

CP to Qo or Q7

Propagation Delay

CPtol/On

Propagation Delay

MRtoQoorQ7

Propagation Delay

MR to I/On

Output Enable Time

OEtol/On

Output Disable Time

OEtol/On

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

70 100

4.0 7.0 9.0

3.5 6.5 8.5

4.0 7.0 9.0

5.0 8.5 11.0

4.5 7.5 9.5

6.5 11.0 14.0

3.5 6.0 8.0

4.0 7.0 10.0

2.5 4.5 6.0

2.0 4.0 5.5

54F

TA,Vcc = MII

CL = 50 pF

Min Max

74F

TA,VCC = Com

CL=50pF

Min Max

70

4.0 10.0

3.5 9.5

4.0 10.0

5.0 12.0

4.5 10.5

6.5 15.0

3.5 9.0

4.0 11.0

2.5 7.0

2.0 6.5

Units

MHz

ns

ns

ns

No

2-1

2-3

2-3

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(D

th(H)

th(L)

ts(H)

ts(U

th(H)

th(U

tw(H)

tw(L)

tw(U

tree

Parameter

Setup Time, HIGH or LOW

So or Si to CP

Hold Time, HIGH or LOW

So or Si to CP

Setup Time, HIGH or LOW

l/On,DS0orDS7toCP

Hold Time, HIGH or LOW

I/On, DS0orDS7toCP

CP Pulse Width

HIGH or LOW

MR Pulse Width, LOW

Recovery Time, MR to CP

74F

TA= +25X

VCc= +5.0V

Min Max

8.5

8.5

0

0

5.0

5.0

2.0

2.0

7.0

7.0

7.0

7.0

54F

Ta,VCC = MII

Min Max

74F

Ta. VCc = Com

Min Max

8.5

8.5

0

0

5.0

5.0

2.0

2.0

7.0

7.0

7.0

7.0

Units

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-4

2-4

2-6
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54F/74F322

Octal Serial/Parallel Register with Sign Extend

General Description
The 'F322 is an 8-bit shift register with provision for either

serial or parallel loading and with TRI-STATE® parallel out

puts plus a bi-state serial output. Parallel data inputs and

parallel outputs are multiplexed to minimize pin count. State

changes are initiated by the rising edge of the clock. Four

synchronous modes of operation are possible: hold (store),

shift right with serial entry, shift right with sign extend and

parallel load. An asynchronous Master Reset (MR) input

overrides clocked operation and clears the register.

Features
■ Multiplexed parallel I/O ports

■ Separate serial input and output

■ Sign extend function

■ TRI-STATE outputs for bus applications

Ordering Code: see section 5

Logic Symbols Connection Diagrams

-0

—

—

-0

s

RE

S/P

SE

CP

OE

MR

1 1

D0°1

I/O, I/O* I/O, I/O! I/O, I/O, I/O, (/On On

Pin Assignment

forDIP,SOICandFlatpak

Pin Assignment

for LCC and PCC

Y I I I I I I I I
TL/F/8516-3

IEEE/IEC

RE-

s/p-

CP-

SE-

S-

1/07

I/O5-

I/O4-

l/02-

1/0,-

i/oo

SR6B

R

2EN15

63

3M1(SHIFT)

3M2(PAR LOAD)

64

8,4,1,6D

4,5,1.60

4.5.1.6D

2.6D

V7.5

2.6D

V8.15

2.6D

V 14,15

27

>

Z14

RE-

S/P-

D0"

I/C7-

I/O5-

I/O3-

I/O,-

OE-

MR-

GND-

1

2

3

9

10

20

19

18

17

16

15

14

13

12

11

-i/o6
-I/O4

-i/o2
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

RE

S/P

§E

S

D0.D1

CP

MR

Qo
1/O0-1/O7

Description

Register Enable Input (Active LOW)

Serial (HIGH) or Parallel (LOW) Mode Control Input

Sign Extend Input (Active LOW)

Serial Data Select Input

Serial Data Inputs

Clock Pulse Input (Active Rising Edge)

Asynchronous Master Reset Input (Active LOW)

TRI-STATE Output Enable Input (Active LOW)

Bi-State Serial Output

Multiplexed Parallel Data Inputs or

TRI-STATE Parallel Data Outputs

54F/74F

U.L

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/3.0

1.0/2.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

3.5/1.083

150/40(33.3)

Input l|H/liL

Output Ioh/'ol

20 fiA/ -0.6 mA

20 fiA/- 0.6 mA

20/xA/-1.8mA

20 jmA/-1.2 mA

20 iiA/ -0.6 mA

20 jiiA/-0.6 mA

20jLtA/-0.6mA

20 jiA/ -0.6 mA

-1 mA/-20mA

70 /aA/ -0.65 mA

-3mA/24mA(20mA)

Functional Description
The 'F322 contains eight D-type edge triggered flip-flops

and the interstage gating required to perform right shift and

the intrastage gating necessary for hold and synchronous

parallel load operations. A LOW signal on RE enables shift

ing or parallel loading, while ajHIGH signal enables the hold

mode. A HIGH signal on S/P enables shift right, while a

LOW signal disables the TRI-STATE output buffers and en

ables parallel loading. In the shift right mode a HIGH signal

on SE enables serial entry from eitherJDo or D1( as deter

mined by the S input. A LOW signal on SE enables shift right

but Q7 reloads its contents, thus performing the sign extend

function required for the 'F384 Twos Complement Multiplier.

A HIGH signal on UE disables the TRI-STATE output buff

ers, regardless of the other control inputs. In this condition

the shifting and loading operations can still be performed.

Mode Select Table

Mnrta

Clear

Parallel

Load

Shift

Right

Sign

Extend

Hold

MR

L

L

H

H

H

H

H

RE

X

X

L

L

L

L

H

S/P

X

X

L

H

H

H

X

Inputs

SE

X

X

X

H

H

L

X

s

X

X

X

L

H

X

X

Of*

L

H

X

L

L

L

L

CP

X

X

I/O7

z

I7

Do

D1

O7

NC

I/O6

z

O7

O7

O7

NC

I/O5

Z

>5

o6

o6

o6

NC

Outputs

I/O4

z

I4

05

O5

O5

NC

I/O3

z

"3

04

o4

O4

NC

I/O2

Z

l2

03

03

03

NC

I/Oi

z

11

02

02

02

NC

I/Oo

z

>0

Oi

Oi

Oi

NC

Qn

L

>0

Oi

Oi

Oi

NC

•When the OE input is HIGH all I/On terminals are at the high impedance state; sequential operation or clearing of the register is not affected.

Note 1:17-I0 = The level of the steady-state input at the respective I/O terminal is loaded into the flip-flop while the flip-flop outputs (except Qo) are isolated from

the I/O terminal.

Note 2: Do. Di = The level of the steady-state inputs to the serial multiplexer input

Note 3:07-O0 = The level of the respective Qn flip-flop prior to the last Clock LOW-to-HIGH transition.

H = HIGH Voltage Level

L = LOW Voltage Level

Z = High Impedance Output State

_/- = LOW-to-HIGH Transition

NC = No Change
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SI
CO Logic Diagram

RE S/P SE Dj S CP MR OE
TL/F/9516-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ c A- * K. * T« nAra«, rn

Distr.bu.or, for avaHabUKy and spec.«cat.ons. «-£*■*■* T"np"tl1" -55.C to + larc
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias — 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

'bvi

Ibvit

IlL

I|H +

'OZH

•lL +

'OZL

los

ICEX

Izz

ice

Parameter

Input HIGH Voltage

Input LOWVoltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F 5% VCc

74F5%VCC

Output LOW 54F 10% VCc

Voltage 74F10%VCc

74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage

Current

Bus Drainage Test

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

0.5

20

100

1.0

-0.6

-1.2

-1.8

70

-650

-60 -150

250

500

60 90

Units

V

V

V

V

V

jtA

^A

mA

,iA

,iA

mA

f*A

,xA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

•|N = —18 mA

IOH= -1mA(Q0,l/On)

IOH= -3 mA (I/On)

IOH= -1mA(Q0,l/On)

IOH= -3mA(l/0n)

IOH= -1mA(Q0,l/On)

IOH= -3 mA (I/On)

Iol = 20 mA (Qo, I/On)

Iol = 20 mA (Qo)

Iol = 24 mA (I/On)

V,N = 2.7V

V|N = 7.0V (Non-I/O Inputs)

V|N = 5.5V(I/On)

V|N = 0.5V (RE, S/P, Dn, CP, MR, OE)

V,N=0.5V(S)

V|N=0.5V(SE)

V|/O = 2.7V(l/On)

V,/o = 0.5V (I/On)

V0UT = 0V

VoUT = Vcc

VoUT = Vcc
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpLH

tpHL

tpHL

tpHL

tpZH

tpZL

tpHZ

tpLZ

tpZH

tpZL

tPHZ

tpLZ

Parameter

Maximum Clock Frequency

Propagation Delay

CPtol/On

Propagation Delay

CPtoQo

Propagation Delay

MR to I/On

Propagation Delay

MRtoQo

Output Enable Time

OE to I/On

Output Disable Time

OEtol/On

Output Enable Time

S/Ptol/On

Output Disable Time

S/Ptol/On

74F

TA= + 25°C

VCc = +5.0V

CL = 50pF

Min Typ Max

70 90

3.5 7.0 7.5

5.0 8.5 11.0

3.5 7.0 9.0

3.5 7.0 8.0

6.0 10.0 13.0

5.5 7.5 12.0

3.0 6.5 9.0

4.0 8.5 11.0

2.0 4.5 6.0

2.0 5.0 7.0

4.5 8.0 10.5

5.5 10.0 14.0

5.0 9.0 11.5

6.0 12.0 15.5

54F

TA,VCC = Mil

CL = 50 pF

Min Max

50

3.5 9.5

3.5 10.0

3.5 11.0

3.5 10.0

6.0 15.0

5.5 14.0

3.0 12.5

4.0 14.5

2.0 8.0

2.0 10.0

4.5 13.5

5.5 17.0

5.0 16.5

6.0 19.5

74F

TA, VCc = Com

CL = 50pF

Min Max

70

3.5 8.5

5.0 12.0

3.5 10.0

3.5 9.0

6.0 14.0

5.5 13.0

3.0 10.0

4.0 12.0

2.0 7.0

2.0 8.0

4.5 11.5

5.5 15.0

5.0 12.5

6.0 16.5

Units

MHz

ns

ns

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-3

2-5

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(U

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(L)

th(H)

th(U

ts(H)

ts(L)

ts(H)

ts(U

th(H)

th(U

tw(H)

tw(L)

tw(L)

tree

Parameter

Setup Time, HIGH or LOW

REtoCP

Hold Time, HIGH or LOW

REtoCP

Setup Time, HIGH or LOW

Dn.D-iorl/OntoCP

Hold Time, HIGH or LOW

Do, D^ or I/On to CP

Setup Time, HIGH or LOW

SEtoCP

Hold Time, HIGH or LOW

SEtoCP

Setup Time, HIGH or LOW

S/PtoCP

Setup Time, HIGH or LOW

StoCP

Hold Time, HIGH or LOW

SorS/PtoCP

CP Pulse Width, HIGH or LOW

MR Pulse Width, LOW

Recovery Time

NiFttoCP

74F

TA=+25X

VCc= +5.0V

Min Max

6.0

14.0

0

0

6.5

6.5

2.0

2.0

7.0

2.5

2.0

0.0

11.0

13.5

6.5

9.0

0

0

7.0

5.5

8.0

54F

TA,VCC = Mil

Min Max

14.0

18.0

0

0

8.5

8.5

3.0

3.0

9.0

11.0

2.0

1.0

13.0

21.0

8.5

11.0

1.0

0

8.0

7.5

12.0

74F

TA, VCc = Com

Min Max

7.0

16.0

0

0

7.5

7.5

3.0

3.0

8.0

3.5

2.0

0.0

12.0

15.5

7.5

10.0

0

0

7.0

6.5

8.0

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-6

2-6

2-6

2-6

2-6

2-6

2-6

2-4

2-4

2-6

4-244



HH National

CO

Semiconductor

54F/74F323 Octal Universal Shift/Storage Register

with Synchronous Reset and Common I/O Pins

General Description
The 'F323 is an 8-bit universal shift/storage register with

TRI-STATE® outputs. Its function is similar to the 'F299 with

the exception of Synchronous Reset. Parallel load inputs

and flip-flop outputs are multiplexed to minimize pin count.

Separate serial inputs and outputs are provided for Qq and

Q7 to allow easy cascading. Four operation modes are pos

sible: hold (store), shift left, shift right and parallel load.

Features
■ Common parallel I/O for reduced pin count

■ Additional serial inputs and outputs for expansion

■ Four operating modes: shift left, shift right, load and

store

■ TRI-STATE outputs for bus-oriented applications

Ordering Code: see section 5

Logic Symbols

1 1

Connection Diagrams

I/Oo '/°i '/°i «/0j l/o4 «/°5 V°t I/Or

Pin Assignment

forDIP.SOICandFlatpak

Pfn Assignment

for LCC and PCC

1 1 1 1 1 1 1 1 1 I
TL/F/9517-1

IEEE/IEC

SR-*

SO—

s

CP

DS0-

l/02-

I/Oj-

I/O4-

DS7-

SRG8
4R

3EN13

> C4/1 -►/J
"1

1.4D

3,40

V5.13

3,40

V6.13

3,40

V 12.13

2,40

c

Z5- ■

Z6- •

Z12- -

s0-
0E,-

0E2-

i/o6-

/04-

»/o2-

l/00-

Qo~

SR-

GND-

V.

2

3

4

5

6

7

8

9

20

19

18

17

16

15

14

13

12

11

-Si
-DS7

-.Qy

H/O7

H/O5

H/O3

-I/O,

-CP

-DS0

0 ED 01E3 El
1/6, l/tij, I^Q, OS,

—Q7
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

CP

DS0

DS7

So, Si

§R

5Ei,OE2

I/O0-I/O7

Qo,Q?

Description

Clock Pulse Input (Active Rising Edge)

Serial Data Input for Right Shift

Serial Data Input for Left Shift

Mode Select Inputs

Synchronous Reset Input (Active LOW)

TRI-STATE Output Enable Inputs (Active LOW)

Multiplexed Parallel Data Inputs

TRI-STATE Parallel Data Outputs

Serial Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/2.0

1.0/1.0

1.0/1.0

3.5/1.083

150/40(33.3)

50/33.3

Input Iih/Iil

Output Ioh/Iol

20 jjiA/- 0.6 mA

20 jutA/-0.6 mA

20 jutA/-0.6 mA

20 fxA/- 1.2 mA

20 ju,A/-0.6 mA

20 fiA/-0.6 mA

70 julA/- 0.65 mA

-3mA/24mA(20mA)

-1mA/20mA

Functional Description
The 'F323 contains eight edge-triggered D-type flip-flops

and the interstage logic necessary to perform synchronous

reset, shift left, shift right, parallel load and hold operations.

The type of operation is determined by So and Si as shown

in the Mode Select Table. All flip-flop outputs are brought

out through TRI-STATE buffers to separate I/O pins that

also serve as data inputs in the parallel load mode. Qq and

Q7 are also brought out on other pins for expansion in serial

shifting of longer words.

A LOW signal on §R overrides the Select inputs and allows

the flip-flops to be reset by the next rising edge of CP. All

other state changes are also initiated by the LOW-to-HIGH

CP transition. Inputs can change when the clock is in either

state provided only that the recommended setup and hold

times, relative to the rising edge of CP, are observed.

A HIGH signal on either OEi or OE2 disables the TRI-

STATE buffers and puts the I/O pins in the high impedance

state. In this condition the shift, load, hold and reset opera

tions can still occur. The TRI-STATE buffers are also dis

abled by HIGH signals on both So and Si in preparation for

a parallel load operation.

SR

L

H

H

H

H

Inputs

Si

X

H

L

H

L

So

X

H

H

L

L

Mode Select Table

CP

X

Response

Synchronous Reset; Q0-Q7 =

Parallel Load; I/On -* Qn

Shift Right; DS0 -► Qo.Qo "

Shift Left; DS7 -► Q7iQ7 -J

Hold

LOW

■* Q1fetc.

> Q6,etc.

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

y = LOW-to-HIGH transition
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Logic Diagram

i/o0

0S0 SR CP Qo 6L

TL/F/9517-4

note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note 1) Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ r^AirAmw-^T^n^.^
Distributors for availability and specifications. R^Amb-r* Temperature _^^ + ^^

Storage Temperature -65°Cto +150°C Commercial 0°Cto+70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vqc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to +7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

VOH

VOL

I|H

•bvi

'bvit

IlL

los

ICEX

izz

'CCH

ICCL

•ccz

Parameter

Input HIGH Voltage

Input LOWVoltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 54F10%VCc

74F10%Vcc

74F10%Vcc

74F 5% VCc

74F 5% VCc

Output LOW 54F10%Vcc

Voltage 74F10%VCc

74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

0.5

20

100

1.0

-0.6

-1.2

-60 -150

250

500

68 95

68 95

68 95

Units

V

V

V

V

V

pA

fiA

j*A

mA

mA

mA

,*A

MA

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

Iin = -18 mA

Ioh = -1 mA (Qo,Q7)

Ioh = -3 mA (I/On)

IOH= "1mA (Q0,Q7)

Ioh = -3 mA (I/On)

Ioh = -1 mA (Qo.Q?)

IOH= "3 mA (I/On)

lOL = 20mA (l/On,Q0,Q7)

Iol = 20 mA (Qo, Q7)

IOL = 24 mA (I/On)

V,N = 2.7V

V|N = 7.0V

V,N = 5.5V

V|N = 0.5V (CP, DS0, DS7, §R, OE1f OE2)

V,N = 0.5V (S0, Si)

V0UT = 0V

VOUT = Vcc

Vout = Vcc

Vo = HIGH

Vo = LOW

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpi_H

tpHL

tpLH

tpHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Maximum Input Frequency

Propagation Delay

CP to Qo or Q7

Propagation Delay

CP to I/On

Output Enable Time

Output Disable Time

74F

TA= +25°C

VCc = +5.0V

CL = 50 pF

Mln Typ Max

70 100

4.0 7.0 9.0

3.5 6.5 8.5

4.0 7.0 9.0

5.0 8.5 11.0

3.5 6.0 8.0

4.0 7.0 10.0

2.5 4.5 6.0

2.0 4.0 5.5

54F

TA,Vcc = MII

CL = 50pF

Min Max

74F

TA, VCC = Com

CL = 50 pF

Min Max

70

4.0 10.0

3.5 9.5

4.0 10.0

5.0 12.0

3.5 9.0

4.0 11.0

2.5 7.0

2.0 6.5

Units

MHz

ns

■ ns

Fig

No

2-1

2-3

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(D

ts(H)

ts(L)

th(H)

th(U

ts(H)

ts(D

th(H)

th(U

tw(H)

tw(L)

Parameter

Setup Time, HIGH or LOW

So or Si to CP

Hold Time, HIGH or LOW

So or S-i to CP

Setup Time, HIGH or LOW

l/On,DSo,DS7toCP

Hold Time, HIGH or LOW

l/On, DSq, DS7 to CP

Setup Time, HIGH or LOW

SRtoCP

Hold Time, HIGH or LOW

SRtoCP

CP Pulse Width

HIGH or LOW

74F

TA= +25°C

VCc= +5.0V

Mln Max

8.5

8.5

0

0

5.0

5.0

2.0

2.0

10.0

10.0

0

0

7.0

7.0

54F

Ta,VCc = MII

Min Max

74F

TA»VCc = Com

Min Max

8.5

8.5

0

0

5.0

5.0

2.0

2.0

10.0

10.0

0

0

7.0

7.0

Units

ns

ns

ns

ns

Fig

No

2 6

2-6

2-6

2-4
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54F/74F350

4-Bit Shifter with TRI-STATE® Outputs

General Description
The 'F350 is a specialized multiplexer that accepts a 4-bit

word and shifts it 0,1, 2 or 3 places, as determined by two

Select (So, S-|) inputs. For expansion to longer words, three

linking inputs are provided for lower-order bits; thus two

packages can shift an 8-bit word, four packages a 16-bit

word, etc. Shifting by more than three places is accom

plished by paralleling the TRI-STATE outputs of different

packages and using the Output Enable (OE) inputs as a

third Select level. With appropriate interconnections, the

'F350 can perform zero-backfill, sign-extend or end-around

(barrel) shift functions.

Features
■ Linking inputs for word expansion

■ TRI-STATE outputs for extending shift range

Ordering Code: see section 5

Logic Symbols

I I I I I I I

Connection Diagrams

Pin Assignment

forDIP,SOICandFlatpak

"— si

-O0E

1-3 l-2 L, Iq I, l2 l3

°0 °1 °2 °3

rrrr

IEEE/IEC

s0-

0E-

'-3-

1-2-

1-1-

'2—

EN

3

zio

zii

Z13

10-

11-

12-

13-

11-

12-

14--

Z15

716 '*Z16 15--

I-3-

<-2-

'-1~
|q-

I,-

"2-
l3-

GND-

V.

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

DMUX

g|(shifter)

,--o

--0

—Oi

—o2

-03

-vcc

!!i
-OE

-02

-03

Pin Assignment

forLCCandPCC

013 m m h

O3 02 NC OE O1
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Unit Loading/Fan Out: See Section 2 for U.L. definitions s

Pin Names

So, St

I-3-I3
OE

O0-O3

Description

Select Inputs

Data Inputs

Output Enable Input (Active LOW)

TRI-STATE Outputs

54F/74F

U.L.

HIGH/LOW

1.0/2.0

1.0/2.0

1.0/2.0

150/40(33.3)

Input I|H/Iil

Output Ioh/Iol

20 fiA/-1.2 mA

20 jmA/-1.2 mA

20 pA/-1.2 mA

-3mA/24mA(20mA)

Functional Description
The 'F350 is operationally equivalent to a 4-input multiplexer

with the inputs connected so that the select code causes

successive one-bit shifts of the data word. This internal con

nection makes it possible to perform shifts of 0, 1, 2 or 3

places on words of any length.

A 4-bit data word is introduced at the ln inputs and is shifted

according to the code applied to the select inputs So, S-\.

Outputs O0-O3 are TRI-STATE,_controlled by an active

LOW output enable (OE). When OE is LOW, data outputs

will follow selected data inputs; when HIGH, the data out

puts will be forced to the high impedance state. This feature

allows shifters to be cascaded on the same output lines or

to a common bus. The shift function can be logical, with

zeros pulled in at either or both ends of the shifting field;

arithmetic, where the sign bit is repeated during a shift

down; or end around, where the data word forms a continu

ous loop.

Logic Equations

Oo = SoSilo + SO§1I-1 + SoSil-2 + SoSil-3
O, = S0§ili + SoSilo + S0S1I-1 + SoSil-2

°2 = §0§112 + SoS-ih + SoSilo +
o3 = SqS^ + so§ii2 + SoSiH +

Truth

OE

H

L

L

L

L

Table

Inputs

Si

X

L

L

H

H

So

X

L

H

L

H

Oo

z

lo

1-1

1-2

I-3

Outputs

O1

Z

h
lo

1-1

1-2

o2

z

12

h

lo

1-1

o3

z

13

i2

h

lo

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

Logic Diagram

So OE

00 0, 02 03

TL/F/9518-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

4-251



Applications

16-Bit Shift-Up 0 to 3 Places, Zero Backfill

4 5 6 7 8 9 10 11

0 12 3 4 5 6 7 8 9 10 11 12 13 14 15

TL/F/9518-5

Si

L

L

H

H

Function Table

So

L

H

L

H

Shift Function

No Shift

Shift 1 Place

Shift 2 Places

Shift 3 Places

8-Bit End Around Shift 0 to 7 Places

r
s2—

f?

1

L3 L2 L, 1

So

Si

OE

)

2

•2

3

3

0

1-3 L2 L, l0 , l2 '3

So

Si

OE

Yo Y, Y2 Y3 fr

4 5 6 7

'-3 >-2 L, l0 1 l2 3

Si

OE

Yg Y| Y2 Y3 \
c

1
L3 L2 L, l0 1 l2 '

So

Si

OE

Yq Yj Y2 Yj3

s

0 12 3 4 5 6 7
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Applications (Continued)

Function Table

s2

L

L

L

L

H

H

H

H

Si

L

L

H

H

L

L

H

H

So

L

H

L

H

L

H

L

H

Shift Function

No Shift

Shift End Around 1

Shift End Around 2

Shift End Around 3

Shift End Around 4

Shift End Around 5

Shift End Around 6

Shift End Around 7

s£

12 11 10 9

L3 L2 L, l0 h l2

12 11 10 9

13-Bit Twos Complement Sealer

8 7 6 5

L3 L2 Li

4 3 2 1

'2 «3 1-3 «-2

s0

Si

OE

l2 I3

8 7 6 5

Function Table

Si

L

L

H

H

So

L-^8

H-4

L-2

H No Change

Scale

Vb

1/4

Vl
1
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ cMflAi,AmhiaB»Tflmnfl«rf..™

Distributor, for aval.ab.Hty and spec.flcat.ons. tT TemPeratUre -55'Cto + 125-C
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

f^ote 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

■bvi

IlL

'OZH

IOZL

tos

ICEX

•zz

'CCH

•CCL

'ccz

Parameter

Input HIGH Voltage

Input LOWVoltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F5%VCc

74F10%VCc

Output LOW 54F10%VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-1.2

50

-50

-60 -150

250

500

34 42

40 57

40 57

Units

V

V

V

V

V

ftA

,iA

mA

JLtA

mA

fxA

t,A

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'lN = -18 mA

IOh= -1 mA

Ioh = -3 mA

Ioh = -1 mA

Ioh = -3 mA

Ioh = ~1 mA

Ioh = -3 mA

Iol = 20 mA

Iol = 24 mA

V,N = 2.7V

V,N = 7.0V

V,N = 0.5V

Vout = 2.7V

V0UT = 0.5V

VouT = 0V

Vout = vCc

VOUT = Vcc

Vo = HIGH

V0 = LOW

V0 = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpLH

tpHL

tPLH

tpHL

tpZH

*PZL

tpHZ

tpLZ

Parameter

Propagation Delay

In to On

Propagation Delay

SntoOn

Output Enable Time

Output Disable Time

Mln

3.0

2.5

4.0

3.0

2.5

4.0

2.0

2.0

74F

TA = +25°C

VCc= +5.0V

CL = 50pF

Typ

4.5

4.0

7.8

6.5

5.0

7.0

3.9

4.0

Max

6.0

5.5

10.0

8.5

7.0

9.0

enen enen

54F

Ta,vcc = mii

CL=50pF

Mln Max

74F

Ta,vcc

cl =

Mln

3.0

2.5

4.0

3.0

2.5

4.0

2.0

2.0

= Com

50 pF

Max

7.0

6.5

13.5

9.5

8.0

10.0

6.5

7.5

Units

ns

ns

ns

Fig

No

2-3

2-3

2-5
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National
Semiconductor

54F/74F352

Dual 4-lnput Multiplexer

General Description
The 'F352 is a very high-speed dual 4-input multiplexer with

common Select inputs and individual Enable inputs for each

section. It can select two bits of data from four sources. The

two buffered outputs present data in the inverted (comple

mentary) form. The 'F352 is the functional equivalent of the

'F153 except with inverted outputs.

Features
■ Inverted version of 'F153

■ Separate enables for each multiplexer

■ Input clamp diode limits high speed termination effects

Ordering Code: see section 5

Logic Symbols Connection Diagrams

—

—

-0

-0

so

Si

|
>0a

|
'la

2

>2o '3.

a

|
'Ob

|

>1b

z

1

<2b

b

| Pin Assignment for

DIP, SOIC and Flatpak

'Oa

'la—

'3a—

'ob—

'2b—

'3b—

EN

0

1

2

3

IEEE/IEC

r

MUX

st-

l3a-

'2a-
l,a-

lOa-

za-

GND-

1

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

Pin Assignment

forLCCandPCC

'Oa 'la •* !2a !3a
m [3 m m 0

-h

•'3b

-«0b

E3 EH El E3 GS

!1b >2b ** !3b S0

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

loa-^a

lob-'3b
so-s1

Ea

Eb
za.zb

Description

Side A Data Inputs

Side B Data Inputs

Common Select Inputs

Side A Enable Input (Active LOW)

Side B Enable Input (Active LOW)

Multiplexer Outputs (Inverted)

54F/74F

U.L

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

Input I|H/I|l

Output Ioh/'ol

20 juA/-0.6 mA

20/aA/-0.6 mA

20 /nA/ -0.6 mA

20 jaA/-0.6 mA

20 juA/- 0.6 mA

-1 mA/20mA
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Functional Description
The T352 is a dual 4-input multiplexer. It selects two bits of

data from up to four sources under the control of the com

mon Select inputs (So, Si). The two 4-input multiplexer cir

cuits have individual active LOW Enables (Ea, Eb) which can

be used to_strobe the outputs independently. When the En

ables (Ea, Eb) are HIGH, the corresponding outputs (Za, Zb)

are forced HIGH.

The logic equations for the outputs are shown below:

Za= Ea«(loa#S1«So + lia#Si*S0 +

l2a • Si • So + l3a • S-i • Sq)

Zb = Eb • Cob • Si • So + 11 b • Si • So +

l2b • Si • So + l3b • Si • So)

Truth Table

s

The 'F352 can be used to move data from a group of regis

ters to a common output bus. The particular register from

which the data came would be determined by the state of

the Select inputs. A less obvious application is as a function

generator. The 'F352 can generate two functions of three

variables. This is useful for implementing highly irregular

random logic.

Select

Inputs

So Si

X X

L L

L L

H L

H L

L H

L H

H H

H H

Inputs (a or b)

I

H

L

L

L

L

L

L

L

L

l0 11 <2 l3

XXXX

L X X X

H X X X

X L X X

X H X X

X X L X

X X H X

X X X L

X X X H

Output

Z

H

H

L

H

L

H

L

H

L

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Logic Diagram

TL/F/9519-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

4-257



Absolute Maximum Ratings (Note d

MJ^S^S^XSS£^SLnSS Recommended Operating
Distributors for availability and specifications. Conditions

Storage Temperature -65°C to 4-150°C Free Air Ambient Temperature

Ambient Temperature under Bias - 55°C to +125°C Military - 55°C to +125°C

Junction Temperature under Bias -55'Cto + 175'C Commercial O-Cto + 70'C

VccPinPotentiaito »$£"■» +4.5Vto+5.5V
Ground Pin -°-5Vt0 + 70V Commercial +4.5Vto + 5.5V

Input Voltage (Note 2) - 0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE® Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated Iol (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

llH

'bvi

IlL

los

'CEX

•CCH

'CCL

Parameter

Input HIGH Voltage

Input LOWVoltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 74F10%VCc

74F5%VCC

Output LOW 54F10%VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

9.3 14

13.3 20

Units

V

V

V

V

V

,tA

,*A

mA

mA

pA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'in = -18 mA

Ioh = -1 mA

IOh= "1mA

Ioh = -1 mA

Iol = 20 mA

Iql = 20 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 0V

VOUT = VCC

Vo = HIGH

Vo = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

CO

s

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Mln Typ Max

54F

CL = 50pF

Mln Max

74F

CL = 50 pF
Units

Fig

No

Mln Max

tpLH

tpHL

Propagation Delay

SntoZn

4.0

3.5

8.0

6.5

11.0

8.5

3.5

3.0

14.0

11.0

3.5

3.0

12.5

9.5
2-3

tpi_H

tpHL

Propagation Delay

EntoZn

3.0

3.0

4.5

5.0

6.0

7.0

2.5

2.5

8.0

9.0

2.5

2.5

7.0

8.0
ns 2-3

tpHL

Propagation Delay

lntoZn

2.0

1.3

5.2

2.5

7.0

4.0

2.0

1.0

9.0

5.0

2.0

1.0

8.0

4.5
ns 2-3
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National

Semiconductor

54F/74F353

Dual 4-lnput Multiplexer with TRI-STATE® Outputs

General Description
The 'F353 is a dual 4-input multiplexer with TRI-STATE out

puts. It can select two bits of data from four sources using

common Select inputs. The outputs may be individually

switched to a high impedance state with a HIGH on the

respective Output Enable (OE) inputs, allowing the outputs

to interface directly with bus-oriented systems.

Features
■ Inverted version of 'F253

■ Multifunction capability

■ Separate enables for each multiplexer

Ordering Code: see section 5

Logic Symbols

1 1 1 1 1 1 1 1

Connection Diagrams

-OOEb

So

Si

■la >2a '3a >0b 'lb >2b '3b

IEEE/IEC

Pin Assignment for

DIP,SOICandFlatpak

Pin Assignment

for LCC and PCC

s0—

Ma"

>2a"

'Ob—

'2b—

'3b—

MUX

EN

0

1

2

3

r

V

0Ea-

S1-

'3a-

'2a-

'la-

'oa"
za-

GND-

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-0Eb

-s0

"'3b

-'2b

"'Ob

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

loa-«3a

l0b-'3b
So-S!

OEa

OEb
Za,Zb

Description

Side A Data Inputs

Side B Data Inputs

Common Select Inputs

Side A Output Enable Input (Active LOW)

Side B Output Enable Input (Active LOW)

TRI-STATE Outputs (Inverted)

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input I|H/I|l

Output Ioh/'ol

20 jutA/-0.6 mA

20 juA/-0.6 mA

20 jaA/-0.6 mA

20 juiA/ -0.6 mA

20 /aA/- 0.6 mA

-3mA/24mA(20mA)
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Functional Description

The 'F353 contains two identical 4-input multiplexers with

TRI-STATE outputs. They select two bits from four sources

selected by common Select inputs (So, SiJ/The 4-lnput mul

tiplexers have individual Output Enable (OEa, OEb) inputs

which, when HIGH, force the outputs to a high impedance

(High Z) state. The logic equations for the outputs are

shown below:

Za = O

If the outputs of TRI-STATE devices are tied together, all

but one device must be in the high impedance state to avoid

high currents that would exceed the maximum ratings. De

signers should ensure that Output Enable signals to TRI-

STATE devices whose outputs are tied together are de

signed so that there is no overlap.

Truth Table

Select

Inputs

S0 Si

X X

L L

L L

H L

H L

L H

L H

H H

H H

Data Inputs

■o li >2 la

XXXX

L X X X

H X X X

X L X X

X H X X

X X L X

X X H X

X X X L

X X X H

Output

Enable

OE

H

L

L

L

L

L

L

L

L

Output

Z

z

H

L

H

L

H

L

H

L

Address inputs So and Si are common to both sections.

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

TL/F/9520-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ -a Air AmW,Mt -r,™™*
Distributors for availability and specifications. B^Amb-rf Temperature ^ +^

Storage Temperature - 65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc pjn Potential to Commercial + 4.5V to + 5.5V

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to Vcc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V«H

V|L

VCD

VOH

VOL

I|H

>BVI

IlL

'OZH

'OZL

"OS

ICEX

izz

•CCH

ICCL

Iccz

Parameter

input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F 5% Vcc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

9.3 14

13.3 20

15.0 23

Units

V

V

V

V

V

fxA

fiA

mA

jaA

tiA

mA

pA

,xA

mA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

•oh = ~1 mA

Ioh = -3 mA

Ioh = -1 mA

Ioh = -3 mA

Ioh = ~1 mA

Ioh - -3 mA

Iol — 20 mA

'OL = 24 mA

V|N = 2.7V

V(N = 7.0V

V|N = 0.5V

VoUT = 2.7V

Vqut = 0.5V

VouT = 0V

VOUT = Vcc

VOUT = VCC

V0 = HIGH

Vo = LOW

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

Mln Typ Max

54F

Tai Vqc = Mil

CL = 50pF

Min Max

74F

Ta. VCc = Com

CL = 50 pF
Units

Fig

No

Mln Max

tpi_H Propagation Delay

SntoZn

4.0

3.5

8.0

6.5

11.0

8.5

3.5

3.0

14.0

11.0

3.5

3.0

12.5

9.5
2-3

tpi_H

tpHL

Propagation Delay 3.0

1.3

5.2

2.5

7.0

4.0

3.0

1.0

9.0

5.0

3.0

1.0

8.0

4.5
ns 2-3

Output Enable Time 2.5

3.0

5.5

6.0

8.0

8.0

2.0

2.5

10.5

10.5

tpHZ

tpLZ

Output Disable Time 2.0

2.0

3.7

4.4

5.0

6.0

2.0

2.0

7.0

8.0

2.0

2.5

2.0

2.0

9.0

9.0

6.0

7.0

2-5
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National
Semiconductor

54F/74F365

Hex Buffer/Driver with TRI-STATE® Outputs

General Description
The 'F365 is a hex buffer and line driver designed to be

employed as a memory and address driver, clock driver and

bus-oriented transmitter/receiver.

Features
■ TRI-STATE buffer outputs

■ Outputs sink 64 mA

■ Bus-oriented

Ordering Code: see section 5

Logic Symbol

IEEE/IEC

oIL

Connection Diagrams

|j & I EN

Pin Assignment

forDIP.SOICandFlatpak

Ofi

l0—

h—

'2—

's—

u—

'5—

> V

— o,

— 02

—03

— 04

—05

TL/F/9522-4

Oo

'1

Oi

>2

°2
GND

Pin Assignment

for LCC and PCC

h °1 NC I, 00

13 E GO [§] H

TL/F/9522-1
TL/F/9522-2

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

5Ei,5E2

In

On

Description

Output Enable Input

(Active LOW)

Inputs

Outputs

54F/74F

U.L

HIGH/LOW

1.0/0.033

1.0/0.033

600/106.6(80)

Input I|H/Iil

Output Ioh/'ol

20 /aA/20 jliA

20 jaA/20 juA

~12mA/64mA(48mA)

Function Table

Inputs

OE! Ol2 I

L L L

L L H

X H X

H X X

Output

O
L = LOW Voltage Level

H = HIGH Voltage Level

X = Immaterial

Z = High Impedance
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Absolute Maximum Ratings (Note 1) Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ - a A. A^ui^T^nara*,,^
Distributors for ava..abH.ty and specification,. Free^rAmb.en, Tempsrature _^+^

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to +5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to +7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

VOH

VOL

I|H

•bvi

IlL

IOZH

IOZL

los

ICEX

Izz

•CCH

ICCL

•ccz

Parameter

Input HIGH Voltage

Input LOWVoltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F5%VCc
74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.4

2.0

2.4

2.0

2.7

2.0

0.55

0.55

20

100

-20

50

-50

-100 -225

250

500

25 35

44 62

35 48

Units

V

V

V

V

V

jxA

fiA

jaA

fiA

pA

mA

,*A

,iA

mA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'in = —18 mA

Ioh = -3 mA

Ioh = -12 mA

•oh = "3 mA
IOh= -12 mA

Ioh = -3 mA

Ioh = -15 mA

Iol = 48 mA

Iol = 64 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V

VouT = 2.7V

VOUT = 0.5V

VouT = 0V

VOUT = Vcc

Vout = Vex;

V0 = HIGH

Vo = LOW

Vo = HIGH Z

Ul
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA = +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

54F

Ta, VCc = Mil

CL = 50 pF

Min Max

74F

a, VCc = Com

CL = 50 pF
Units

Fig

No

Min Max

tpi_H

JPHL

Propagation Delay

ln to On

2.5

2.5

4.6

4.9

6.5

7.0

2.0

2.0

7.0

7.0

2.0

2.0

7.0

7.5
2-3

tpZH

tpZL

Enable Time 2.5

2.5

5.1

5.7

9.5

9.0

2.0

2.0

8.5

8.5

2.5

2.5

10.0

9.5
2-5

tpHZ

tpLZ

Disable Time 2.0

2.0

3.6

4.4

6.5

6.5

1.5

1.5

6.5

9.0

2.0

2.0

7.0

7.0
2-5
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National

Semiconductor

54F/74F366«54F/74F368

Hex Inverter Buffer with TRI-STATE® Outputs

Features
■ TRI-STATE buffer outputs sink 64 mA

■ High-speed

■ Bus-oriented

■ High impedance npn base inputs for reduced loading

Ordering Code: see section 5

Connection Diagrams

Pin Assignment

for DIP, SOIC and Flatpak

'F366

Pin Assignment

forLCCandPCC

l2 0, NC I, 00

GO 0 d] m H

TL/F/9521-2
TL/F/9521-1

'F368

Pin Assignment

for DIP, SOIC and Flatpak

Pin Assignment

forLCCandPCC

l2 0, NC I, 60

GOIZI GO DEI H

0O1O1PQ1
64 U NC 03 l3
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Logic Symbols

IEEE/IEC

'F366

IEEE/IEC

'F368

6T2-^

'o—

"i—

•2—

'3—

u—

l5

7)
> V

^^"^ Ot

TL/F/9521-5

Unit Loading/Fan Out: See Section 2 for U.L definitions

1V

2V

-61

-02

•03

-04

-65

Pin Names

Oe1(oe2

In
On, On

Description

Output Enable Input (Active LOW)

Input

Outputs

54F/74F

U.L

HIGH/LOW

1.0/0.033

1.0/0.033

600/106.6(80)

Input I|H/Iil

Output Ioh/'ol

20jj,A/-20ju,A

20fiA/-20ftA

-12mA/64mA(48mA)

Function Tables

"F366 'F368

Oil

L

L

X

H

Inputs

OE2

L

L

H

X

I

L

H

X

X

Output

O

H

L

Z

Z

Inputs

Of I

L L

L H

H X

Output

O

H

L

Z

L = LOW Voltage Level

H = HIGH Voltage Level

X = Immaterial

Z = High Impedance
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Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature

Ambient Temperature under Bias

Junction Temperature under Bias

VCc Pin Potential to

Ground Pin

Input Voltage (Note 2)

Input Current (Note 2)

Voltage Applied to Output

in HIGH State (with VCc = OV)

Standard Output

TRI-STATE Output

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

-65°Cto +150°C

-55°Cto+125°C

-55°Cto +175°C

-0.5V to + 7.0V

- 0.5V to + 7.0V

-30mAto+5.0mA

-0.5VtoVCc
-0.5V to + 5.5V

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

Symbol

V|H

V|L

VCD

V0H

VOL

llH

'bvi

IlL

>OZH

'OZL

los

'CEX

izz

'CCH

ICCL

'ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

Min

2.0

2.0

2.0

2.0

-100

54F/74F

Typ

20

49

35

Max

0.8

-1.2

0.55

0.55

20

100

-20

50

-50

-225

250

500

25

62

48

Units

V

V

V

V

V

^A

fiA

pA

,iA

/iA

mA

txA

HA

mA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

hN =

'oh =

•oh =

»OH =

IOL =

IOL =

V|N =

V|N =

V|N =

VOUT

VOUT

VOUT

VOUT

VOUT

vo =

vo =

vo =

-18 mA

-12mA

-12mA

-15mA

48 mA

64 mA

2.7V

7.0V

0.5V

= 2.7V

= 0.5V

= 0V

= vcc

= vcc

HIGH

LOW

HIGHZ
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc = +5.0V

CL = 50 pF

Mln Typ Max

54F

CL = 50 pF

Mln Max

74F

Ta. VCc = Com

CL = 50 pF
Units

Fig

No

Min Max

tPLH

tpHL

Propagation Delay 2.5

1.0

4.0

1.8

6.5

5.0

2.0

1.0

7.5

5.5
2-3

Enable Time (*F366)

*PZL

2.5

2.5

4.2

4.2

9.5

9.0

2.5

2.5

10.0

9.5
2-5

Enable Time ('F368)

tpZL

2.5

3.0

4.2

5.6

7.5

8.5

2.0

3.0

8.5

9.0
2-5

tpHZ

tpi_Z

Disable Time 2.0

2.0

3.3

4.1

6.5

6.5
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National
Semiconductor

54F/74F373

Octal Transparent Latch with TRI-STATE® Outputs

General Description
The 'F373 consists of eight latches with TRI-STATE outputs

for bus organized system applications. The flip-flops appear

transparent to the data when Latch Enable (LE) is HIGH.

When LE is LOW, the data that meets the setup times is

latched. Data appears_on the bus when the Output Enable

(OE) is LOW. When OE is HIGH the bus output is in the high

impedance state.

Features
■ Eight latches in a single package

■ TRI-STATE outputs for bus interfacing

Ordering Code: see section 5

Logic Symbols Connection Diagrams

IEEE/IEC

0E-*

LE

D2—

D3

D4—

D5

D6

D7 —

LE

OE

o0

EN

Cl

ID >

02 D3 D4

O2 O3 O4

V

1
D5

05

—oo

—°1

—02

—03

—04

—05

—o6

—07

TL/F/9523-4

Dg Dy

o6 o7

Pin Assignment

for DIP, SOIC and Flatpak

OE—

o0-

D1-

°1-

°2-

D2-

D3-

O3-
GND-

1

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

Pin Assignment

forLCCandPCC

D3 D2 02 0, D,

m 0 m mb

-07

-D7

-o6

-LE

D5 05 06 D6 D;

i i i mrn
TL/F/8523-1

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

D0-D7

LE

OE

O0-O7

Description

Data Inputs

Latch Enable Input (Active HIGH)

Output Enable Input (Active LOW)

TRI-STATE Latch Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input l|H/liL

Output Ioh/Iol

20 jaA/-0.6 mA

20 jutA/-0.6 mA

20 ftA/-0.6 mA

-3mA/24mA(20mA)
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Functional Description
The 'F373 contains eight D-type iatches with TRI-STATE

output buffers. When the Latch Enable (LE) input is HIGH,

data on the Dn inputs enters the latches. In this condition

the latches are transparent, i.e., a iatch output will change

state each time its D input changes. When LE is LOW, the

latches store the information that was present on the D in

puts a setup time preceding the HIGH-to-LOW transition of

LE. The TRI-STATE buffers are controlled by the Output

Enable (OE) input. When OE is LOW, the buffers are in the

bi-state mode. When OE is HIGH the buffers are in the high

impedance mode but this does not interfere with entering

new data into the latches.

Truth Table

Inputs

LE

H

H

L

X

OE

L

L

L

H

Dn

H

L

X

X

Output

On

H

L

On (no change)

Z

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance State

Logic Diagram

Do

L
"I

h Dj D,

t

OE

TL/F/9523-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note 1) Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c^AirAmKWT^nn^h.™
Distributors for availability and specifications. Fre^Amtaent Temperature _55.ct0+125.c

Storage Temperature -65°Cto +150°C Commercial 0°Cto+70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5VtoVCc

TRI-STATE Output -0.5VtO+5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

'bvi

IlL

'OZH

'OZL

«OS

ICEX

Izz

•ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%VCc

74F10%Vcc

74F10%VCc

74F 5% VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

38 55

Units

V

V

V

V

V

mA

jxA

j*A

mA

,iA

?A

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

l|lsj=-18mA

IOh= -1mA

'OH = -3 mA

'OH = -1 mA

'OH = -3 mA

'OH = -1 mA

Iqh = -3 mA

•ol = 20 mA

•ol = 24 mA

Vin = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 2.7V

V0UT = 0.5V

V0UT = 0V

VOUT = VCC

VOUT = Vcc

V0 = HIGH Z

S3
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6 AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tPLH

tpHL

tPLH

tPHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Propagation Delay

DntoOn

Propagation Delay

LEtoOn

Output Enable Time

Output Disable Time

74F

TA= +25°C

VCc = +5.0V

CL = 50pF

Min Typ Max

3.0 5.3 7.0

2.0 3.7 5.0

5.0 9.0 11.5

3.0 5.2 7.0

2.0 5.0 11.0

2.0 5.6 7.5

1.5 4.5 6.5

1.5 3.8 5.0

54F

Ta,vcc = mii

CL = 50 pF

Min Max

3.0 8.5

2.0 7.0

5.0 15.0

3.0 8.5

2.0 13.5

2.0 10.0

1.5 10.0

1.5 7.0

74F

Ta. VCc = Com

CL = 50 pF

Min Max

3.0 8.0

2.0 6.0

5.0 13.0

3.0 8.0

2.0 12.0

2.0 8.5

1.5 7.5

1.5 6.0

Units

ns

ns

ns

ns

Fig

No

2-3

2-3

2-5

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

tw(H)

Parameter

Setup Time, HIGH or LOW

DntoLE

Hold Time, HIGH or LOW

DntoLE

LE Pulse Width, HIGH

74F

TA= +25°C

VCc= +5.0V

Min Max

2.0

2.0

3.0

3.0

6.0

54F

TA,VCC = MII

Min Max

2.0

2.0

3.0

4.0

6.0

74F

Ta. VCc = Com

Min Max

2.0

2.0

3.0

3.0

6.0

Units

ns

ns

Rg
No

2-6

2-4
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National
Semiconductor

54F/74F374

Octal D-Type Flip-Flop with TRI-STATE® Outputs

General Description
The 'F374 is a high-speed, low-power octal D-type flip-flop

featuring separate D-type inputs for each flip-flop and

TRI-STATE outputs for bus-oriented_applications. A buff

ered Clock (CP) and Output Enable (OE) are common to all

flip-flops.

Features
■ Edge-triggered D-type inputs

■ Buffered positive edge-triggered clock

■ TRI-STATE outputs for bus-oriented applications

Ordering Code: see section 5

Logic Symbols

I I I I I I I I

Connection Diagrams

Pin Assignment

for DIP, SOIC and Flatpak

Do

CP

OE

oo

Di

Ol

D2

o2

D3

O3

D4

O4

D5 D

O5 C

6 D7

6 °7

I I I I I I I I
TL/F/9524-1

IEEE/IEC

CP

DO

D1

D2

D3

D4—

D5

D6

D7—

EN

n

ID

r

> v

6e-

o2-
D2-

GND-

1

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

Pin Assignment

for LCC and PCC

D3 Dz 02 0t D,

GO 0 go m [7J

-07

-D7

-D4

-O4
-CP

D5 O5 06 D6

o2

—03

—o4

—05

—o6

—o7

TL/F/9524-4

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin

Names

D0-D7

CP

OE

O0-O7

Description

Data Inputs

Clock Pulse Input (Active Rising Edge)

TRI-STATE Output Enable Input (Active LOW)

TRI-STATE Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input I,h/Iil

Output Ioh/'ol

20 ju,A/- 0.6 mA

20 julA/-0.6 mA

20jaA/-0.6mA

-3mA/24mA(20mA)
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CO Functional Description
The 'F374 consists of eight edge-triggered flip-flops with in

dividual D-type inputs and TRI-STATE true outputs. The

buffered clock and buffered Output Enable are common to

all flip-flops. The eight flip-flops will store the state of their

individual D inputs that meet the setup and hold time re

quirements on the LOW-to-HIGH Clock (CP) transition. With

the Output Enable (OE) LOW, the contents of the eight flip-

flops are available at the outputs. When the OE is HIGH, the

outputs go to the high impedance state. Operation of the

OE input does not affected the state of the flip-flops.

Truth Table

Inputs

Dn

H

L

X

CP

X

OE

L

L

H

Internal

Register

H

L

X

Output

On

H

L

Z

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

S~ = LOW-to-HIGH Clock Transition

Q Q IQ Q IQ QUO Q

TL/F/9524-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note 1) Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c^AirAmw^T^n^i,^

Distributors for availability and specifications. Military TemPerature _55OC to +^^
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias —55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) - 0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

I|H

•bvi

IlL

'OZH

'OZL

los

•CEX

•zz

•ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F 5% VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

55 86

Units

V

V

V

V

V

txA

HA

mA

^A

jtA

mA

itiA

ma

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

•lN = —18 mA

IOH = -1 mA

'OH = -3 mA

lOH = -1 mA

Ioh = -3 mA

Ioh = -1 mA

Ioh = -3 mA

Iol = 20 mA

Iql = 24 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V

Vqut = 2.7V

V0UT = 0.5V

V0UT = 0V

VoUT = Vcc

VOUT = Vcc

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpZH

tpHZ

tpLZ

Parameter

Maximum Clock Frequency

Propagation Delay

CPtoOn

Output Enable Time

Output Disable Time

74F

TA= +25°C

Vcc= +5.0V

CL = 50pF

Mln Typ Max

100 140

4.0 6.5 8.5

4.0 6.5 8.5

2.0 9.0 11.5

2.0 5.8 7.5

2.0 5.3 7.0

1.5 4.3 5.5

54F

CL = 50 pF

Min Max

60

4.0 10.5

4.0 11.0

2.0 14.0

2.0 10.0

2.0 8.0

1.5 7.5

74F

Ta, VCc = Com

CL = 50 pF

Mln Max

70

4.0 10.0

4.0 10.0

2.0 12.5

2.0 8.5

2.0 8.0

1.5 6.5

Units

MHz

ns

ns

Fig

No

2-1

2-3

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(U

tw(H)

tw(L)

Parameter

Setup Time, HIGH or LOW

DntoCP

Hold Time, HIGH or LOW

DntoCP

CP Pulse Width

HIGH or LOW

74F

TA= +25°C

VCc = +5.0V

Min Max

2.0

2.0

2.0

2.0

7.0

6.0

54F

TA.VCC = MH

Min Max

7.0

6.0

74F

TA,VCC = Com

Mln Max

2.0

2.0

2.0

2.0

7.0

7.0

Units

ns

ns

Fig

No

2-6

2-4
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ADVANCED INFORMATION

54F/74F377

Octal D Flip-Flop with Clock Enable

General Description

The 'F377 has eight edge-triggered, D-type flip-flops with

individual D inputs and Q outputs. The common buffered

Clock (CP) input loads all flip-flops simultaneously, when the

Clock Enable (CE) is LOW.

The register is fully edge-triggered. The state of each D in

put, one setup time before the LOW-to-HIGH clock tran

sition, is transferred to the corresponding flip-flop's Q out

put. The CE input must be stable only one setup time prior

to the LOW-to-HIGH clock transition for predictable opera

tion.

Features
■ Ideal for addressable register applications

■ Clock enable for address and data synchronization

applications

■ Eight edge-triggered D flip-flops

■ Buffered common clock

■ See 'F273 for master reset version

■ See 'F373 for transparent latch version

■ See 'F374 for TRI-STATE® version

Logic Symbols Connection Diagrams

IEEE/IEC

CE-*

CP

Do—

Dt —

D2—

D3
D4—

D5

D6

D? —

D

CP

CE

Q

G1

>1C2

2D — Qo

— Q1

_Q2

— Q3

— Q4

— Q5

— Qe

—Q7

TL/F/9525-4

,,,,,,,

0 Qi Q2 Q3 Q4 Q5 Q6 Q7

Pin Assignment for

DIP,SOICandFlatpak

CE-

Qo~

D0-

D1-

Q1-

Q2-

D2-

D3-

Q3-
GND-

V.

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

I I I I I I I I
TL/F/9S25-1

Pin Assignment

forLCCandPCC

D3 Dj Q2 Q1 Dt

in 13 m m h

-Q7

-D7

-D8

-08

-Q5

-D4

-Q4

-CP

E3 El (H El QI

D5 Q5 Q6 D6 D7

TL/F/9525-3
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CO Mode Select-Function Table

Operating Mode

Load'T'

Load "0"

Hold

(Do Nothing)

Inputs

CP

X

CE

1

1

h

H

Dn

h

1

X

X

Output

On

H

L

No Change

No Change

H = HIGH Voltage Level

h = HIGH Voltage Level one setup time prior to

the LOW-to-HIGH Clock Transition

L = LOW Voltage Level

I = LOW Voltage Level one setup time prior to

the LOW-to-HIGH Clock Transition

X = Immaterial

_/" = LOW-to-HIGH Clock Transition

Logic Diagram

0, 02 03 04 09 06 Oj

TL/F/9525-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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54F/74F378

Parallel D Register with Enable

General Description
The T378 is a 6-bit register with a buffered common En

able. This device is similar to the 'F174, but with common

Enable rather than common Master Reset.

Features
6-bit high-speed parallel register

Positive edge-triggered D-type inputs

Fully buffered common clock and enable inputs

Input clamp diodes limit high-speed termination effects

Full TTL and CMOS compatible

Ordering Code: see section 5

Logic Symbols

I I I I I I

Connection Diagrams

D0 D, D2 D3

Qo Q1 Q2 Q3 Q4

Pin Assignment for

DIP,SOICandFlatpak

Pin Assignment

forLCCandPCC

I I I I I I
TL/F/9526-1

IEEE/IEC

E-

CP-

%'

D2-

>1C2

T

2D

E-

Qo-

D0~

D1~

Q1-
D2-

Q2-
GND-

V

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-vcc
-Q5

»D4

-Q4

-Q3
-CP

;«■«%

TL/F/9526-2

0 qu m Ezj m

D3 Q4 NC D4 D^

TL/F/9526-3

— Qo

— Qi

— Q2

— Q3

— Q4

— Q5

TL/F/9526-4

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

E

D0-D5

CP

Q0-Q5

Description

Enable Input (Active LOW)

Data Inputs

Clock Pulse Input (Active Rising Edge)

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

Input I|H/Iil

Output Ioh/Iol

20jiA/-0.6mA

20/uiA/-0.6 mA

20 jjiA/- 0.6 mA

-1 mA/20mA
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Functional Description
The 'F378 consists of six edge-triggered D-type flip-flops

with individual D inputs and Q inputs. The Clock (CP) and

Enable (E) inputs are common to all flip-flops.

When the E input is LOW, new data is entered into the

register on_ the LOW-to-HIGH transition of the CP input.

When the E input is HIGH the register will retain the present

data independent of the CP input.

Truth Table

Inputs

[UJ
H

L

L

CP

SSS
Dn

X

H

L

Output

On

No Change

H

L

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

_S~ = LOW-to-HIGH Clock Transition

Logic Diagram

cr rSo—
On

I
■■■■■

CP D

E

Q

1
■■■■■

CP D

E

Q

—

D2

^ >

CP D

E

Q

1
CP D

E

Q

Q.

1
CP D

E

Q

*

—

o

CP D

E

Q

Qo Qi Q2 Q3 Q4 Q5

TL/F/9526-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

4-282



Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ cr^AirAmw^T^^-*,,^
D.s.r.butors.oravaNabH.tyandspec.f.cations. Free^rAmb.ent Temperature ^^

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias — 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) - 0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

Vol.

I|H

•bvi

"IL

los

ICEX

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F 10%VCc

74F 5%VCc

Output LOW 54F 10% VCc

Voltage 74F 10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

30 45

Units

V

V

V

V

V

M,A

,xA

mA

mA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

llN = -18 mA

Ioh = -1 mA

Ioh = -1 mA

Ioh = -1 mA

Iql = 20 mA

Iql = 20 mA

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 0V

VOUT = VCC

Vo = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

Parameter

Maximum Input Frequency

Propagation Delay

CPtoQn

74F

TA= +25°C

VCc = +5.0V

CL = 50pF

Min Typ Max

80 100

3.0 5.5 7.5

3.5 6.0 8.5

54F

TA, VCC = Mil

CL = 50 pF

Min Max

70

3.0 10.0

3.5 10.5

74F

Ta» Vcc = Com

CL = 50 pF

Min Max

80

3.0 8.5

3.5 9.5

Units

MHz

ns

Fig

No

2-1

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(U

th(H)

th(L)

ts(H)

ts(D

th(H)

th(L)

tw(H)

tw(U

Parameter

Setup Time, HIGH or LOW

Dn to CP

Hold Time, HIGH or LOW

DntoCP

Setup Time, HIGH or LOW

EtoCP

Hold Time, HIGH or LOW

EtoCP

CP Pulse Width

HIGH or LOW

74F

TA= +25°C

VCc= + 5.0V

Min Max

4.0

4.0

0

0

4.0

10.0

0

0

4.0

6.0

54F

TA,VCC = Mil

Min Max

5.0

5.0

2.0

2.0

4.5

13.0

0

0

5.0

7.5

74F

TA,VCc = Com

Min Max

4.0

4.0

0

0

4.0

10.0

0

0

4.0

6.0

Units

ns

ns

ns

Rg

No

2-6

2-6

2-4
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54F/74F379

Quad Parallel Register with Enable

3

General Description
The 'F379 is a 4-bit register with buffered common Enable.

This device is similar to the *F175 but features the common

Enable rather than common Master Reset.

Features
■ Edge triggered D-type inputs

■ Buffered positive edge-triggered clock

■ Buffered common enable input

■ True and complement outputs

Ordering Code: see section 5

Logic Symbols

IEEE/IEC

Connection Diagrams

E-*

CP

Do_

D,—

D2—

-O E

CP

61

>1C2

a

2D

|

Do

Qo

1

Qi

r

1

—Q0

—Q,

—Q2

^-Qs

TL/F/9527-5

Q2 Q3

Pin Assignment

DIP, SOiC and Flatpak

E—

Qo"

Qo-

Do"

D,-

Qi-

Q1-
GND-

V

2

3

4

5

6

7

8

16

IS

14

13

12

11

10

9

-vcc
-Q3

-Q3

-Q2

-CP

Pin Assignment

for LCC and PCC

Qt D| NC Do Qo

d] 13 d] go H

TL/F/0527-1

Qj Dj NC D, Q3

TL/F/9527-2

TT1 I ? I ? I
TL/F/9527-3

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

D0-D3

CP

Q0-Q3

Q0-Q3

Description

Enable Input (Active LOW)

Data Inputs

Clock Pulse Input (Active Rising Edge)

Flip-Flop Outputs

Complement Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

50/33.3

Input I|H/I|l

Output Ioh/Iol

20 jiA/- 0.6 mA

20 jj,A/- 0.6 mA

20 juiA/- 0.6 mA

-1 mA/20mA

-1 mA/20mA
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CO Functional Description
The T379 consists of four edge-triggered D-Type flip-flops

with individual D inputs and Q and Q outputs. The Clock

(CP) and Enable (E) inputs are common to all flip-flops.

When the E is input HIGH, the register will retainjhe present

data independent of the CP input. The Dn and E inputs can

change when the clock is in either state, provided that the

recommended setup and hold times are observed.

Truth

E

H

L

L

Table

Inputs

CP

SSS
Dn

X

H

L

On

NC

H

L

Outputs

Qn

NC

L

H

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

_/" = LOW-to-HIGH Transition

NC = No Change

Logic Diagram

°0

I

Q Q

D2

I
CP D

Q Q

Q, Q, Q2 Q2

TL/F/9527-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

4-286



Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ - ^ A. AMuWT«mM«i,.«i

Distributors for availability and specifications. Mltery TemPerature _55.c tQ + ^^
Storage Temperature -65°Cto + 150°C Commercial 0°Cto +70°C

Ambient Temperature under Bias —55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCC Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to Vcc

TRI-STATE® Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOL (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful fife impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

I|H

'bvi

IlL

los

•CEX

•CCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10%VCc

Voltage 74F 10%VCc

74F 5% VCc

Output LOW 54F 10% Vcc

Voltage 74F 10% Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

28 40

Units

V

V

V

V

V

,iA

fiA

mA

mA

,iA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

•oh = -1 mA

'OH = -"I mA

•oh - -1 mA

Iol = 20 mA

•ol = 20 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V

Vqut = 0V

Vout = Vcc

Vo = LOW

CO

3
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S AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpi_H

tpHL

Parameter

Maximum Clock Frequency

Propagation Delay

CPtoQn,Qn

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Mln Typ Max

100 140

4.0 5.0 6.5

5.0 6.5 8.5

54F

TA» VCc = Mil

CL = 50 pF

Min Max

75

3.0 8.5

4.0 10.0

74F

TA» Vcc - Com

CL = 50 pF

Mln Max

100

4.0 7.5

5.0 9.5

Units

MHz

ns

Fig

No

2-1

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(U

ts(H)

ts(L)

th(H)

th(U

tw(H)

tw(L)

Parameter

Setup Time, HIGH or LOW

Dn to CP

Hold Time, HIGH or LOW

DntoCP

Setup Time, HIGH or LOW

EtoCP

Hold Time, HIGH or LOW

EtoCP

CP Pulse Width

HIGH or LOW

74F

TA = +25°C

VCc= +5.0V

Mln Max

3.0

3.0

1.0

1.0

6.0

6.0

0

0

4.0

5.0

54F

Ta» vCc = Mil

Mln Max

4.0

4.0

2.0

2.0

8.0

8.0

0

0

5.0

7.0

74F

TA,VCC = Com

Min Max

3.0

3.0

1.0

1.0

6.0

6.0

0

0

4.0

5.0

Units

ns

ns

ns

Fig

No

2-6

2-6

2-4
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54F/74F381

4-Bit Arithmetic Logic Unit

General Description
The 'F381 performs three arithmetic and three logic opera

tions on two 4-bit words, A and B. Two additional select

input codes force the function outputs LOW or HIGH. Carry

propagate and generate outputs are provided for use with

the 'F182 carry lookahead generator for high-speed expan

sion to longer word lengths. For ripple expansion, refer to

the'F382 ALU data sheet.

Features
■ Low input loading minimizes drive requirements

■ Performs six arithmetic and logic functions

■ Selectable LOW (clear) and HIGH (preset) functions

■ Carry generate and propagate outputs for use with

carry lookahead generator

Ordering Code: see section 5

Logic Symbols Connection Diagrams

I I I I I I I I
A, B, A2 B2 A3 B3

F2 F3

I 1 1 r

IEEE/IEC

Pin Assignment for

DIP.SOICandFlatpak

o-

So-

V

cn-

Ao"

X

__

>
(1/2) Bl

3CI

T

P

Q

P

Q

P

Q

P

Q

ALU

(1/2/3) CP

(1/2/3) CG

r

0)

(2)

(4)

(8)

Ai"

B1~

Ao"

Bo-

s0-

S1~
S2-

Fo-

F1~
GND-

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

Pin Assignment

forLCCandPCC

S, So Bo

m

-A2

-P

-G

B3 A3 B2
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Unit Loading/Fan Out: See Section 2 for U.L. definitions

Pin Names

A0-A3

B0-B3

so-s2

Cn
G

P

F0-F3

Description

A Operand Inputs

B Operand Inputs

Function Select Inputs

Carry Input

Carry Generate Output (Active LOW)

Carry Propagate Output (Active LOW)

Function Outputs

54F/74F

U.L

HIGH/LOW

1.0/3.0

1.0/3.0

1.0/1.0

1.0/4.0

50/33.3

50/33.3

50/33.3

Input I,h/Iil

Output Ioh/'ol

20 fiA/-1.8 mA

20 /aA/- 1.8 mA

20jaA/-0.6mA

20fiA/-2.4mA

-1 mA/20mA

-1 mA/20mA

-1 mA/20mA

Functional Description
Signals applied to the Select inputs S0-S2 determine the

mode of operation, as indicated in the Function Select Ta

ble. An extensive listing of input and output levels is shown

in the Truth Table. The circuit performs the arithmetic func

tions for either active HIGH or active LOW operands, with

output levels in the same convention. In the Subtract oper

ating modes, it is necessary to force a carry (HIGH for active

Function Select Table

HIGH operands, LOW for active LOW operands) into the Cn

input of the least significant package.

The Carry Generate (G) and Carry Propagate (P) outputs

supply input signals to the 'F182 carry lookahead generator

for expansion to longer word length, as shown in Figure 1.

Note that an 'F382 ALU is used for the most significant

package. Typical delays for Figure 1 are given in Figure 2.

FIGURE 2.16-Bit Delay Tabulation

So

L

H

L

H

L

H

L

H

Select

Si

L

L

H

H

L

L

H

H

S2

L

L

L

L

H

H

H

H

Ooeration

Clear

B Minus A

A Minus B

A Plus B

AeB

A + B

AB

Preset

Path Segment

Aj or Bj to P

PitoCn + j('F182)

CntoF

CnorCn + 4,OVR

Total Delay

Toward

F

7.2 ns

6.2 ns

8.1 ns

21.5 ns

Output

Cn + 4, OVR

7.2 ns

6.2 ns

8.0 ns

21.4 ns

H = HIGH Voltage Level

L = LOW Voltage Level

Ao-A3 A4-A7 B4-B7 B12"B15

SELECT—/

F38I

fl 'TTT ^^FH
F4-F7 I I FrF,, j 1

F
I Pi Cn + y

T182 CU

FIGURE 1.16-Bit Lookahead Carry ALU Expansion
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Logic Diagram

%-tx

•^ TL/F/9528-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Truth Table

Function

CLEAR

B Minus A

A Minus B

A Plus B

A8B

A + B

AB

PRESET

So

L

H

L

H

L

H

L

H

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Si

L

L

H

H

L

L

H

H

S2

L

L

L

L

H

H

H

H

Inputs

Cn

X

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

An

X

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

Bn

X

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

Fo

L

H

L

L

H

L

H

H

L

H

L

L

H

L

H

H

L

L

H

H

L

H

L

L

H

L

H

H

L

L

H

H

H

L

L

L

H

H

H

H

H

Fi

L

H

H

L

H

L

H

L

L

H

L

H

H

L

L

H

L

L

H

H

H

L

L

L

H

L

H

H

L

L

H

H

H

L

L

L

H

H

H

H

H

Outputs

F2

L

H

H

L

H

L

H

L

L

H

L

H

H

L

L

H

L

L

H

H

H

L

L

L

H

L

H

H

L

L

H

H

H

L

L

L

H

H

H

H

H

F3

L

H

H

L

H

L

H

L

L

H

L

H

H

L

L

H

L

L

H

H

H

L

L

L

H

L

H

H

L

L

H

H

H

L

L

L

H

H

H

H

H

G

L

H

L

H

H

H

L

H

H

H

H

L

H

H

H

L

H

H

H

H

L

H

H

H

L

H

H

H

L

H

H

H

H

L

H

L

H

H

H

H

H

to.
L

L

L

H

L

L

L

H

L

L

H

L

L

L

H

L

L

H

L

L

L

H

L

L

L

H

H

L

L

H

H

H

L

L

H

L

L

H

H

H

L
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Absolute Maximum Ratings (Note d
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature - 65°C to +150°C

Ambient Temperature under Bias -55°C to +125°C

Junction Temperature under Bias -55°C to +175°C

VCc Pin Potential to

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to +5.5V

+ 4.5V to + 5.5V

Symbol

V|H

V|L

VCD

VOH

V0L

llH

•bvi

IlL

los

•CEX

ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% Vcc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Mln

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-2.4

-150

250

59 89

Units

V

V

V

V

V

»A

liA

mA

mA

mA

M.A

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

hN =

'oh -

»OH =

•oh =

IOL =

IOL =

V|N =

V|N =

V|N =

V|N =

VOUT

VOUT

-18 mA

-1 mA

-1 mA

-1 mA

20 mA

20 mA

2.7V

7.0V

0.5V (Sn)

0.5V(An>Bn,Cn)

= 0V

= vcc

CO
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

54F

CL = 50 pF

74F

CL = 50pF
Units

Fig

No

Min Max

Propagation Delay

CntoF|

2.5

2.5

8.1

5.7

12.0

8.0

2.5

2.5

13.0

9.0
2-3

tpLH

tpHL

Propagation Delay

Any A or B to Any F

4.0

3.5

10.4

8.2

15.0

11.0

4.0

3.5

16.0

12.0
ns 2-3

tpi_H

tpHL

Propagation Delay 4.5

4.0

8.3

8.2

20.5

15.0

4.5

4.0

21.5

16.0
2-3

tpLH

tpHL

Propagation Delay

AjorBjtoCa

3.5

3.5

6.4

6.8

10.0

10.0

3.5

3.0

11.0

11.0
ns 2-3

tpLH

tpHL

Propagation Delay

AjOrBjtoP

2.5

3.5

7.2

6.5

10.5

9.5

2.5

3.5

11.5

10.5
2-3

tpLH Propagation Delay

SjtoCaorP

4.0

4.5

7.8

10.2

12.0

13.5
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National
Semiconductor

54F/74F382

4-Bit Arithmetic Logic Unit

General Description
The 'F382 performs three arithmetic and three logic opera

tions on two 4-bit words, A and B. Two additional Select

input codes force the Function outputs LOW or HIGH. An

Overflow output is provided for convenience in twos com

plement arithmetic. A Carry output is provided for ripple ex

pansion. For high-speed expansion using a Carry Look-

ahead Generator, refer to the 'F381 data sheet.

S

Features
■ Performs six arithmetic and logic functions

■ Selectable LOW (clear) and HIGH (preset) functions

■ LOW input loading minimizes drive requirements

■ Carry output for ripple expansion

■ Overflow output for twos complement arithmetic

Ordering Code: see section 5

Logic Symbols

IEEE/IEC

Connection Diagrams

Bo-

A,-

Bi-

A2-

B2-

X

—

i
3a

■5

p

Q

p

Q

P

0

P

0

ALU

H

(i)

(2)

(4)
BO/CO •—

BO/CO L-I
(1/2) BO

(8) SCO

Pin Assignment

forDIP,SOICandFlatpak

OVR

At-

B,-

Aq-

Bo-

Sq-

S1"
s2-

Fo-

F1"
GND-

1

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

Pin Assignment

for LCC and PCC

F0 h Si So Bq

go s no m h

-A3

-cn

-OVR

-h

I I I I I I I I
A, B, Aj Bj A3 B3

-r+-r
OVR
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Unit Loading/Fan Out: See Section 2 for U.L. definitions

Pin Names

A0-A3

B0-B3

So-S2

Cn

Cn + 4
OVR

F0-F3

Description

A Operand Inputs

B Operand Inputs

Function Select Inputs

Carry Input

Carry Output

Overflow Output

Function Outputs

54F/74F

U.L.

HIGH/LOW

1.0/3.0

1.0/3.0

1.0/1.0

1.0/4.0

50/33.3

50/33.3

50/33.3

Input I|H/Iil

Output Ioh/'ol

20jtiA/-1.8mA

20 jtA/-1.8 mA

20 juiA/- 0.6 mA

20 jaA/- 2.4 mA

-1 mA/20mA

-1 mA/20mA

-1 mA/20mA

Functional Description
Signals applied to the Select inputs S0-S2 determine the

mode of operation, as indicated in the Function Select Ta

ble. An extensive listing of input and output levels is shown

in the Truth Table. The circuit performs the arithmetic func

tions for either active HIGH or active LOW operands, with

output levels in the same convention. In the Subtract oper

ating modes, it is necessary to force a carry (HIGH for active

HIGH operands, LOW for active LOW operands) into the Cn

input of the least significant package. Ripple expansion is

illustrated in Figure 1. The overflow output OVR is the Exclu-

sive-OR of Cn + 3 and Cn + 4; a HIGH signal on OVR

indicates overflow in twos complement operation. Typical

delays for Figure 1 are given in Figure 2.

Function Select Table

Select

So

L

H

L

H

L

H

L

H

Si

L

L

H

H

L

L

H

H

S2

L

L

L

L

H

H

H

H

Operation

Clear

B Minus A

A Minus B

A Plus B

A8B

A + B

AB

Preset

H = HIGH Voltage Level

L = LOW Voltage Level

B<TB3 A4-A7 B4-B7 Aa-A^ Bq-B, ,

jfc V_ _t
A12"A15 B12"B15

SELECT

' COUT
- OVERFLOW

F0-F3 F4"F7 F8"F11

FIGURE 1.16-Bit Ripply Carry ALU Expansion

F12"F15

Path Segment

Aj or Bj to Cn + 4

CntoCn + 4
CntoCn + 4

CntoF

CntoCn + 4,OVR

Total Delay

Toward

F

6.5 ns

6.3 ns

6.3 ns

8.1ns

27.2 ns

Output

Cn + 4, OVR

6.5 ns

6.3 ns

6.3 ns

8.0 ns

27.1 ns

FIGURE 2.16-Bit Delay Tabulation
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Truth Table

Function

CLEAR

B MINUS A

A MINUS B

A PLUS B

A© B

A+ B

AB

PRESET

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

So

i
L

H

L

H

L

H

L

H

Si

i
L

L

H

H

L

L

H

H

S2

i
i_

L

L

L

H

H

H

H

Inputs

Cn

L

H

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

X

X

L

X

H

X

X

X

L

H

X

X

X

L

H

X

X

X

L

H

An

X

X

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

H

L

L

H

H

H

L

L

H

H

H

L

L

H

H

H

Bn

X

X

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

L

H

L

H

H

L

H

L

H

H

L

H

L

H

H

Fo

L

L

H

L

L

H

L

H

H

L

H

L

L

H

L

H

H

L

L

H

H

L

H

L

L

H

L

H

H

L

H

L

H

H

H

H

L

L

L

H

H

H

H

H

H

H

Fi

L

L

H

H

L

H

L

H

L

L

H

L

H

H

L

L

H

L

L

H

H

H

L

L

L

H

L

H

H

L

H

L

H

H

H

H

L

L

L

H

H

H

H

H

H

H

F2

L

L

H

H

L

H

L

H

L

L

H

L

H

H

L

L

H

L

L

H

H

H

L

L

L

H

L

H

H

L

H

L

H

H

H

H

L

L

L

H

H

H

H

H

H

H

Outputs

F3

L

L

H

H

L

H

L

H

L

L

H

L

H

H

L

L

H

L

L

H

H

H

L

L

L

H

L

H

H

L

H

L

H

H

H

H

L

L

L

H

H

H

H

H

H

H

OVR

H

H

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

H

H

L

L

L

L

H

H

L

H

L

H

L

L

L

L

H

Cn + 4

H

H

L

H

L

L

H

H

L

H

L

L

H

L

H

L

H

H

L

L

L

H

L

H

H

H

L

L

L

H

H

L

L

L

L

H

H

L

H

L

H

L

L

L

L

H
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Logic Diagram

TL/F/9529-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature - 65°C to +150°C

Ambient Temperature under Bias -55°C to +125°C

Junction Temperature under Bias — 55°C to +175°C

VCc Pin Potential to

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with Vcc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note t. Either voltage limit or current limit is sufficient to protect inputs.

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

Ibvi

IlL

IOZH

'OZL

los

ICEX

Ice

Parameter

Input HIGH Voltage

Input LOWVoltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

> over Operating Temperature Range unless otherwise specified

Min

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-1.8

-2.4

50

-50

-150

250

54 81

Units

V

V

V

V

V

jaA

mA

yA

ftA

mA

I*A

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N =

«OH =

Ioh =

Ioh =

"OL =

IOL =

V|N =

V|N =

V|N =

V|N =

V|N =

VOUT

VOUT

VOUT

VOUT

-18mA

-1 mA

-1 mA

-1 mA

20 mA

20 mA

2.7V

7.0V

0.5V (S0-S2)

0.5V (A0-A3, B0-B3)

0.5V(Cn,Cn+4)

= 2.7V

= 0.5V

= 0V

= vcc

4-299



AC Electrical Characteristics: see section 2 for u.l. definitions

Symbol

tpLH

tpHL

tPLH

tpHL

tPLH

tpHL

tPLH

tpHL

tPLH

tpHL

tpLH

tpHL

tPLH

tpHL

tPLH

tpHL

Parameter

Propagation Delay

CntoF|

Propagation Delay

Any A or B to Any F

Propagation Delay

SstoFj

Propagation Delay

AiorBitoCn + 4

Propagation Delay

Sj to OVR or Cn + 4

Propagation Delay

CntoCn + 4

Propagation Delay

CntoOVR

Propagation Delay

Aj or Bj to OVR

74F

TA=+25-C

VCc = +5.0V

CL = 50pF

Mln Typ Max

3.0 8.1 12.0

2.5 5.7 8.0

4.0 10.4 15.0

3.0 8.2 11.0

6.5 11.0 20.5

4.0 8.2 15.0

3.5 6.0 8.5

3.5 6.5 9.0

7.0 12.5 16.5

5.0 9.0 12.0

2.5 5.6 8.0

3.5 6.3 9.0

3.5 8.0 11.0

2.5 7.1 10.0

7.0 11.5 15.5

3.0 8.0 10.5

54F

TA,Vcc = MII

CL = 50 pF

Mln Max

74F

Ta, VCc = Com

CL = 50 pF

Mln Max

3.0 13.0

2.5 9.0

3.5 17.0

2.5 12.0

5.5 21.5

4.0 17.5

3.5 11.0

3.5 10.5

7.0 17.5

5.0 14.5

2.0 9.0

2.0 10.0

3.5 13.0

2.5 11.0

7.0 16.5

3.0 11.5

Units

ns

ns

ns

ns

ns

ns

ns

ns

No

2-4

2-4

2-4

2-4

2-4

2-4

2-4

2-4
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54F/74F385

Quad Serial Adder/Subtractor

CO

s

General Description
The 'F385 contains four serial adder/subtractors with com

mon clock and clear inputs, but independent operand and

mode select inputs. Each adder/subtractor contains a sum

flip-flop and a carry-save flip-flop for synchronous opera

tions. Each circuit performs either A plus B or A minus B in

twos complement notation, but can also be used for magni

tude-only or ones complement operation. The 'F385 is de

signed for use with the 'F384 and 'F784 serial multipliers in

implementing digital filters or butterfly networks in fast Fouri

er transforms.

Features
■ Four independent adder/subtractors

■ Twos complement arithmetic

■ Synchronous operation

■ Common clear and clock

■ Ones complement or magnitude-only capability

Ordering Code: see section 5

Logic Symbols

1 1 1 1 1 1 1 1 1

Connection Diagrams

a3-

b5-

A, B, S,

CP

MR

1

fefe

_

Z1

>c

p

Q

A2 B2 S2 A3 B3

I I

IEEE/IEC

1

S/P-Q

1-

3CO/3BO -
1-

-4(3CI/3BI) 1-

-20

-R

:S
-3S

S3

TL/F/9531-1

Z4-

h

h

Pin Assignment

for DIP, SOIC and Flatpak

CP-

F1~

S1-

B1"

A1"

A2-

B2-

s2-

F2-

GND-

1

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

Pin Assignment

for LCC and PCC

S2 B2 Aj A, B,

\E (T| GO GO El

mmki

-MR

O El IH E2l EE

B3 A3 A4 B4 S4
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Unit Loading/Fan Out: See Section 2 for U.L. definitions

Pin Names

A1-A4

B1-B4

S1-S4

CP

MR

F1-F4

Description

A Operand Inputs

B Operand Inputs

Function Select Inputs

Clock Pulse Input (Active Rising Edge)

Asynchronous Master Reset Input (Active LOW)

Sum or Difference Outputs

54F/74F

U.L

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

Input I|H/I|l

Output Iqh/Iol

20 fiA/-0.6 mA

20 fiA/-0.6 mA

20fiA/-0.6mA

20/iA/-0.6 mA

20 fiA/-0.6 mA

-1 mA/20mA

Functional Description
Each adder contains two edge-triggered flip-flops to store

the sum and carry, as shown in the Logic Diagram. Flip-flop

state changes occur on the rising edge of the Clock Pulse

(CP) input signal. The Select (S) input should be LOW for

the Add (A plus B) mode and HIGH for the Subtract (A mi

nus B) mode. A LOW signal on the asynchronous Master

Reset (MR) input clears the sum flip-flop and resets the

carry flip-flop to zero in the Add mode or presets it to one in

the Subtract mode.

Truth Table

In the Subtract mode, the B operand is internally comple

mented. Presetting the carry flip-flop to one completes the

twos complement transformation by adding one to "A plus

B" during the first (LSB) operation after MR is released. For

ones complement subtraction, the carry flip-flop can be set

to zero by making S LOW during the reset, then making S

HIGH after the reset but before the next clock.

MR

L

L

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

Inputs*

S

L

H

L

L

L

L

L

L

L

L

H

H

H

H

H

H

H

H

A

X

X

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

B

X

X

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

C

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

Internal

Carry

C1

L

H

L

L

L

H

L

H

H

H

L

H

L

L

H

H

L

H

Output*

F

L

L

L

H

H

L

H

L

L

H

H

L

L

H

L

H

H

L

Function

Clear

Add

Subtract

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

* = Inputs before CP transition, output after C

C-i = Carry flip-flop state before (C) and after (CO clock transition

4-302



Logic Diagram

cp_[>o—

Si

SUBTRACT

MR

MASTER

RESET

TO 3 OTHER

ADDER/SUBTRACTORS

v SUM
CP CLR

SET

° CARRY !!
° OR °

F1 SUM

-►

TO 3 OTHER

ADDER/SUBTRACTORS

TL/F/9531-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ Free Air Ambjent TemDerature

Distributors for availability and specifications. Military TemPerature _55OC tQ +^
Storage Temperature - 65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°Cto+175°C Military +4.5V to + 5.5V

Vcc pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

Ibvi

IlL

los

'CEX

•CCH

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% Vcc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

68 92*

68 92*

Units

V

V

V

V

V

IxA

mA

mA

MA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

hiM = -18 mA

Ioh = -1 mA

Ioh = -1 mA

IOh= -1mA

Iol = 20 mA

Iol = 20 mA

V,N = 2.7V

V|N = 7.0V

V,N = 0.5V

V0UT = 0V

V0UT = Vcc

V0 = HIGH

V0 = LOW

•95 mA for 54F
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpHL

Parameter

Maximum Clock Frequency

Propagation Delay

CPtoFn

Propagation Delay

MRtoFn

74F

TA= +25°C

VCc= +5.0V

CL=50pF

Min Typ Max

70 100

3.5 6.0 8.0

4.0 7.0 9.0

5.5 9.0 12.0

54F

TA,Vcc = MII

CL = 50pF

Min Max

65

3.0 10.0

3.5 11.0

5.0 14.0

74F

TA,VCc = Com

CL = 50 pF

Min Max

70

3.5 9.0

4.0 10.0

5.5 13.0

Units

MHz

ns

ns

Fig
No

2-1

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(U

ts(H)

ts(L)

th(H)

th(U

tw(H)

tw(L)

tw(L)

tree

Parameter

Setup Time, HIGH or LOW

AntoCP

Hold Time, HIGH or LOW

AntoCP

Setup Time, HIGH or LOW

BnorSntoCP

Hold Time, HIGH or LOW

BnorSntoCP

CP Pulse Width

HIGH or LOW

MR Width, LOW

Recovery Time, MR to CP

74F

TA= +25°C

VCc= +5.0V

Mln Max

15.0

15.0

0

0

15.0

15.0

0

0

6.0

6.0

6.0

8.5

54F

TA,Vcc = MII

Mln Max

17.5

17.5

0

0

17.5

17.5

0

0

7.0

7.0

6.5

10.0

74F

TA> VCC = Com

Mln Max

15.0

15.0

0

0

15.0

15.0

0

0

6.0

6.0

6.0

9.5

Units

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-4

2-4

2-6

3
Ol
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54F/74F395

4-Bit Cascadable Shift Register

with TRI-STATE® Outputs

ADVANCED INFORMATION

General Description
The 'F395 is a 4-bit Shift Register with serial and parallel

synchronous operating modes and four 3-state buffer out

puts. The shifting and loading operations are controlled by

the state of the Parallel Enable (PE) input. When PE is

HIGH, data is loaded from the Parallel Data inputs (D0-D3)

into the register synchronous with the HIGH-to-LOW tran

sition of the Clock input (CP). When PE is LOW, the data at

the Serial Data input (Ds) is loaded into the Qo flip-flop, and

the data in the register is shifted one bit to the right in the

direction (Q0-Q1-Q2-Q3) synchronous with the negative

clock transition. The PE and Data inputs are fully edge-trig

gered and must be stable only one setup prior to the HIGH-

to-LOW transition of the clock.

The Master Reset (MR) is an asynchronous Active LOW

input. When LOW, the MR overrides the clock and all other

inputs and clears the register.

The TRI-STATE output buffers are designed to drive heavily

loaded TRI-STATE buses or large capacitive loads. The Ac

tive LOW Output Enable (OE) controls all four TRI-STATE

buffers independent of the register operation. The data in

the register appears at the outputs when OE is LOW. The

outputs are in the high impedance (OFF) state, which

means they will neither drive nor load the bus when OE is

HIGH. The output from the last stage is brought out sepa

rately. This output (Qs) is tied to the Serial Data input (Ds) of

the next device for serial expansion applications. The Qs

output is not affected by the TRI-STATE buffer operation.

Features
■ 4-Bit parallel load shift register

■ Independent TRI-STATE buffer outputs

■ Separate Qs output for serial expansion

■ Asynchronous master reset

Logic Symbols Connection Diagrams

—

-0

-0

-0

PE

CP

OE

MR

1

D0

Qo

|
Di

Qi

1
D2

Q2

1
D3

Qs

Qs

I I I I

IEEE/IEC

Pin Assignment

forDIP.SOICandFlatpak

MR-

OE-

CP-

D«-

R SR64

EN4

Ml (LOAD)

M2 (SHIFT)

>C3/2-**

2,3D

1.3D

1.3D >

1.3D >

1.3D >

4V

4V

4V

4V

MR-

°S""

D0"

D1"

D2-

D3"

PE-

GND-

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

Pin Assignment

forLCCandPCC

D3 D2 NC Dl Do

GO [fl m QD [T]

-Qo

-Q1

-Q2

-Q3

-CP

-51

Qs Q3 NC Q2 Q1

Qo

Q2

—Q3

—Qs

TL/F/9532-5
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Mode Select-Function Tables

H = HIGH Voltage Level

L = LOW Voltage Level

qn = Lower case letters indicate the state of the referenced output one setup time prior to the HIGH-to-LOW Clock Transition

X = Immaterial

Z = High Impedance

"X. = HIGH-to-LOW transition

Register

Operating Modes

Reset (clear)

Shift Right

Parallel Load

TRI-STATE Buffer

Operating Modes

MR

L

H

H

H

H

Read

Disable Buffers

CP

X

01

L

L

H

H

Inputs

PE

X

L

L

H

H

Inputs

D8

X

L

H

X

X

Qn(Reglster)

L

H

L

H

Dn

X

X

X

L

H

Qo

L

L

H

L

H

Qo.C»1.C

L

H

Z

Z

Outputs

Qi

L

qo

qo

L

H

Q2

L

qi

L

H

Outputs

>2,Q3

Q3

L

;

L

H

Q8

L

H

L

H

Logic Diagram

DO

PEH>°Tct>
D1

QO Q2 Q3 Qs

TL/F/9532-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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54F/74F398 • 54F/74F399
Quad 2-Port Register

General Description
The 'F398 and T399 are the logical equivalents of a quad

2-input multiplexer feeding into four edge-triggered flip-

flops. A common Select input determines which of the two

4-bit words is accepted. The selected data enters the flip-

flops on the rising edge of the clock. The 'F399 is the 16-pin

version of the 'F398, with only the Q outputs of the fiip-flops

available.

Features
■ Select inputs from two data sources

■ Fully positive edge-triggered operation

■ Both true and complement outputs—'F398

Ordering Code: see section 5

Connection Diagrams

'F398

Pin Assignment

forLCCandPCC

Qb'ob'ib'ia'oa
m 13 bo m h

gnd 01:

cpei

G3 GU El E3 ED

>0c >1o 'id >0d Qd

TL/F/9533-5

'F399

'Ob 'ib NC ha 'oa
do h bo go h

'Oo «1c NC l1d lOa

Pin Assignment

for DIP, SOIC and Flatpak

s-

GND-

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

-'id

-he

-«oc

-CP

S-

Qa—

'Oa*-
l1a-

llb-

'ob-

Qb"
GND-

V.

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-Vcc

-'od

-'id

-'0c

-CP
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Logic Symbols

'F398

I I I I I I I I

CP

'Oa

Qa

ha

Qa

'Ob

Qb

hb

Qb

>Oe

Qc

he

Qc

>Od

Qd

hd

Qd

'F399

I I I I

s

CP

1
'Oa'

Qa

| 1

a >Ob h

Qb

1

b'Oc

Qc

I
he

|
'Od

Qd

I
hd

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

S

CP

loa-'od

ha-Hd

Qa-Qd

5a-Qd

Description

Common Select Input

Clock Pulse Input (Active Rising Edge)

Data Inputs from Source 0

Data Inputs from Source 1

Register True Outputs

Register Complementary Outputs ('F398)

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

50/33.3

Input I|H/Iil

Output Ioh/'ol

20ju,A/-0.6mA

20 /xA/- 0.6 mA

20 fiA/-0.6 mA

20 jj,A/- 0.6 mA

-1 mA/20mA

-1 mA/20mA

s—

CP

loa—

lob—

hb—

he

'Od—

hd—

s—

CP

ha

!"-
hc—

'od—

hd—

IEEE/IEC

'F398

G1

>C2

T.2D

1.2D

G1

>C2

3

T.2D

1.2D

MUX

r

'F399

MUX

r

—Qa

—Qb

—Qc

—Qd

Qa

—Qb

—Qc
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Functional Description
The 'F398 and 'F399 are high-speed quad 2-port registers.

They select four bits of data from either of two sources

(Ports) under control of a common Select input (S). The

selected data is transferred to a 4-bit output register syn

chronous with the LOW-to-HIGH transition of the Clock in

put (CP). The 4-bit D-type output register is fully edge-trig

gered. The Data inputs (lox. hx) and Select input (S) must be

stable only a setup time prior to and hold time after the

LOW-to-HIGH transition of the Clock input for predictable

operation. The 'F398 has both Q and 5 outputs.

Function Table

Inputs

S l0 li

1 1 X

1 h X

h X 1

h X h

Outputs

Q Q*

L H

H L

L H

H L

H = HIGH Voltage Level

L = LOW Voltage Level

h = HIGH Voltage Level one setup time prior to the LOW-to-HIGH clock

transition

I = LOW Voltage Level one setup time prior to the LOW-to-HIGH clock

transition

X = Immaterial

♦'F398 only

Logic Diagram

■v

CP

TL/F/9533-9

••F398 Only

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

D.8tr.buton»foravaBabH«yandspoc.flea«on3.

Storage Temperature -65°C to +150°C

Ambient Temperature under Bias - 55°C to +125°C

Junction Temperature under Bias -55°C to +175°C

Vqc Pin Potential to

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Recommended Operating

Conditions

Commercial

Supply Voltage

Military

Commercial

0°C to + 70°C

+4.5V to

+ 4.5V to

+ 5.5V

+ 5.5V

Symbol

V|H

V|L

VCD

V0H

V0L

||H

'bvi

IlL

'OS

'CEX

'cch

'ccl

'CCH

'CCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F5%VCc

Output LOW 54F10% Vcc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current ('F398)

Power Supply Current ('F398)

Power Supply Current ('F399)

Power Supply Current ('F399)

Min

2.0

2.5

2.5

2.7

-60

54F/74F

Typ

25

25

22

22

Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-150

250

38

38

34

34

Units

V

V

V

V

V

jtiA

,A

mA

mA

fiA

mA

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'lN =

»OH =

•oh =

'OH =

'OL =

'OL =

V|N =

V|N =

V|N =

VOUT

VOUT

vo =

vo =

vo =

vo =

-18 mA

-1mA

20 mA

20 mA

2.7V

7.0V

0.5V

= 0V

= vcc

HIGH

LOW

HIGH

LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

Parameter

Input Clock Frequency

Propagation Delay

CPtoQorQ

74F

TA = +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

100 140

3.0* 5.7 7.5

3.0 6.8 9.0

54F

TA,VCC = Mil

CL = 50 pF

Min Max

80

3.0 9.5

3.0 11.5

74F

TA, VCc = Com

CL = 50 pF

Min Max

100

3.0 8.5

3.0 10.0

Units

MHz

ns

Fig
No

2-1

2-3

•T398 3.3 ns

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(D

ts(H)

ts(L)

ts(H)

ts(L)

th(H)

th(D

tw(H)

tw(L)

Parameter

Setup Time, HIGH or LOW

lntoCP

Hold Time, HIGH or LOW

IntoCP

Setup Time, HIGH or LOW

StoCP('F398)

Setup Time, HIGH or LOW

StoCP('F399)

Hold Time, HIGH or LOW

StoCP

CP Pulse Width

HIGH or LOW

74F

TA= +25°C

VCc= +5.0V

Min Max

3.0

3.0

1.0

1.0

7.5

7.5

7.5

7.5

0

0

4.0

5.0

54F

TA,Vcc = MII

Min Max

4.5

4.5

1.5

1.5

10.5

10.5

9.5

9.5

0

0

4.0

7.0

74F

TA, Vqc = Com

Min Max

3.0

3.0

1.0

1.0

8.5

8.5

8.5

8.5

0

0

4.0

5.0

Units

ns

ns

ns

Fig

No

2-6

2-6

2-4
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54F/74F401

CRC Generator/Checker

General Description
The 'F401 Cycle Redundancy Check (CRC) Generator/

Checker provides an advanced tool for implementing the

most widely used error detection scheme in serial digital

data handling systems. A 3-bit control input selects one-of-

eight generator polynomials. The list of polynomials in

cludes CRC-16 and CRC-CCITT as well as their reciprocals

(reverse polynomials). Automatic right justification is incor

porated for polynomials of degree less than 16. Separate

clear and preset inputs are provided for floppy disk and oth

er applications. The Error output indicates whether or not a

transmission error has occurred. Another control input inhib

its feedback during check word transmission. The 'F401 is

fully compatible with all TTL families.

Features
■ Eight selectable polynomials

■ Error indicator

■ Separate preset and clear controls

■ Automatic right justification

■ Fully compatible with all TTL logic families

■ 14-pin package

■ 9401 equivalent

■ Typical applications:

Floppy and other disk storage systems

Digital cassette and cartridge systems

Data communication systems

Ordering Code: see section 5

Logic Symbol Connection Diagrams

—

—

—

-0

-0

So

Si

h
CP

CWE

P

MR

1
D

Q

ER

Pin Assignment

forDIP,SOICandFlatpak

CP-

p-

s0-

UR-

s,-

NC-

ND-

2

S

4

5

6

7

14

13

12

11

10

9

8

Pin Assignment

for LCC and PCC

S1 NC MR NC Sq

GO 0 DO [5] GO

-ER

-Q

-D

-CWE

-NC

-s2

CWENC D NC Q

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

so-s2

D

CP

CWE

P

MR

Q

ER

Description

Polynomial Select Inputs

Data Input

Clock Input (Operates on HIGH-to-LOW Transition)

Check Word Enable Input

Preset (Active LOW) Input

Master Reset (Active HIGH) Input

Data Output

Error Output

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

50/33.3

Input I,h/Iil

Output Ioh/Iol

20 jiA/- 0.6 mA

20jmA/-0.6mA

20/utA/-0.6mA

20/mA/-0.6mA

20/xA/-0.6 mA

20 juiA/-0.6 mA

-1 mA/20mA

-1 mA/20mA
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Functional Description
The T401 is a 16-bit programmable device which operates

on serial data streams and provides a means of detecting

transmission errors. Cyclic encoding and decoding schemes

for error detection are based on polynomial manipulation in

modulo arithmetic. For encoding, the data stream (message

polynomial) is divided by a selected polynomial. This divi

sion results in a remainder which is appended to the mes

sage as check bits. For error checking, the bit stream con

taining both data and check bits is divided by the same se

lected polynomial. If there are no detectable errors, this divi

sion results in a zero remainder. Although it is possible to

choose many generating polynomials of a given degree,

standards exist that specify a small number of useful poly

nomials. The 'F401 implements the polynomials listed in Ta

ble I by applying the appropriate logic levels to the select

pins So, S-| and S2.

The 'F401 consists of a 16-bit register, a Read Only Memory

(ROM) and associated control circuitry as shown in the

block diagram. The polynomial control code presented at

inputs Sq, Si and S2 is decoded by the ROM, selecting the

desired polynomial by establishing shift mode operation on

the register with Exclusive OR gates at appropriate inputs.

To generate the check bits, the data stream is entered via

the Data inputs (D), using the HIQH-to-LOW transition of the

Clock input (CP). This data is gated with the most significant

output (Q) of the register, and controls the Exclusive OR

gates (Figure 1). The Check Word Enable (CWE) must be

held HIGH while the data is being entered. After the last

data bit is entered, the CWE is brought LOW and the check

bits are shifted out of the register and appended to the data

bits using external gating (Figure 2).

To check an incoming message for errors, both the data

and check bits are entered through the D input with the

CWE input held HIGH. The 'F401 is not in the data path, but

only monitors the message. The Error Output becomes valid

after the last check bit has been entered into the 'F401 by a

HIGH-to-LOW transition of €P. If no detectable errors have

occurred during the data transmission, the resultant internal

register bits are all LOW and the Error Output (ER) is LOW.

If a detectable error has occurred, ER is HIGH.

A HIGH on the Master Reset input (MR) asynchronously

clears the register. A LOW on the Preset input (P) asynchro

nously sets the entire register if the control code inputs

specify a 16-bit polynomial; in the case of 12- or 8-bit check

polynomials only the most significant 12 or 8 register bits

are set and the remaining bits are cleared.

TABLE I

Select Code

So

Polynomial Remarks

L

L

L

L

H

H

H

H

L

L

H

H

L

L

H

H

L

H

L

H

L

H

L

H

X16 + X15 + X2+ 1

X16 + X14 + X + 1

X16 + X15 + X13 + X7 + X4 + X2 + X1 + 1

X12 + X11 +X3 + X2 + X+ 1

X8 + X7 + X5 + X4 + X + 1

X8+ 1

X16 + X12 + X5 + 1

X16 + X11 +X4+ 1

CRC-16

CRC-16 REVERSE

CRC-12

LRC-8

CROCCITT

CRC-CCITT REVERSE

Block Diagram

DATA

OUTPUT

MASTER

RESET

ERROR
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■H>«—»
CP-

CWE-

D Q

TO'
0 Q

^

D Q

14

o so

CP

FIGURE 1. Equivalent Circuit for X16 + X« + X2 +

CHECK WORD -

ENABLE

(NOTE 1 AND 3) ■

DATA

NOTE 2

CLOCK-

CRC

.. GENERATOR/

1
NOTE 2

FIGURE 2. Check Word Generation

Note 1: Check word Enable is HIGH while data is being clocked, LOW while transmission of check bits.

Note 2: T401 must be reset or preset before each computation.

Note 3: CRC check bits are generated and appended to data bits.

DATA PLUS

CHECK BITS

4-315



Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ cr^AirAmki^T^mno™*,™

Distributors for availably and specifications. ^t Temperature _55,c t0 +125.c
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

'bvi

•iL

los

'CEX

•CCH

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F5%VCc

Output LOW 54F10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

70 105

Units

V

V

V

V

V

tiA

lx/K

mA

mA

M.A

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

•in = —18 mA

•oh = ~1 mA

Ioh = -1 mA

IOH= "1mA

•ol = 20 mA

•ol = 20 mA

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 0V

VoUT = Vcc

V0 = HIGH
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpHL

tpLH

tpHL

tpLH

tpLH

tpHL

Parameter

Maximum Clock Frequency

Propagation Delay

CPtoQ

Propagation Delay

MRtoQ

Propagation Delay

PtoQ

Propagation Delay

MR to ER

Propagation Delay

PtoER

Propagation Delay

CPtoER

74F

TA= +25X

Vcc= +5.0V

CL = 50 pF

Min Typ Max

100

4.5 11.5

4.0 10.0

3.0 7.5

3.0 8.5

3.5 11.0

3.0 8.5

5.0 13.0

4.5 11.5

54F

Ta,vcc = mii

CL = 50 pF

Min Max

74F

TA, VCc = Com

CL = 50 pF

Min Max

85

4.5 13.5

4.0 11.0

3.0 8.0

3.0 9.5

3.5 12.0

3.0 10.0

5.0 14.5

4.5 12.5

Units

MHz

ns

ns

ns

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-3

2-3

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

ts(H)

ts(L)

th(H)

th(U

tw(L)

tw(H)

tw(L)

UH)

W

tree

Parameter

Set-up Time, HIGH or LOW

DtoCP

Set-up Time, HIGH or LOW

CWEtoCP

Hold Time, HIGH or LOW

D and CWEtoCP

P Pulse Width, LOW

Clock Pulse Width,

HIGH or LOW

MR Pulse Width, HIGH

Recovery Time

MRtoCP

Recovery Time

PtoCP

74F

TA= +25°C

VCc= +5.0V

Min Max

5.0

5.0

4.0

4.0

2.0

2.0

7.0

5.0

5.0

5.0

4.0

2.0

54F

TA,Vcc = MII

Min Max

74F

TA,VCc = Com

Min Max

5.5

5.5

4.5

4.5

2.0

2.0

8.0

6.0

6.0

5.5

4.5

2.0

Units

ns

ns

ns

ns

ns

ns

Fig

No

2-6

2-4

2-4

2-4

2-6

2-6
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National

Semiconductor

54F/74F402 Serial Data Polynomial

Generator/Checker

General Description
The 'F402 expandable Serial Data Polynomial generator/

checker is an expandable version of the 'F401. It provides

an advanced tool for the implementation of the most widely

used error detection scheme in serial digital handling sys

tems. A 4-bit control input selects one-of-six generator poly

nomials. The list of polynomials includes CRC-16, CRC-

CCITT and Ethernet®, as well as three other standard poly

nomials (56th order, 48th order, 32nd order). Individual clear

and preset inputs are provided for floppy disk and other

applications. The Error output indicates whether or not a

transmission error has occurred. The CWG Control input

inhibits feedback during check word transmission. The

'F402 is compatible with FAST® devices and with all TTL

families.

Features
■ Guaranteed 30 MHz data rate

■ Six selectable polynomials

■ Other polynomials available

■ Separate preset and clear controls

■ Expandable

■ Automatic right justification

■ Error output open collector

■ Typical applications:

Floppy and other disk storage systems

Digital cassette and cartridge systems

Data communication systems

Ordering Code: see section 5

Logic Symbol Connection Diagrams

—

—

—

—

-0

——

So

s2

CWG

CP

SEI

RFB

P

M

1
D

ER

D/CW RO

Pin Assignment

forDIP.SOICandFlatpak

1 r

CP-

P-

MR-

D-

CWG-

RFB-

SEI-

GND-

2

3

4

5

6

7

8

16

15

U

13

12

11

10

9

Pin Assignment

for LCC and PCC

RFB CWG KC D MR

GO DD H] [U fj]

-S3

-D/CW

-RO

-ER

D/CW S3 NC S2
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

S0-S3

CWG

D/CW

D

ER

RO

CP

SEI

RFB

MR

P

Description

Polynomial Select Inputs

Check Word Generate Input

Serial Data/Check Word

Data Input

Error Output

Register Output

Clock Pulse

Serial Expansion Input

Register Feedback

Master Reset

Preset

54F/74F

U.L

HIGH/LOW

1.0/0.67

1.0/0.67

285(100)/13.3(6.7)

1.0/0.67

V26.7(13.3)

285(100)/13.3(6.7)

1.0/0.67

1.0/0.67

1.0/0.67

1.0/0.67

1.0/0.67

Input I|H/I||_

Output Ioh/Iol

20 fiA/-0.4 mA

20 fiA/-0.4 mA

-5.7 mA(-2 mA)/8 mA (4 mA)

20 jmA/-0.4 mA

*/16mA(8mA)

-5.7 mA(-2 mA)/8 mA (4 mA)

20 fiA/-0.4 mA

20 juA/-0.4 mA

20 fiA/- 0.4 mA

20 jmA/-0.4 mA

20 ftA/-0.4 mA

•Open Collector

Functional Description
The 'F402 Serial Data Polynomial Generator/Checker is an

expandable 16-bit programmable device which operates on

serial data streams and provides a means of detecting

transmission errors. Cyclic encoding and decoding schemes

for error detection are based on polynomial manipulation in

modulo arithmetic. For encoding, the data stream (message

polynomial) is divided by a selected polynomial. This divi

sion results in a remainder (or residue) which is appended to

the message as check bits. For error checking, the bit

stream containing both data and check bits is divided by the

same selected polynomial. If there are no detectable errors,

this division results in a zero remainder. Although it is possi

ble to choose many generating polynomials of a given de

gree, standards exist that specify a small number of useful

polynomials. The 'F402 implements the polynomials listed in

Table I by applying the appropriate logic levels to the select

pins So, Si.SaandSa.

The 'F402 consists of a 16-bit register, a Read Only Memory

(ROM) and associated control circuitry as shown in the

Block Diagram. The polynomial control code presented at

inputs So, S-|, S2 and S3 is decoded by the ROM, selecting

the desired polynomial or part of a polynomial by establish

ing shift mode operation on the register with Exclusive OR

(XOR) gates at appropriate inputs. To generate the check

bits, the data stream is entered via the Data Inputs (D), us

ing the LOW-to-HIGH transition of the Clock Input (CP). This

data is gated with the most significant Register Output (RO)

via the Register Feedback Input (RFB), and controls the

XOR gates. The Check Word Generate (CWG) must be held

HIGH while the data is being entered. After the last data bit

is entered, the CWG is brought LOW and the check bits are

shifted out of the register(s) and appended to the data bits

(no external gating is needed).

To check an incoming message for errors, both the data

and check bits are entered through the D Input with the

CWG Input held HIGH. The Error Output becomes valid af

ter the last check bit has been entered into the 'F402 by a

LOW-to-HIGH transition of CP, with the exception of the

Ethernet polynomial (see Applications paragraph). If no de

tectable errors have occurred during the data transmission,

the resultant internal register bits are all LOW and the Error

Output (ER) is HIGH. If a detectable error has occurred, ER

is LOW. ER remains valid until the next LOW-to-HIGH tran

sition of CP or until the device has been preset or reset.

A HIGH on the Master Reset Input (MR) asynchronous^

clears the entire register. A LOW on the Preset Input (P)

asynchronousiy sets the entire register with the exception

of:

1 The Ethernet residue selection, in which the registers

containing the non-zero residue are cleared;

2 The 56th order polynomial, in which the 8 least significant

register bits of the least significant device are cleared;

and,

3 Register S=0, in which all bits are cleared.
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Hex

0

C

D

E

F

7

B

3

2

4

8

5

9

1

6

A

S3

L

H

H

H

H

L

H

L

L

L

H

L

H

L

L

H

Select Code

S2 Si

L

H

H

H

H

H

L

L

L

H

L

H

L

L

H

L

Block Diagram

L

L

L

H

H

H

H

H

H

L

L

L

L

L

H

H

TABLE 1

So

L

L

H

L

H

H

H

H

L

L

L

H

H

H

L

L

Polynomial

0

X32+ X26+ X23 + X22 + X16 +

X12+ X11+X10+ X8+ X7 + X5 + X4 + X2+X+1

X32+ X31+X27+ X26+ X25 + X19 + X16+

X15 + X13 + X12 +XH+X9+ X7 + X6+ X5 + X4+ X2+

X16+ X15+ X2+1

X16+ X12+ X5+1

X56+ X55+ X49+ X45 + X41 +

X39 + X38+ X37+ X36 + X31 +

X22+ X19+ X17+ X16 + X15 + X14 + X12+ X11+X9+

X5 +X+1

X48 + X36+ X35 +

X23 + X21 +

X15 + X13 + X8 + X2+1

X32+ X23+ X21 +

X11+X2+1

Polynomial ~—
Select

Ma

(

s0

J ROM
s2

S3

CONTROL

^ Reset 1 ^ \

Data

:heckword

Generate

Register Feedback—

Serial Input

MR P

D D/CW

CWG
16 BIT REGISTER

RFB

SEI RO
CP

ERR

DETE(

—Data/Checkword

—Register Output

OR ER
^OR ER ERROR

X+1

Remarks

S=0

Ethernet

Polynomial

Ethernet

Residue

CRC-16

CRC-CCITT

56th

Order

48th
Order

32nd

Order

TL/F/9535-5
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TABLE II

Select Code

0

c

D

E

F

7

B

3

2

4

8

5

9

1

6

A

P3

0

1

1

0

0

1

1

1

1

1

0

1

1

1

1

1

p2

0

1

1

0

0

1

1

(

I

)

1

1

Pi

0

1

1

0

0

1

1

1

1

1

1

1

1

1

1

1

Po

0

1

1

0

0

1

1

1

1

c2

1

1

1

0

0

1

1

Ci

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

Co

0

1

1

0

0

0

0

0

0

0

0

0

0

0

0

0

Polynomial

s=o

Ethernet

Polynomial

Ethernet

Residue

CRC-16

CRC-CCITT

56th

Order

48th

Order

32nd

Order

Applications
In addition to polynomial selection there are four other ca

pabilities provided for in the 'F402 ROM. The first is set or

clear selectability. The sixteen internal registers have the

capability to be either set or cleared when P is brought

LOW. This set or clear capability is done in four groups of 4

(see Table II, P0-P3). The second ROM capability (Co) is in

determining the polarity of the check word. As is the case

with the Ethernet polynomial the check word can be invert

ed when it is appended to the data stream or as is the case

with the other polynomials, the residue is appended with no

inversion. Thirdly, the ROM contains a bit (C-t) which is used

to select the RFB input instead of the SEI input to be fed

into the LSB. This is used when the polynomial selected is

actually a residue (least significant) stored in the ROM

which indicates whether the selected location is a polynomi

al or a residue. If the latter, then it inhibits the RFB input.

As mentioned previously, upon a successful data transmis

sion, the CRC register has a zero residue. There is an ex

ception to this, however, with respect to the Ethernet poly

nomial. This polynomial, upon a successful data transmis

sion, has a non-zero residue in the CRC register (C7 04 DD

7B)16. In order to provide a no-error indication, two ROM

locations have been preloaded with the residue so that by

selecting these locations and clocking the device one addi

tional time, after the last check bit has been entered, will

result in zeroing the CRC register. In this manner a no-error

indication is achieved.

With the present mix of polynomials, the largest is 56th or

der requiring four devices while the smallest is 16th order

requiring just one device. In order to accommodate multi

plexing between high order polynomials (X 16th order) and

lower order polynomials, a location of all zeros is provided.

This allows the user to choose a lower order polynomial

even if the system is configured for a higher order one.

The 'F402 expandable CRC generator checker contains 6

popular CRC polynomials, 2-16th Order, 2-32™* Order, 1-

48th Order and 1-56th Order. The application diagram

shows the 'F402 connected for a 56th order polynomial.

Also shown are the input patterns for other polynomials.

When the 'F402 is used with a gated clock, disabling the

clock in a HIGH state will ensure no erroneous clocking

occurs when the clock is re-enabled. Preset and Master Re

set are asynchronous inputs presetting the register to S or

clearing to 1s respectively (note Ethernet residue and 56th

Order select code 8, LSB, are exceptions to this).

To generate a CRC, the pattern for the selected polynomial

is applied to the S inputs, the register is preset or cleared as

required, clock is enabled, CWG is set HIGH, data is applied

to D input, output data is on D/CW. When the last data bit

has been entered, CWG is set LOW and the register is

clocked for n bits (where n is the order of the polynomial).

The clock may now be stopped if desired (holding CWG

LOW and clocking the register will output zeros from D/CW

after the residue has been shifted out).

To check a CRC, the pattern for the selected polynomial is

applied to the S inputs, the register is preset or cleared as

required, clock is enabled, CWG is set HIGH, the data

stream including the CRC is applied to D input_When the

last bit of the CRC has been entered, the ER output is

checked: HIGH = error free data, LOW=corrupt data. The

clock may now be stopped if desired.

To implement polynomials of lower order than 56th, select

the number of packages required for the order of polynomial

and apply the pattern for the selected polynomial to the S

inputs (0000 on S inputs disables the package from the

feedback chain).
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Applications (Continued)

Data/CRC
Serial Data

Cloek

Error Output

Serial Data Out

56th Order

48th Order
32nd Order

Ethernet
Ethernet Residue

p-CRC-16

I i-CRC-CCITT
10 0 0 11

1 1 10 1 0

111110

0 0 110 1

0 10 110 0

1 0 10 10 0

0 0 0 110 0

0 11110 0

0 10 0 0 0 0

0 0 0 0 0 0 0

1 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

1 0 0 0 0 0 0

Zero Register

Initialize Register
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c^AirAmw^T^n-r^™

Distributor, for aval.ab.Hty and speCf.cat.ons. M%tory TemP6ratUre _55.Ct0 + 125.C
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias — 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vqc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) - 0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to Vcc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated Iol (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

■bvi

IlL

"OS

'CEX

lOHC

ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%Vcc

74F5%VCc

Output LOW 54F 10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCC

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Open Collector, Output

OFF Leakage Test

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.4

2.4

2.7

0.4

0.4

0.5

0.5

20

100

-0.4

-20 -130

250

250

110 165

Units

V

V

V

V

V

/*A

,iA

mA

mA

fiA

jtA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Min

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'lN = -18 mA

IOh= -2mA(R0,D/CW)

IOh= -5.7mA(RO,D/CW)

IOh= -5.7mA(RO,D/CW)

Iol = 4 mA (D/CW, RO)

IOL = 8 mA (ER)

Iol= 16mA(ER)

Iol = 8 mA (D/CW, RO)

V|N = 2.7V

V|N = 7.0V

Vin = 0.5V

V0UT = 0V (D/CW, RO)

Vout = Vcc (RO, d/cw)

VOUT = VCC(ER)
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpLH

tpHL

tpi_H

tpHL

tpLH

tpHL

tpLH

tpLH

tpLH

tpHL

tpHL

tpLH

*PLH

tpHL

tpLH

tpHL

tpLH

tpHL

Parameter

Maximum Clock Frequency

Propagation Delay

CPtoD/CW

Propagation Delay

CPtoRO

Propagation Delay

CPtoER

Propagation Delay

P to D/CW

Propagation Delay

PtoRO

Propagation Delay

PtoER

Propagation Delay

MR to D/CW

Propagation Delay

MR to RO

Propagation Delay

MRtoER

Propagation Delay

D to D/CW

Propagation Delay

CWG to D/CW

Propagation Delay

Sn to D/CW

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

30 45

8.5 15.0 19.0

10.5 18.0 23.0

8.0 13.5 17.0

8.0 14.0 18.0

15.5 26.0 33.0

8.5 14.5 18.5

11.0 18.5 23.5

11.5 19.5 24.5

9.5 16.0 20.5

10.0 17.0 21.5

10.5 18.0 23.0

11.0 19.0 24.0

9.0 15.5 19.5

16.5 28.0 35.5

6.0 10.5 13.5

7.5 12.0 16.0

6.5 11.0 14.0

7.0 12.0 15.5

11.5 19.5 24.5

9.5 16.0 20.0

54F

TA,Vcc = MII

CL = 50 pF

Min Max

30

7.5 26.5

9.5 26.5

7.0 26.0

7.0 22.5

14.0 38.5

7.5 23.5

10.0 31.0

10.5 32.0

8.5 31.5

9.0 26.0

9.5 29.0

10.0 28.5

8.0 23.5

14.5 39.0

5.0 19.5

6.5 20.0

5.5 21.5

6.0 21.5

9.0 29.0

8.5 25.0

74F

Ta. VCc = Com

CL = 50 pF

Min Max

30

7.5 21.0

9.5 25.0

7.0 .19.0

7.0 20.0

14.0 35.0

7.5 20.5

10.0 25.5

10.5 26.5

8.5 22.5

9.0 23.5

9.5 25.5

10.0 26.0

8.0 21.5

14.5 37.5

5.0 15.0

6.5 18.0

5.5 15.5

6.0 17.5

10.5 26.5

8.5 22.0

Units

MHz

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3
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AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(U

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(D

th(H)

th(L)

ts(H)

ts(L)

th(H)

th(U

ts(H)

ts(L)

th(H)

th(L)

tw(H)

tw(U

tw(H)

UL)

tree

tree

Parameter

Setup Time, HIGH or LOW

SEItoCP

Hold Time, HIGH or LOW

SEItoCP

Setup Time, HIGH or LOW

RFBtoCP

Hold Time, HIGH or LOW

RFBtoCP

Setup Time, HIGH or LOW

S! to CP

Hold Time, HIGH or LOW

Si to CP

Setup Time, HIGH or LOW

DtoCP

Hold Time, HIGH or LOW

DtoCP

Setup Time, HIGH or LOW

CWG to CP

Hold Time, HIGH or LOW

CWGtoCP

Clock Pulse Width

HIGH or LOW

MR Pulse Width, HIGH

P Pulse Width, LOW

Recovery Time

MRtoCP

Recovery Time

PtoCP

74F

TA= +25°C

VCc= +5.0V

Mln Max

4.5

4.5

0

0

11.0

11.0

0

0

13.5

13.0

0

0

9.0

9.0

0

0

7.0

5.5

0

0

4.0

4.0

4.0

4.0

3.0

5.0

54F

TA,VCC = M»

Min Max

6.0

6.0

1.0

1.0

14.0

14.0

0

0

16.0

15.5

0

0

11.5

11.5

0

0

9.0

8.0

0

0

7.0

5.0

7.0

5.0

4.0

6.5

74F

TAt VCC = Com

Min Max

5.0

5.0

0

0

12.5

12.5

0

0

15.0

14.5

0

0

10.0

10.0

0

0

8.0

6.5

0

0

4.5

4.5

4.5

4.5

3.5

6.0

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-6

2-6

2-6

2-4

2-4

2-4

2-6
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National
Semiconductor

54F/74F403

First-ln First-Out (FIFO) Buffer Memory

General Description
The 'F403 is an expandable fall-through type high-speed

First-ln First-Out (FIFO) Buffer Memory optimized for high

speed disk or tape controllers and communication buffer

applications. It is organized as 16-words by 4-bits and may

be expanded to any number of words or any number of bits

in multiples of four. Data may be entered or extracted asyn-

chronously in serial or parallel, allowing economical imple

mentation of buffer memories.

The 'F403 has TRI-STATE® outputs which provide added

versatility and is fully compatible with all TTL families.

Features
■ Serial or parallel input

■ Serial or parallel output

■ Expandable without external logic

■ TRI-STATE outputs

■ Fully compatible with all TTL families

■ Slim 24-pin package

■ 9403 replacement

Ordering Code: see section 5

Connection Diagrams

Pin Assignment

forDIP,SOICandFlatpak

IRF—

PL-

Do-

Dt-

D2-

D3~

DS~
CPSI-

IE5-

ffs-

MR-

GND-

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

-ORE

-Qs

-Qt

-Q2

-61

-CPSO

-OES

-TOS

-TOP

Pin Assignment

forLCCandPCC

lIS CPSI Ds NC D3 D2 D1

□3 m m \w\ [3

CPSO OE Q3 NC Q2 0} Q
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Logic Symbol

——

-o

-o

-o

-o

-0

-0

-o

-o

PL

TTS

IES

CPSI

TOP

TOS

OES

CPSO

OE

MR

1 1 1
Dj 0, 1

Q3 Q2 Q

>2 Di D0

IRF

ORE

i Qo Qs

I I I I I

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

D0-D3

Ds
PL

CPSI

IES

TTS

Oe§

TOS

TOP

MR

CP§O

Q0-Q3

Qs
IRF

Ore

Description

Parallel Data Inputs

Serial Data Input

Parallel Load Input

Serial Input Clock

Serial Input Enable

Transfer to Stack Input

Serial Output Enable

Transfer Out Serial

Transfer Out Parallel

Master Reset

Output Enable

Serial Output Clock

Parallel Data Outputs

Serial Data Output

Input Register Full

Output Register Empty

54F/74F

U.L

HIGH/LOW

1.0/0.667

1.0/0.667

1.0/0.667

1.0/0.667

1.0/0.667

1.0/0.667

1.0/0.667

1.0/0.667

1.0/0.667

1.0/0.667

1.0/0.667

1.0/0.667

285/26.7

285/26.7

20/13.3

20/13.3

input I|H/Iil

Output Ioh/'ol

20 jxA/400 fiA

20 jutA/400 /aA

20 fiA/400 jaA

20 juiA/400 jaA

20 juiA/400 /iA

20 jiA/400 juiA

20 jaA/400 juA

20 jaA/400 /iA

20 jutA/400 /LtA

20 jiA/400 /ulA

20 fiA/400 fiA

20 fiA/400 ^tA

5.7 mA/16 mA

5.7mA/16mA

-400fi,A/8mA

-400/uiA/8mA
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Block Diagram

OE

Functional Description
As shown in the block diagram the 'F403 consists of three

sections:

1. An Input Register with parallel and serial data inputs as

well as control inputs and outputs for input handshaking

and expansion.

2. A 4-bit wide, 14-word deep fall-through stack with self-

contained control logic.

3. An Output Register with parallel and serial data outputs

as well as control inputs and outputs for output hand

shaking and expansion.

Since these three sections operate asynchronously and al

most independently, they will be described separately be

low.

INPUT REGISTER (DATA ENTRY)

The Input Register can receive data in either bit-serial or in

4-bit parallel form. It stores this data until it is sent to the fall-

through stack and generates the necessary status and con

trol signals.

Figure 7 is a conceptual logic diagram of the input section.

As described later, this 5-bit register is initialized by setting

the F3 flip-flop and resetting the other flip-flops. The Q out

put of the last flip-flop (FC) is brought out as the 'Input Reg

ister Full' output (IRF). After initialization this output is HIGH.

Parallel Entry—A HIGH on the PL input loads the D0-D3

inputs into the_Fo-F3 flip-flops and sets the FC flip-flop. This

forces the IRF output LOW indicating that the input register

is full. During parallel entry, the CP§I input must.be LOW. If

parallel expansion is not being implemented, IES must be

LOW to establish row mastership (see Expansion section).

Serial Entry—Data on the Ds input is serially entered into

the F3, F2, F1f Fo, FC shift register on each HIGH-to-LOW

transition of the CP§I clock input, provided IES and PL are

LOW.

After the fourth clock transition, the four data bits are locat

ed in the four flip-flops, F0-F3. The FC flip-flop is set, forc

ing the IRF output LOW and internally inhibiting CPSI clock

pulses from affecting the register, Figure 2 illustrates the

final positions in a 'F403 resulting from a 64-bit serial bit

train. Bo is the first bit, B63 the last bit.
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Functional Description (continued)

• INPUT DATA

PL

INPUT REG-** STACK

(PULSE DERIVED FROM TTS)

DATA INPUTS TO STACK -

FIGURE 1. Conceptual Input Section

D2

I I
INPUT

REGISTER

•F403

OUTPUT

REGISTER

i i i i r
Q3 Q2 Qi Qo Qs

TL/F/9536-6

FIGURE 2. Final Positions in a 'F403 Resulting from a

64-Bit Serial Train

Transfer to the Stack—The outputs of Flip-Flops F0-F3

feed the stack. A LOW level on the TTS input initiates a 'fall-

through* action. If the top location of the stack is empty,

data is loaded into the stack and the input register is re-ini

tialized. Note that this initialization is postponed until PL is

LOW again. Thus^ automatic FIFO action is achieved by

connecting the IRF output to the TTS input.

An RS Flip-Flop (the Request Initialization Flip-Flop shown

in Figure 10) in the control section records the fact that

data has been transferred to the stack. This prevents multi

ple entry of the same word into the stack despite the fact

the IRF and TTS may still be LOW. The Request Initializa

tion Flip-Flop is not cleared until PL goes LOW. Once in the

stack, data falls through the stack automatically, pausing

only when it is necessary to wait for an empty next location.

In the 'F403 as in most modern FIFO designs, the MR input

only initializes the stack control section and does not clear

the data.

OUTPUT REGISTER (DATA EXTRACTION)

The Output Register receives 4-bit data words from the bot

tom stack location, stores it and outputs data on a TRI-

STATE 4-bit parallel data bus or on a TRI-STATE serial data

bus. The output section generates and receives the neces

sary status and control signals. Figure 3 is a conceptual

logic diagram of the output section.
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Functional Description (continued)
• OUTPUT FROM STACK -

LOAD FROM STACK

FIGURE 3. Conceptual Output Section

Parallel Data Extraction—When the FIFO is empty after a

LOW pulse is applied to ME, the Output Register Empty

(ORE) output is LOW. After data has been entered into the

FIFO and has fallen through to the bottom stack location, it

is transferred into the Output Register provided the Trans

fer Out Parallel' (TOP) input is HIGH. As a result of the data

transfer ORE goes HIGH, indicating valid data on the data

outputs (provided the TRI-STATE buffer is enabled). TOP

can now be used to clock out the next word. When TOP

goes LOW, ORE will go LOW indicating that the output data

has been extracted, but the data itself remains on the output

bus until the next HIGH level at TOP permits the transfer of

the next word (if available) into the Output Register. During

parallel data extraction CP§0 should be LOW. TOS should
be grounded for single slice operation or connected to the

appropriate ORE for expanded operation (see Expansion

section).

TOP is not edge triggered. Therefore, if TOP goes HIGH

before data is available from the stack, but data does be

come available before TOP goes LOW again, that data will

be transferred into the Output Register. However, internal

control circuitry prevents the same data from being trans

ferred twice. If TOP goes HIGH and returns to LOW before

data is available from the stack, ORE remains LOW indicat

ing that there is no valid data at the outputs.

Serial Data Extraction—When the FIFO is empty after a

LOW pulse is applied to MR, the Output Register Empty

(ORE) output is LOW. After data has been entered into the

FIFO and has fallen through to the bottom stack location, it

is transferred into the Output Register provided TOS is LOW

and TOP is HIGH. As a result of the data transfer ORE goes

HIGH indicating valid data in the register. The TRI-STATE

Serial Data Output, Qs, is automatically enabled and puts

the first data bit on the output bus. Data is serially shifted

out on the HIGH-to-LOW transition of CPSO. To prevent

false shifting, CPSS should be LOW when the new word is

being loaded into the Output Register. The fourth transition

empties the shift register, forces ORE output LOW and dis

ables the serial output, Qs (refer to Figure 3). For serial

operation the ORE output may be tied to the TOS input,

requesting a new word from the stack as soon as the previ

ous one has been shifted out.
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Functional Description (continued)

EXPANSION

Vertical Expansion—The 'F403 may be vertically expand

ed to store more words without external parts. The intercon

nection is necessary to form a 46-word by 4-bit FIFO are

shown in Figure 4. Using the same technique, and FIFO of

(15n+1)-words by 4-bits can be constructed, where n is the

number of devices. Note that expansion does not sacrifice

any of the 'F403's flexibility for serial/parallel input and out

put.

MASTER

RESET

SERIAL DATA IN

SERIAL INPUT CLOCK

PARALLEL DATA IN

PARALLEL L „ „ „.

LOAD D3 D2 D1 D0

IRF

ORE

MR QsQ^QqQs

NC

PLDsDjD^Dq

TTS

IES

CPSI

OES

TOS

TOP

CPSO

OE

MR

T403

IRF

ORE

Q3Q2Q1Q0QS
1^

NC

TTS

IES

CPSI

OES

TOS

TOP

CPSO

OE

MR

PLDsDjD^Dq

T403

IRF

ORE

Q3Q2Q1Q0QS

DATA VALID

SERIAL

DATA

OUTPUT

FIGURE 4. A Vertical Expansion Scheme
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Functional Description (continued)
Horizontal and Vertical Expansion—The 'F403 can be ex

panded in both the horizontal and vertical directions without

any external parts and without sacrificing any of its FIFO's

flexibility for serial/parallel input and output. The intercon

nections necessary to form a 31-word by 16-bit FIFO are

shown in Figure 6. Using the same technique, any FIFO of

(15m+ 1)-words by (4n)-bits can be constructed, where m is

the number of devices in a column and n is the number of

devices in a row. Figures 7 and 8 show the timing diagrams

for serial data entry and extraction for the 31-word by 16-bit

FIFO shown in Figure 6. The final position of data after seri

al insertion of 496 bits into the FIFO array of Figure 6 is

shown in Figure 9.

Interlocking Circuitry—Most conventional FIFO designs

provide status signals analogous to IRF and ORE. However,

when these devices are operated in arrays, variations in unit

to unit operating speed require external gating to assure all

devices have completed an operation. The 'F403 incorpo

rates simple but effective 'master/slave' interlocking circuit

ry to eliminate the need for external gating.

In the 'F403 array of Figure 6 devices 1 and 5 are defined as

'row masters' and the other devices are slaves to the mas

ter in their row. No slave in a given row will initialize its Input

Register until it has received LOW on its IES input from a

row master or a slave of higher priority.

In a similar fashion, the ORE outputs of slaves will not go

HIGH until their OES inputs have gone HIGH. This interlock

ing scheme ensures that_new input data may be accepted

by the array when the IRF output of the final slave in that

row goes HIGH and that output data for the array may be

extracted when the ORE of the final slave in the output row

goes HIGH.

The row master is established by cojinecting its lES input to

ground while a slave receives its IES input from the IRF

output of the next higher priority device. When an array of

•F403 FIFOs initialized with a LOW on the MR inputs of all

devices, the IRF outputs of all devices will be HIGH. Thus,

only the row master receives a LOW on the IES input during

initialization. Figure 10 is a conceptual logic diagram of the

internal circuitry which determines master/slave operation.

Whenever PRjind IE§ are LOW, the Master Latch is set.
Whenever TTS goes LOW the Request Initialization Flip-

Flop will be set. If the Master Latch is HIGH, the Input Reg

ister will be immediately initialized and the Request Initializa

tion Flip-Flop reset. If the Master Latch is reset, the Input

Register is not initialized until IES goes LOW. In array opera

tion, activating the TTS initiates a ripple input register initiali

zation from the row master to the last slave.

A similar operation takes place for the output register. Either

a TOS or TOP input initiates a load-from-stack operation

and sets the ORE Request Flip-Flop. If the Master Latch is

set, the last Output Register Flip-Flop is set and ORE goes

HIGH. If the Master Latch is reset, the ORE output will be

LOW until an OES input is received.

PARALLEL DATA INPUT

D

■0

1-0

-o

0

4.

3°2D

p ^

1D0

M,

IES IRF

CPSI

OES T403

TOS

TOP

CPSO OR

OE

c

r i

o-

D

-0

0

4.

70

f y

6°

r ^

5D4

IES |R

CPSI

TOP

CPSO OR

OE

c 1

y r i r i p i

Lo

1—0

1°

>\\

p ^

9<

f y

h

IES IRF

CPSI

« T403

TOP

CPSO ORE

OE

I

0-

0
..DATA

READY

Q3Q2Q1Q0 Q7Q6Q5Q4
PARALLEL DATA OUTPUT -

Q11Q10Q9Q8.

FIGURE 5. A Horizontal Expansion Scheme

TL/F/9538-9
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Functional Description (continued)
s

PARALLEL DATA INPUT

D15DUD13D12

SERIAL DATA INPUT

MR

OUTPUT ENABLE

• Q3Q2Q1Q0 Q7Q6Q5Q4 Q11Q10Q9Q8
I PARALLEL DATA OUTPUT——

FIGURE 6. A 31 x 16 FIFO Array
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Functional Description

DEVICE 1

IRF |

DEVICE 2

IRF

DEVICE 3

IRF

DEVICE 4/TTS ALL DEVICES

.RF

"SS8 ° I 1 2 | 3

STORE IN

DEVICE 1

ctsoJ^JIJiJl

DEVICE 5

ORE [

DEVICE 6

ORE

DEVICE 7

ORE

DEVICE 8, TOS ALL DEVICES

ORE

SERIAL DATA OUTPUT

Qp I Qj Q? Q3

(Continued)

ruiru

6

rur

i

aru

9 | 10 |

in

i

11 | 12

JUUl

1

| 13 | 14 | 15

STORE IN STORE IN STORE IN

DEVICE 2 DEVICE 3 DEVICE 4

FIGURE 7. Serial Data Entry for Array of Figure 6

oiiruTJinjuiiiririn

Qo 1 Qi I Q2 I

i

Q3 | Qo |
1 1

Qi 1 Q2 1

|

h | Qo

r

-i

:

r

TL/F/9536-11

1 i

ii

i !

1 Qi I Q2 I Qj

DEVICES DEVICE 6 DEVICE 7 DEVICE 8

FIGURE 8. Serial Data Extraction for Array of Figure 6

TL/F/9536-12
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Functional Description (continued)

D3 D2 Dj Do D3 D2 Dt Do

B483B482B481B4B0

T403

T403

Q3 Q2 Qi Qo

B487B486B485B484

T403

T403

D2 D1 D0

B491B490B4B9B488

T403

T403

D3 D2 D, D0

B495B494B493B492

T403

T403

Q3 Q2 Qi Qo " Q3 Q2 Qi Qo " Q3 Q2

FIGURE 9. Final Position of a 496-Bit Serlai Input

Qs

SERIAL

OUTPUT

-►

MR

INPUT REG-*- STACK-

(DERIVED FROM TTS)

MASTER

LATCH

S C
REQUEST

INTIAUZATION

FUP-FLOP

R

LOAD OUTPUT (DERIVED FROM TOP AND TOS)
REGISTER ^™^™^™~^™"~

TOP-

TOS-

OES-

D Q

FC

(SEE FIGURE 1)

Q

C R

FX

(SEE FIGURE 2)

Q

R

FIGURE 10. Conceptual Diagram, Interlocking Circuitry

^INITIALIZE

* (SEE FIGURE 1)

TL/F/9536-14
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ - ^ A. a«,w««*t«w,«««i»..«»
D.str.butorsforavai.ab.l.tyandspec.f.cat.ons. Free ^Ambrcnt Temperature _^ +^

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCC Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to Vcc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

I|H

'bvi

"IL

IOZH

'OZL

los

>CEX

'CCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 54F10%VCc

74F10%VCc

74F10%V<x

74F5%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.5

2.4

2.4

2.5

2.5

2.7

2.7

0.4

0.4

0.5

0.5

20

100

-0.4

50

-50

-20 -130

250

170

Units

V

V

V

V

V

fiA

mA

,iA

mA

,iA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

IOh= -400|aA(IRF,ORE)

IOH= -2.0 mA (Qn, Q8)

IOH= -400jLtA(IRF,GRE)

IOH= -5.7mA(Qn,Qs)

IOH= -400julA(IRF,ORE)

IOH= -5.7mA(Qn,Q8)

lOL = 4mA(IRF,ORE)

l0L = 8mA(Qn,Qs)

Iol = 8 mA (IRF, ORE)

IOL=16mA(Qn,Qs)

V,N = 2.7V

V,N = 7.0V

V|N = 0.5V

V0UT = 2.7V

Vqut = 0.5V

V0UT = 0V

VOUT = Vcc

Vo = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpHL

tpLH

tpi_H

tpHL

*PLH

tpHL

tpHL

tpHL

tpLH

tpLH

tpHL

tpLH

Parameter

Propagation Delay,

Negative-Going

CPSl to IRF Output

Propagation Delay,

Negative-Going

TT§tolRF

Propagation Delay,

Negative-Going

CPSO to Qs Output

Propagation Delay,

Positive-Going

TOP to Outputs Q0-Q3

Propagation Delay,

Negative-Going

UPSQtoORE

Propagation Delay,

Negative-Going

TOP to ORE

Propagation Delay,

Positive-Going

TOPtoOTE

Propagation Delay,

Negative-Going

TD§ to Positive Going ORE

Propagation Delay,

Positive-Going

PL to Negative-Going IRF

Propagation Delay,

Negative-Going

PL to Positive-Going IRF

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

Mln Max

1.5 17.0

1.5 34.0

1.5 25.0

1.5 20.0

1.5 35.0

1.5 30.0

1.5 25.0

1.5 26.0

1.5 48.0

1.5 45.0

1.5 22.0

1.5 28.0

54F

TA,VCc = Mil

CL = 50pF

Mln Max

1.5 18.0

1.5 39.0

1.5 28.0

1.5 21.0

1.5 38.0

1.5 32.0

1.5 29.0

1.5 28.0

1.5 51.0

1.5 52.0

1.5 23.0

1.5 33.0

74F

Ta, Vqc = Com

CL = 50 pF

Min Max

1.5 18.0

1.5 38.0

1.5 27.0

1.5 21.0

1.5 38.0

1.5 32.0

1.5 28.0

1.5 28.0

1.5 51.0

1.5 50.0

1.5 23.0

1.5 31.0

Units

ns

ns

nsd

ns

ns

ns

ns

Fig
No

403-a, b

403-c, d

403-e

403-c, d

403-e

403-c, d

403-g, h

CO
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations (Continued)

Symbol

tpi_H

tpLH

tPLH

tpHL

tpZH

tpZL

tpHZ

tpLZ

tpZH

tpZL

tpHZ

tPLZ

tpZH

tpZL

tDFT

tAP

tAS

Parameter

Propagation Delay,

Positive-Going

OEStoORE

Propagation Delay,

Positive-Going

IES to Positive-Going IRF

Propagation Delay,

MRtolRF

Propagation Delay,

MR to ©RE

Propagation Delay,

OEtoQ0.Q1.Q2.Q3

Propagation Delay,

OEtoQ0.Q1.Q2.Q3

Propagation Delay,

Negative-Going

OE§toQs

Propagation Delay,

Negative-Going

OEStoQs

Turn On Time

TO5toQs

Fall Through Time

Parallel Appearance Time,

ORE to Q0-Q3

Serial Appearance Time,

OREtoQs

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min Max

1.5 38.0

1.5 25.0

1.5 26.0

1.5 28.0

1.0 16.0

1.0 14.0

1.0 10.0

1.0 19.0

1.0 10.0

1.0 14.0

1.0 10.0

1.0 14.0

1.5 35.0

1.5 35.0

245

-20.0 -2.0

-20.0 5.0

54F

Ta,vcc = mii

CL = 50 pF

Mln Max

1.5 44.0

1.5 29.0

1.5 31.0

1.5 31.0

1.0 18.0

1.0 16.0

1.0 13.0

1.0 24.0

1.0 12.0

1.0 15.0

1.0 12.0

1.0 16.0

1.5 42.0

1.5 42.0

280

-20.0 -2.0

-20.0 5.0

74F

Ta. VCc = Com

CL = 50 pF

Min Max

1.5 44.0

1.5 27.0

1.5 29.0

1.5 31.0

1.0 18.0

1.0 16.0

1.0 12.0

1.0 24.0

1.0 12.0

1.0 15.0

1.0 12.0

1.0 16.0

1.5 39.0

1.5 39.0

265

-20.0 -2.0

-20.0 5.0

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

403-h

403-f
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AC Operating Requirements: see section 2 tor waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

ts(L)

ts(L)

ts(U

ts(L)

ts(H)

ts(U

th(H)

th(D

tw(H)

tw(U

tw(H)

tw(U

tw(U

tw(H)

tw(L)

tw(H)

tw(L)

tree

Parameter

Set-up Time HIGH or LOW

Ds to Negative CPSi

Hold Time, HIGH or LOW

Ds to CPSI

Set-up Time, LOW

TTStolRF

Serial or Parallel Mode

Set-up Time, LOW

Negative-Going ORE to

Negative-Going TOS

Set-up Time, LOW

Negative-Going IES to CPSI

Set-up Time, LOW

Negative-Going TTS to CP§I

Set-up Time, HIGH or LOW

Parallel Inputs to PL

Hold Time, HIGH or LOW

Parallel Inputs to PL

CPSi Pulse Width

HIGH or LOW

PL Pulse Width, HIGH

TTS Pulse Width, LOW

Serial or Parallel Mode

MR Pulse Width, LOW

TOP Pulse Width

HIGH or LOW

CPSO Pulse Width

HIGH or LOW

Recovery Time

MR to Any Input

74F

TA= +25°C

VCc= +5.0V

Mln Max

7.0

7.0

2.0

2.0

0

0

7.0

22.0

0

0

4.0

4.0

9.0

5.0

7.0

7.0

7.0

12.0

7.0

9.0

7.0

8.0

54F

TA,Vcc=MII

Min Max

7.0

7.0

2.0

2.0

0

0

8.0

23.0

0

0

4.0

4.0

10.0

6.0

9.0

9.0

9.0

14.0

7.0

13.0

7.0

9.0

74F

Ta. Vcc = Com

Mln Max

7.0

7.0

2.0

2.0

0

0

8.0

23.0

0

0

4.0

4.0

10.0

6.0

9.0

9.0

9.0

14.0

7.0

12.0

7.0

9.0

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

403-a, b

403-a, b,

9,h

403-c, d

403-b

403-b

403-a, b

403-g, h

403-a, b,

c,d

403-f

403-e

403-c, d

403-f
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Timing Waveforms

Conditions: stack not full, US, PL LOW

TL/F/9538-15

FIGURE 403-a. Serial Input, Unexpanded or Master Operation

IES

CPSI

Conditions: stack not full, US HIGH when initiated, PL LOW

FIGURE 403-b. Serial Input, Expanded Slave Operation

TL/F/9536-16

ORE

TL/F/9536-17

Conditions: data in stack, TOP HIGH, IES LOW when initiated, 5E§ LOW

FIGURE 403-c. Serial Output, Unexpanded or Master Operation
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Timing Waveforms (continued)

OES

th =

-1.5V

1.5V

ORE

TOS

1.5V

*PLH

1.5V

Conditions: data in stack, TOP HIGH. Ti=§ HIGH when initiated

FIGURE 403-d. Serial Output, Slave Operation

TOP

ORE

^ —*w—

r

—»>

/

— tpLHh-

1/. _v

„ tpLH ,.

Q0-Q3 1-5V - NEW OUTPUT

TL/F/9536-19

Conditions: Ii§ LOW when initiated. QE. CPS5 LOW; data available In stack

FIGURE 403-e. Parallel Output, 4-Bit Word or Master in Parallel Expansion

MR

PL

-1.5V

1.5V

Q0-Q3

Conditions: TT§ connected to IRF. TSS connected to ORE. IE5. OI§. OE. CPSO LOW. TOP HIGH

FIGURE 403-f. Fall Through Time

jE5v
TL/F/9536-20
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Timing Waveforms (continued)

PL

D0-D3

IRF

(note 2)

-1.5V STABLE 1.5V

"*PLH"

1.5V

1.5V (note 3)

Conditions: stack not full, 1ES LOW when initialized

FIGURE 403-g. Parallel Load Mode, 4-Bit Word (Unexpanded) or Master in Parallel Expansion

PL

IES

IRF

1.5V STABLE

1.5V

TTS

fr

Conditions: stack not full, device initialized (Note 1) with 115 HIGH

FIGURE 403-h. Parallel Load, Slave Mode

Note 1: Initialization requires a master reset to occur after power has been applied.

Note 2: TTS normally connected to TRF.

Note 3: If stack is full. W will stay LOW.

TL/F/9536-22
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3

1

Semiconductor

54F/74F407

Data Access Register

General Description
The 'F407 Data Access Register (DAR) performs memory

address arithmetic for RAM resident stack applications. It

contains three 4-bit registers intended for Program Counter

(Ro), Stack Pointer (R^, and Operand Address (R2). The

'F407 implements 16 instructions which allow either pre- or

post-decrement/increment and register-to-register transfer

in a single clock cycle. It is expandable in 4-bit increments

and can operate at a 30 MHz microinstruction rate on a

16-bit word. The TRI-STATE® outputs are provided for bus-

oriented applications. The 'F407 is fully compatible with all

TTL families.

Features
■ High-speed—greater than a 30 MHz microinstruction

rate

Three 4-bit registers

16 instructions for register manipulation

Two separate output ports, one transparent

Relative addressing capability

TRI-STATE Outputs

Optional pre- or post- arithmetic

Expandable in multiples of four bits

24-pin slim package

9407 replacement

Ordering Code: see section 5

Logic Symbol

I I I 1 AAAA

Connection Diagrams

Pin Assignment

forDIP,SOICandFlatpak

Pin Assignment

for LCC and PCC

"0 h «2 '3 D2 D3

-OE00

CP

CO

x0 x, x2 x3 oo

I I I IYYYY

o3

EX-

"o-
|,-

«2-
l3—

«*-
CP-

x0-

X1~

x2-

X3-
GND-

1

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

b

-60

-62

-62

-D3

-63

-co
02 D2 6, NC D, 00 Do

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

D0-D3

I0-I3
Cl

CO

CP

EX

EQx
EOo

X0-X3

O0-O3

Description

Data Inputs (Active LOW)

Instruction Word Inputs

Carry Input (Active LOW)

Carry Output (Active LOW)

Clock Input (L-H Edge-Triggered)

Execute Input (Active LOW)

Address Output Enable Input (Active LOW)

Data Output Enable Input (Active LOW)

Address Outputs

Data Outputs (Active LOW)

54F/74F

U.L.

HIGH/LOW

20/

1.0/0.67

1.0/0.67

1.0/0.67

13.3(0.67)

1.0/0.67

1.0/0.67

1.0/0.67

1.0/0.67

284 (100)/26.7 (13.3)

284 (100)/26.7 (13.3)

Input I|H/Iil

Output Ioh/Iol

20 juiA/-0.4 mA

20 fxA/-0.4 mA

20 jitA/-0.4 mA

0.4 mA/8 mA (4 mA)

20 jmA/-0.4 mA

20 juiA/- 0.4 mA

20 jiA/- 0.4 mA

20 juA/- 0.4 mA

-5.7 mA (2 mA)/16 mA (8 mA)

-5.7 mA (2 mA)/16 mA (8 mA)
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Functional Description
The 'F407 contains a 4-bit slice of three Registers (R0-R2). the l0 instruction input is HIGH, the multiplexer routes the

a 4-bit Adder, a TRI-STATE Address Output Buffer (X0-X3) result from the Adder to the TRI-STATE Buffer controlling

and a separate Output Register with TRI-STATE buffers the address bus (X0-X3), independent of EX and CP. The

(Q0-O3), allowing output of the register contents on the 'F407 is organized as a 4-bit register slice. The active LOW

data bus (refer to the Block Diagram). The DAR performs Cl and CO lines allow ripple-carry expansion over longer

sixteen instructions, selected by I0-I3. as listed in the Func- word lengths,

tion Table. in a typical application, the register utilization in the DAR

The 'F407 operates on a single clock. CP and EX are inputs may be as follows: Ro is the Program Counter (PC), R1 is

to a 2-input, active LOW AND gate. For normal operation EX the Stack Pointer (SP) for memory resident stacks and R2

is brought LOW while CP is HIGH. A microcycle starts as the contains the operand address. For an instruction Fetch, PC

clock goes HIGH. Data inputs Do-D3 are applied to the can be gated on the X-Bus while it is being incremented

Adder as one of the operands. Three of the four instruction (i.e., D-Bus = 1). If the fetched instruction calls for an effec-

lines (I-H2-I3) select which of the three registers, if any, is tive address for execution, which is displaced from the PC,

to be used as the other operand. The LOW-to-HIGH CP the displacement can be added to the PC and loaded into

transition writes the result from the Adder into a register R2 during the next microcycle.

(R0-R2) and into the output register provided EX is LOW. If

Function Table

Instruction

I3

L

L

L

L

L

L

L

L

H

H

H

H

H

H

H

H

12

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

h

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

■o

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

Combinatorial Function

Available on the X-Bus

Ro
Ro Plus D Plus Cl

Ro
Ro Plus D Plus Cl

Ro
Ro Plus D Plus Cl

R1
Ri Plus D Plus Cl

R2

DPIusCI

Ro
DPIusCI

R2

R2 Plus DPIusCI

R1
DPIusCI

Sequential Function Occurring

on the Next Rising CP Edge

Ro Plus D Plus Cl —► Rq and O-Register

Ro Plus D Plus Cl —► R-j and O-Register

Ro Plus DPIusCI —► R2 and O-Register

Ri Plus D Plus Cl —> R1 and O-Register

DPIusCI -► R2 and O-Register

DPIusCI —► Ro and O-Register

R2 Plus D Plus Cl —► R2 and O-Register

D Plus Cl —► R1 and O-Register

H = HIGH Voltage Level

L = LOW Voltage Level
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Block Diagram

Dj 5j 6, Dq

-L
B3 Bj B, Bo A, Aj A,

S3 Sj S, So

t>

M8TRUCTI0N

DEJOOfitft ENCODER

J

Dj Dj 0, Do

ep 4-HT REG.

W ("0>
03 Qi Qi Qq

lL
Dj 0, 0,

y, 4-WTREO.

Q| Op

to

lI
D3 Dj

Q» Qi

T^

T±

QUAD

3-1NPUT

UUX

■iD >1C '18 >fA to <0C "08 \

S 2-NPUT MUX

Jo Zc ZB ZA

Oj 0j 6, 60 55 Xj Xj X, Xo

TL/F/9537-

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Timing Diagrams

IOX = LOW

IO"0 = LOW

LOW

CO

- 1.5V

*— c—*

1

* «PHL *
^

[ 1.5V

■1.5V

FIGURE 407-b

FIGURE 407-a

TL/F/9537-7

D0-D3

CLOCK

(NOTE 1)

60-63

X0-X3

CO

t.(L)

1.5V

1-5V

1.5 V

IO~X = LOW, lo = HIGH

M3

CO

: : 15V

: :1.5V

FIGURE 407-d

FIGURE 407-c

E5X =

J7-5

LOW, lo

CI

<

CO

= HIGH

1

*— c

FIGURE 407-e

—-

i

—-

■1.5V

-1.5V

TL/F/9537-6
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Absolute Maximum Ratings (Note d Rec<
If Military/Aerospace specified devices are required, Con

contact the National Semiconductor Sales Office/ _ A

Distributors for availability and specifications. M\fc

Storage Temperature —65°C to +150°C Com

Ambient Temperature under Bias - 55°C to +125°C Supply

Junction Temperature under Bias -55°C to +175°C Milite

Vcc Pin Potential to Com
Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to Vcc

TRI-STATE Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

Ibvi

IlL

'OZH

IOZL

los

'CEX

"ex

Parameter

Input HIGH Voltage

Input LOWVoltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%VCc

74F10%Vcc

74F10%VCc

74F 5% VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.5

2.4

2.4

2.4

2.4

2.4

2.7

0.5

0.5

0.5

0.5

20

100

-0.4

50

-50

-30 -100

250

90 145

Dmmended

ditions
r Ambient Temper

iry

mercial

Voltage

iry

mercial

Units

V

V

V

V

V

»A

MA

mA

fiA

juiA

mA

,*A

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

Operating

ature

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

IllM = —18 mA

IOH= -0.4 mA (CO)

IOH= -2mA(Xo-X3,Oo-53)
IOH= -0.4 mA (CO)

Ioh = -5.7mA(Xo-X3,Oo-53)

IOh= -0.4 mA (CO)

IOH= -5.7mA(X0-X3,Oo-03)

Iol = 4 mA (5O)

IOL = 8 mA (X0-X3> O0-O3)

lOL = 8mA(CO)

IOL=16mA(X0-X3>O0-O3)

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V

VoUT = 2.7V(X0-X3,O0-O3)

V0UT = 0.5V(X0-X3,Oo-03)

VoUT = 0V

VoUT = Vcc
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tPLH

tPHL

tPLH

tPHL

tPLH

tPHL

tPLH
tPHL

tPLH

*PHL

tPLH

tPHL

tPLH

tPHL

tPLH

tPHL

tPLH

tPHL

*PLH

tPHL

tPLH

tPHL

tPLH

tPHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Propagation Delay

CPtoQn(Note1)

Propagation Delay, l0 LOW

li-l3toXo-X3

Propagation Delay, l0 HIGH

!H3toXo-X3

Propagation Delay, l0 LOW

CPtoXn

Propagation Delay, l0 HIGH

CPtoXn

Propagation Delay

DntoXn

Propagation Delay

CltoXn

Propagation Delay

IrjtoXn

Propagation Delay

CPtoCS

Propagation Delay

SitoCQ

Propagation Delay

DntoCQ

Propagation Delay

h-latoSQ

Enable Time

EU0toOnorEQxtoXn

Disable Time

ES0to5norEDxtoXn

Min

8.0

5.0

9.0

9.5

16.5

11.0

9.0

11.5

18.0

12.5

10.5

6.0

7.0

5.5

4.5

4.5

11.0

11.5

3.5

4.5

3.5

4.0

10.0

11.0

7.0

6.0

1.5

5.0

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

Typ

12.0

7.5

13.0

14.0

23.5

17.0

13.5

18.0

26.5

20.0

15.0

9.0

10.5

9.0

9.0

10.0

19.0

18.5

5.5

7.0

5.5

6.5

15.0

16.0

10.0

9.0

4.0

10.0

Max

21.0

13.0

18.0

20.5

33.0

25.0

21.0

24.0

35.0

28.5

23.0

14.0

16.0

12.0

11.5

14.0

24.0

27.0

8.5

12.0

9.0

11.0

22.0

23.0

14.5

15.0

7.0

14.0

Cl

Mln

7.0

4.0

7.5

8.0

8.5

6.5

7.0

8.5

16.0

11.5

6.5

3.0

4.0

4.5

4.0

3.0

9.0

6.5

3.0

3.0

3.0

3.5

8.0

6.0

4.5

3.5

2.0

5.0

54F

= 50pF

Max

24.0

15.0

21.0

25.0

50.0

35.0

24.0

28.0

43.0

36.5

29.0

20.5

22.0

14.0

14.5

19.5

33.0

38.0

11.0

10.0

10.0

10.0

23.0

32.5

26.0

16.0

9.0

18.0

74F

TA.vcc

Mln

7.0

4.0

8.0

8.5

14.5

10.0

8.0

10.5

16.0

11.5

9.5

5.0

6.0

4.5

4.0

4.0

11.0

11.5

3.0

4.0

3.0

3.5

9.0

10.0

5.5

5.5

1.5

4.0

= Com

50 pF

Max

25.0

15.0

20.0

22.0

36.0

27.0

22.5

26.0

37.0

31.0

25.0

15.5

17.5

13.5

13.0

15.5

26.0

29.0

9.5

13.0

9.5

12.0

23.5

25.0

17.0

16.5

8.0

15.5

Units

ns

ns

ns

ns

Fig

No

Af\y /%407-C

A07.fi

Affi 0

Affi h

Affi h

Affi H

Affi a

Affi h

Af\"7 a

Affi a

A(Y7 r\

Affi a

Note 1: The internal clock Is generated from CP and EX. The internal Clock is HIGH if IX or CP is HIGH, LOW if EX and CP are LOW.
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tew

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(L)

th(H)

th(U

ts(H)

ts(U

th(H)

th(L)

tw(H)

tw(U

Parameter

Clock Period

Setup Time, HIGH or LOW

h -l3 to Negative-Going CP

Hold Time, HIGH or LOW

'1-13*0 Positive-Going CP

Setup Time, HIGH or LOW

Dn or C1 to Negative-Going CP

Hold Time, HIGH or LOW

DnorClto

Negative-Going Clock

Setup Time, HIGH or LOW

Cf to Positive-Going CP

Hold Time, HIGH or LOW

Cl to Positive-Going CP

Clock Pulse Width

HIGH or LOW

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

Min Typ Max

32.0 26.0

4.0

4.0

0

0

16.5

16.5

0

0

13.0

13.0

0

0

7.5

7.5

54F

Ta,vcc = mii

CL = 50 pF

Mln Max

36.0

4.5

4.5

0

0

18.5

18.5

0

0

14.5

14.5

0

0

8.5

8.5

74F

Ta, VCc = Com

CL = 50pF

Min Max

36.0

4.5

4.5

0

0

18.5

18.5

0

0

14.5

14.5

0

0

8.5

8.5

Units

ns

ns

ns

ns

ns

Fig

No

407-c

407-c

407-c

407-c
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54F/74F410 Register Stack—16 x 4 RAM

TRI-STATE® Output Register

General Description
The 'F410 is a register-oriented high-speed 64-bit Read/

Write Memory organized as 16-words by 4-bits. An edge-

triggered 4-bit output register allows new input data to be

written while previous data is held. TRI-STATE outputs are

provided for maximum versatility. The 'F410 is fully compati

ble with all TTL families.

Features
Edge-triggered output register

Typical access time of 35 ns

TRI-STATE outputs

Optimized for register stack operation

18-pin package

9410 replacement

Ordering Code: see section 5

Logic Symbols Connection Diagrams

-0

—

—

-o

-0

WE

CP

Ai

A2

A3

OE

CS

1

D0 D

Qo 0

|

1 h

1Q2

1

Q3

I I I I

Pin Assignment

for DIP and Flatpak

CS—

WE—

Ao"

At-

A2-

A3-

CP—

6e-

GND-

V

2

3

4

5

6

7

8

9

18

17

16

15

14

13

12

11

10

Pin Assignment

for LCC

CP A3 NC Aj A,

GO 0 [E HI H

-D2

-Q2

03 QU El 03IH

Dz Q, NC D, Qo

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

A0-A3

D0-D3

CS

OE

WE

CP

Q0-Q3

Description

Address Inputs

Data Inputs

Chip Select Input (Active LOW)

Output Enable Input (Active LOW)

Write Enable Input (Active LOW)

Clock Input (Outputs Change on

LOW-to-HIGH Transition)

TRI-STATE Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/2.0

1.0/1.0

1.0/1.0

1.0/2.0

150/40(33.3)

Input Iih/I|l

Output Ioh/'ol

20juiA/-0.6mA

20 jbtA/-0.6 mA

20 /aA/- 1.2 mA

20 pA/-0.6 mA

20fj,A/-0.6mA

20 fiA/- 1.2 mA

-3mA/24mA(20mA)
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Functional Description
Write Operation—When the three control inputs, Write En

able (WE), Chip Select (CS), and Clock (CP), are LOW the

information on the data inputs (D0-D3) is written into the

memory location selected byjhe address inputs (A0-A3). If

the input data changes while WE, CS, and CP are LOW, the

contents of the selected memory location follow these

changes, provided setup and hold time criteria are met.

Block Diagram

Read Operation—Whenever C§ is LOW and CP goes from

LOW-to-HIGH, the contents of the memory location select

ed by the address inputs (A0-A3) are edge-triggered into

the Output Register.

The (5E) input controls the output buffers. When UE is
HIGH the four outputs (Q0-Q3) are in a high impedance or

OFF state; when OE is LOW, the outputs are determined by

the state of the Output Register.

V

V

A2-

ADDRESS

DECODE
16 )

V
RAM

OE
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ Free Air Amhient Temnerature
Distributors for availability and specifications. Fre^e^rAmb.ent Temperature _^^+^

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCC Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

VOH

VOL

I|H

■bvi

IlL

IOZH

'OZL

los

•CEX

Izz

'CCH

•CCL

'ccz

Parameter

Input HIGH Voltage

Input LOWVoltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F5%VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

0.5

0.5

20

100

-0.6

-1.2

50

-50

-60 -150

250

500

47 70

47 70

47 70

Units

V

V

V

V

V

,*A

fxA

mA

^A

,xA

mA

jxA

tiA

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'in = -18 mA

Ioh = -1 mA

'OH = -3 mA

Ioh = -1 mA

Ioh = -3 mA

Ioh = -1 mA

Iql = 20 mA

Iol = 24 mA

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V(AnfDn,OE,WE)

V|N = 0.5V (CS, CP)

V0UT = 2.7V

VOUT = 0.5V

VouT = 0V

VOUT = VCC

VOUT = Vcc

Vo = HIGH

Vo = LOW

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpi_H

tpHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Propagation Delay

CPtoQ

Enable Time

OEtoQ

Disable Time

OEtoQ

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Mln Max

3.0 8.5

3.5 9.0

3.0 8.0

3.5 9.0

2.5 6.5

2.5 7.0

54F

TA,Vcc = MII

CL = 50 pF

Mln Max

2.5 11.0

3.0 12.0

2.5 10.5

3.0 13.0

2.0 8.5

2.0 9.5

74F

Ta. VCc = Com

CL = 50pF

Min Max

2.5 9.5

3.0 10.0

2.5 9.0

3.0 10.0

2.0 7.5

2.0 8.0

Units

ns

ns

Fig

No

2-3

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

Mln Max

54F

TA,Vcc = MII

Min Max

74F

TA,VCC = Com

Mln Max

Units
Fig

No

READ MODE

ts(H)

ts(L)

th(H)

th(L)

Setup Time, HIGH or LOW

AntoCP

Hold Time, HIGH or LOW

AntoCP

15.0

15.0

0

0

23

23

0

0

17.0

17.0

0

0

ns 2-6

WRITE MODE

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(L)

th(H)

thO)

tw

tw

tw

Setup Time, HIGH or LOW

An to WE

Hold Time, HIGH or LOW

AntoWE

Setup Time, HIGH or LOW

DntoWE

Hold Time, HIGH or LOW

DntoWE

WE Pulse Width

Required to Write

CS Pulse Width

Required to Write

CP Pulse Width

Required to Write

0

0

0

0

5.0

5.0

0

0

7.5

7.5

7.5

0

0

0

0

8.5

8.5

2.5

2.5

9.5

9.5

9.5

0

0

0

0

6.0

6.0

0

0

8.5

8.5

8.5

ns

ns

ns

ns

ns

2-6

2-6

2-4

2-4

2-4

Note: Military temperature range for this device is -40°C to +85°C.

4-353



National
Semiconductor

54F/74F412

Multi-Mode Buffered Latch with TRI-STATE® Outputs

General Description
Th©JF412 is an 8-bit latch with TRI-STATE output buffers.

Also included is a status flip-flop for providing device-busy

or request-interrupt commands. Separate Mode and Select

inputs allow data to be stored with the outputs enabled or

disabled. The device can also operate in a fully transparent

mode. The 'F412 is the functional equivalent of the Intel

8212.

Features
■ TRI-STATE outputs

■ Status flip-flop for interrupt commands

■ Asynchronous or latched receiver modes

■ 300 mil 24-pin slim package

Ordering Code: see section 5

Logic Symbols

IEEE/IEC

or

STB

Oj-

D3-

04-

D5-

(1/0 PORT)

-->1

--G1

1R2

R2/Z3

S 2 +

64

4CS

1C5/EN6

+1EN6

- -3R

T_

6 V

Connection Diagrams

Pin Assignment

forDIP,SOICandFlatpak

M-

D0-

0o-
D,-

0,-

D2-

02-

»3-
03-

STB-

GND-

2

3

4

5

6

7

8

9

10

11

12

J 24
23

22

21

20

19

18

17

16

15

14

13

-iMt

-07

"06

-05

-04
-OR

Pin Assignment

forLCCandPCC

D3 02 D2 NC

-05

■o6

-07

-0

—

-0

—

M

CLR

STB

Si

S2

Do Di

o0

°2 D3

0, 02

D4 Dj

°3 °4

D6 07

[NT

05 06 07

I I I I I I I I

D4 05 D5 NC 06 D6 07

4-354



ro

Unit Loading/Fan Out:

Pin Names

O0-O7

D0-D7

CLR

STB

INT

M

Si,S2

Description

Latch Outputs

Data Inputs

Clear

Strobe

Interrupt

Mode Control Input

Select Inputs

See Section 2 for U.L definitions

54F/74F

U.L.

HIGH/LOW

150/40(33.3)

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

1.0/1.0

1.0/1.0

Input I,h/I|l

Output Ioh/Iol

-3mA/24mA(20mA)

20/aA/-0.6 mA

20 jutA/-0.6 mA

20 fiA/-0.6 mA

-1 mA/20mA

20 /iA/- 0.6 mA

20ftA/-0.6mA

Functional Description
This high-performance eight-bit parallel expandable buffer

register incorporates package and mode selection inputs

and an edge-triggered status flip-flop designed specifically

for implementing bus-organized input/output ports. The

TRI-STATE data outputs can be connected to a common

data bus and controlled from the appropriate select inputs

to receive or transmit data. An integral status flip-flop pro

vides busy or request interrupt commands.

The eight data latches are fully transparent when the inter

nal gate enable, G, input is HIGH and the outputs are en

abled. LatchJransparency is selected by the mode control

(M), select (S-| and S2), and the strobe (STB) inputs and

during transparency each data output (On) follows its re

spective data input (Dn). This mode of operation can be

terminated by clearing, de-selecting, or holding the data

latches.

An input mode or an output mode is selectable from the M

input. In the input mode, M = L, the eight data latch inputs

are enabled when the strobe is HIGH regardless of device

selection. If selected during an input mode, the outputs will

follow the data inputs. When the strobe input is taken LOW,

the latches will store the most-recently setup data.

In the output mode, M = H, the output buffers are enabled

regardless of any other control input. During the output

modejhe content of the register is under control of the se

lect (Si and S2) inputs.

Data Latches Function Table

Function

Clear

De-Select

Hold

Data Bus

Data Bus

CLR

L

L

X

X

H

H

H

H

H

H

M

H

L

L

L

H

L

H

H

L

L

Si

H

L

X

H

H

L

L

L

L

L

S2

X

H

L

X

L

H

H

H

H

H

STB

X

L

X

X

X

L

X

X

H

H

Data In

X

X

X

X

X

X

L

H

L

H

Data Out

L

L

Z

Z

Qo

Qo

L

H

L

H

Status Flip-Flop Function Table

CLR

L

L

H

H

Si

H

X

X

L

s2

X

L

X

H

STB

X

X

X

INT

H

H

L

L

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

-/~ = LOW-to-HIGH Clock Transition
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CM

Logic Diagram

STB

M

S=53

D2

CLR

OE

PRESET

D Q

O> CK

m

-|> o0

TL/F/9540-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ _ ft A. AmWes . T«m „* ^
Distributor, for availability and spedf.cations. Free ^Amb,ent Temperature _^ +^

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

•bvi

IlL

IOZH

IOZL

"OS

ICEX

izz

'CCH

'CCL

'ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F 5% VCc

74F5%VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

33 50

40 60

40 60

Units

V

V

V

V

V

*iA

fiA

mA

MA

MA

mA

MA

fxA

mA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'lN = -18 mA

IOh= -1mA (INT)

Ioh = -3mA(0n)

IOh= -1mA (INT)

Ioh = -3mA(On)

Ioh = -1 mA(lNT)

Ioh = -3 mA (On)

1ql = 20 mA

Iol = 20 mA

Iql — 24 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 2.7V

V0UT = 0.5V

V0UT = 0V

Vout = Vcc

VoUT = Vcc

Vo = HIGH

V0 = LOW

V0 = HIGH Z
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AC Electrical Characteristics:

Symbol

tPLH

tpHL

tPLH

tpHL

tPLH

tpHL

tpHL

tpHL

tpZH

tpZL

tpHZ

tpLZ

tpZH

*PZL

tpHZ

tpLZ

tpZH

tpZL

tPHZ

tpLZ

Parameter

Propagation Delay

DntoOn

Propagation Delay

S-j,S2OrSTBtoOn

Propagation Delay

Propagation Delay

CLRtoOn

Propagation Delay

STBtolNT

Access Time, HIGH or LOW

SitoOn

Disable Time, HIGH or LOW

5i to On

Access Time, HIGH or LOW

S2 to On

Disable Time, HIGH or LOW

S2toOn

Access Time, HIGH or LOW

MtoOn

Disable Time, HIGH or LOW

MtoOn

See Section 2 for Waveforms and Load Configurations

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min

3.5

2.5

8.5

7.5

4.5

4.5

7.5

6.5

8.0

6.5

4.5

6.5

7.5

5.0

4.5

5.5

5.0

5.0

4.0

5.0

AC Operating Requirements:

Symbol

ts(H)

ts(U

th(H)

th(D

tw(H)

tw(U

Parameter

Setup Time, HIGH or LOW

DntoSi,S2orSTB

Hold Time

DntoS-j,S2OrSTB

Si,S2orSTB

Pulse Width, HIGH or LOW

CLR Pulse Width, LOW

Vcc

Min

0

0

8.0

8.0

8.0

8.0

8.0

Typ

6.5

5.0

14.5

12.5

7.5

8.0

12.5

11.0

12.5

11.0

8.0

11.0

12.5

9.0

7.5

9.5

8.5

8.5

7.0

8.5

Max

8.5

6.5

18.5

16.0

9.5

10.5

16.0

14.0

18.0

14.0

10.5

14.0

16.0

11.5

9.5

12.0

11.0

11.0

9.0

11.0

Min

3.0

2.0

6.5

6.0

COCO bibi
5.5

5.5

6.5

5.5

4.0

5.5

6.5

4.0

3.5

4.5

4.5

4.0

3.5

4.5

54F

= 50 pF

Max

11.5

8.5

23.0

19.0

12.0

12.5

18.5

17.5

20.0

18.0

14.5

17.0

18.5

15.5

12.5

14.5

16.0

15.0

11.5

14.0

74F

TA,VCC
Cl = J

Min

3.0

2.0

7.5

6.5

4.0

4.0

6.5

5.5

7.0

5.5

4.0

5.5

6.5

4.5

4.0

4.5

4.5

4.5

3.5

4.5

See Section 2 for Waveforms

74F

= +25°C

= + 5.0V

Max

54F

TA,VCC =

Min

2.0

2.0

10.0

10.0

11.0

11.0

11.5

= Mil

Max

74F

TA,VCC =

Min

1.0

1.0

9.0

9.0

9.0

9.0

9.0

= Com

30 pF

Max

9.5

7.5

20.5

17.5

10.5

11.5

17.5

15.0

19.0

15.0

11.5

15.0

17.5

12.5

10.5

13.0

12.0

12.0

10.0

12.0

Com

Max

Units

ns

ns

ns

ns

ns

ns

ns

ns

Units

ns

ns

ns

Fig

No

2-3

2-3

2-3

2-3

2-3

2 5

2 5

2-5

Fig

No

2 6

2-4

2-4
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54F/74F413

64 x 4 First-ln First-Out Buffer Memory with Parallel I/O

CO

General Description
The 'F413 is an expandable fall-through type high-speed

First-ln First-Out (FIFO) buffer memory organized as 64

words by four bits. The 4-bit input and output registers rec

ord and transmit, respectively, asynchronous data in parallel

form. Control pins on the input and output allow for hand

shaking and expansion. The 4-bit wide, 62-bit deep fall-

through stack has self-contained control logic.

Features
■ Separate input and output clocks

■ Parallel input and output

■ Expandable without external logic

■ 15 MHz data rate

■ Supply current 160 mA max

Ordering Code: see section 5

Logic Symbol

I I I I

Connection Diagrams

OR

I I I I

Pin Assignment

forDIP,SOICandFlatpak

TL/F/8541-1

NC-

IR-

Sl-

D0~

■>1-
D2-

D3-

GND-

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-vcc

-OR

-MR

Pin Assignment

for LCC and PCC

Dz D, KC Dq SI

S El H] HI B

NC 00 OR

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

D0-D3

O0-O3

IR

SI

SO

OR

MR

Description

Data Inputs

Data Outputs

Input Ready

Shift In

Shift Out

Output Ready

Master Reset

54F/74F

U.L.

HIGH/LOW

1.0/0.667

50/13.3

1.0/0.667

1.0/0.667

1.0/0.667

1.0/0.667

1.0/0.667

Input I|H/I|L

Output Ioh/Iol

20 fiA/ -0.4 mA

-1 mA/8mA

20jxA/-0.4mA

20 jutA/-0.4 mA

20 fiA/-0.4 mA

20 11A/- 0.4 mA

20 jjiA/- 0.4 mA
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Functional Description
Data Input—Data is entered into the FIFO on Dq-D3 in

puts. To enter data the Input Ready (IR) should be HIGH,

indicating that the first location is ready to accept data. Data

then present at the four data inputs is entered into the first

location when the Shift In (SI) is brought HIGH. An SI HIGH

signal causes the IR to go LOW. Data remains at the first

location until SI is brought LOW. When SI is brought LOW

and the FIFO is not full, IR will go HIGH, indicating that more

room is available. Simultaneously, data will propagate to the

second location and continue shifting until it reaches the

output stage or a full location. If the memory is full, IR will

remain LOW.

Data Transfer—Once data is entered into the second cell,

the transfer of any full cell to the adjacent (downstream)

empty cell is automatic, activated by an on-chip control.

Thus data will stack up at the end of the device while empty

locations will "bubble" to the front. The tpj parameter de

fines the time required for the first data to travel from input

to the output of a previously empty device.

Block Diagram

Data Output—Data is read from the O0-O3 outputs. When

data is shifted to the output stage, Output Ready (OR) goes

HIGH, indicating the presence of valid data. When the OR is

HIGH, data may be shifted out by bringing the Shift Out (SO)

HIGH. A HIGH signal at SO causes the OR to go LOW. Valid

data is maintained while the SO is HIGH. When SO is

brought LOW, the upstream data, provided that stage has

valid data, is shifted to the output stage. When new valid

data is shifted to the output stage, OR goes HIGH. If the

FIFO is emptied, OR stays LOW, and O0-O3 remains as

before, i.e., data does not change if FIFO is empty.

Input Ready and Output Ready may also be used as

status signals indicating that the FIFO is completely full (In

put Ready stays LOW for at least tp-r) or completely empty

(Output Ready stays LOW for at least tPT).

INPUT

REGISTER

62x4

FALL THROUGH

STACK

INPUT

CONTROL

STACK

CONTROL

OUTPUT

REGISTER

-►SO

OUTPUT

CONTROL
-►OR

-MR
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Absolute Maximum Ratings
if Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature -65°C to +150°C

Ambient Temperature under Bias - 55°C to +125°C

Junction Temperature under Bias - 55°C to +175°C

VCc Pin Potential to

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output

TRI-STATE® Output

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°C to +70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

-0.5VtoVCC
-0.5V to + 5.5V

Symbol

V|H

V|L

VCD

V0H

V0L

>IH

•bvi

IlL

los

ICEX

ICCH

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Min

2.0

2.4

2.4

2.7

-20

54F/74F

Typ Max

0.8

-1.5

0.5

0.5

20

100

-0.4

-130

250

115 160

Units

V

V

V

V

V

,iA

,iA

mA

mA

^A

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

hN =

IOH =

«OH =

•OH =

IOL =

IOL =

V|N =

V|N =

V|N =

VOUT

VOUT

vo =

-18 mA

-1 mA

-1 mA

-1 mA

8 mA

8 mA

2.7V

7.0V

0.5V

= 0V

= vcc

HIGH
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

fmax

tPLH

tpHL

tPLH

tpHL

tPLH

tpHL

tPLH

tPLH

Parameter

Shift In Rate

Shift Out Rate

Propagation Delay

Shift In to IR

Propagation Delay

Shift Out to OR

Propagation Delay

Output Data Delay

Propagation Delay

Master Reset to IR

Propagation Delay

Master Reset to OR

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

10

10

1.5 44.0

1.5 31.0

1.5 52.0

1.5 31.0

1.5 46.0

1.5 34.0

1.5 27.0

1.5 30.0

54F

Ta,vcc = mii

CL=50pF

Min Max

8.0

8.0

1.5 50.0

1.5 37.0

1.5 57.0

1.5 37.0

1.5 52.0

1.5 39.0

1.5 33.0

1.5 34.0

74F

Ta, VCc = Com

CL = 50 pF

Min Max

10

10

1.5 48.0

1.5 35.0

1.5 55.0

1.5 35.0

1.5 50.0

1.5 37.0

1.5 31.0

1.5 32.0

Units

MHz

MHz

ns

ns

ns

ns

ns

Fig

No

2-1

2-1

2-3

2-3

2-3

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

tw(H)

tw(L)

tw(H)

tw(U

tw(H)

tw(L)

tw(D

W

tpT

Parameter

Setup Time, HIGH or LOW

Dn to SI

Hold Time, HIGH or LOW

Dn to SI

Shift In Pulse Width

HIGH or LOW

Shift Out Pulse Width

HIGH or LOW

Input Ready Pulse Width,

HIGH

Output Ready Pulse Width,

LOW

Master Reset Pulse Width,

LOW

Recovery Time, MR to SI

Data Throughput Time

74F

TA= +25°C

VCc= +5.0V

Mln Max

1.0

1.0

10.0

10.0

5.0

10.0

7.5

10.0

7.5

5.0

10.0

32.0

0.9

54F

TA,VCC = MII

Mln Max

1.0

1.0

10.0

10.0

5.0

10.0

8.5

10.0

8.5

5.0

10.0

35.0

1.0

74F

Ta» Vqc = Com

Min Max

1.0

1.0

10.0

10.0

5.0

10.0

7.5

10.0

7.5

5.0

10.0

35.0

1.0

Units

ns

ns

ns

ns

ns

ns

]LtS

Fig

No

2-6

2-4

2-4

2-4

2-4

2-6
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54F/74F420

Parallel Check Bit/Syndrome Bit Generator

General Description
The "F420 is a parallel check bit/syndrome bit generator.

The 'F420 utilizes a modified hamming code to generate 7

check bits from a 32-bit dataword, in 15 ns, when operated

in the check bit generate mode. When operated in the syn

drome generate mode, the check bits and data bits

read from memory are utilized in a parity summer to gener

ate syndrome bits upon error detection. The maximum error

count detectable is 2. A single error detect can occur in

18 ns; a double error detect in 22 ns. The syndrome bit

generation can be output in 15 ns (maximum).

Ordering Code: see section 5

Logic Diagram Connection Diagrams

Pin Assignment

for LCC and PCC

s0

Si

CB

Co C, C

Do-D

i c3

31

C4 C5

SEF

DEF

c6

1111 I 11

Pin Assignment

for DIP and Flatpak

Co_

c,-

C2-

C3"

C4-
c5—

c6-

oo-

0,-

02-

O3-

v«-
SND-

D4-

D5-

D6-

O7-

08-

D9-

0,0-

0,,-

0,2"

0,3-

0,4-

1

2

3

4

5

6

7

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

J
48

47

46

45

44

43

42

41

40

39

38

37

36

35

34

33

32

31

30

29

28

27

26

25

-So

-03,

-D30

-029

-028

-027

-026
-GND

-D25

-024

-023

-022

-02,

-020

-0,9

-0,8

"0,7

"0,6

-0,5

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

co-c6

Do-D31

CB

DEF

SEF

So, Si

Description

Check Bit/Syndrome Bus Inputs/

Outputs

Data Bit Bus

Check Bit Control

Double Error Flag

Single Error Flag

Mode Control

54F/74F

U.L.

HIGH/LOW

3.5/1.083

150/40(33.3)

1.0/1.0

1.0/1.0

50/33.3

50/33.3

1.0/1.0

Input I|h/Iil

Output Ioh/'ol

70 julA/-0.65 mA

-3mA/24mA(20mA)

20 jutA/-0.6 mA

20/xA/-0.6 mA

-1 mA/20mA

-1 mA/20mA

20jutA/-0.6mA
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Function Table

Memory

Cycle
Function

Control
Check Bit

CB Control

I/O

Error Flags

SEF DEF

Write

Read

Read

Read

Diagnostics

Diagnostics

Diagnostics

Generate Check Bits

Read & Flag

Latch Check Bits

Output Syndrome Bits

Input Diagnostic

Data Word

Input Diagnostic

Data Word

Input Diagnostic

Data Word

L

L

H

H

H

Output Check

Input

Inputs

Output Syndrome Bits

Latched Check

Outputs High-Z

Output Latched

Check Bits

Output Syndrome

Bits

L

H

H

L

H

H H

Enabled

Enabled

Enabled

Enabled

Enabled

Enabled

Block Diagram

D0-D31

SEF

DEF
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Absolute Maximum Ratings (Note 1) Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ cr^AirAmki^T^r,^,^

Distributors for availability and specifications. Military TemPerature _5J_oc tQ +^0
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCC Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE® Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOL (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

'bvi

'bvit

IlL

l|H + lOZH

IlL + IOZL

los

ICEX

Izz

'CCH

'CCL

iccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%Vcc

74F10%Vcc
74F10%VCc
74F5%VCc
74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

0.5

20

100

1.0

-0.6

70

-650

-60 -150

250

500

130

130

130

Units

V

V

V

V

V

MA

/xA

mA

mA

ftA

mA

pA

^A

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA, Dn, CB, So, Si

IOh= -1mA (All Outputs)

IOh= -3mA(C0-C6)

Iqh= -1 mA (All Outputs)

IOH= -3mA(C0-C6)

IOh = -1 mA (All Outputs)

IOh= -3mA(C0-C6)

IOL = 20 mA (All Outputs)

Iol = 20 mA (DEF, SEF)

Iol = 24 mA (C0-C6)

V,N = 2.7V(Dn,CB,S0,S1)

V,N = 7^(0^08,80,8!)

V|N = 5.5V (C0-C6)

V|N = 0.5V(Dn,CB,S0,S1)

V0UT = 2.7V(Co-C6)

VOUT = 0.5V(C0-C6)

V0UT = 0V

VOUT = Vcc

VOUT = Vcc

V0 = HIGH

V0 = LOW

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpLH

tpHL

tpLH

tPHL

tpi_H

tPHL

tpLH

tpHL

tpLH

tPHL

tpZH

*PZL

tpHZ

tpLZ

Parameter

Propagation Delay

DntoCn

Propagation Delay

Dn/CntoSEF

Propagation Delay

Dn/Cn to DEF

Propagation Delay

S1 to Cn

Propagation Delay

S1toSEF/DEF

Output Enable Time

Output Disable Time

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

Min Typ Max

5.0 20.0

5.0 17.0

5.0 20.0

4.0 16.0

6.0 24.0

5.0 21.0

4.0 18.0

3.0 13.0

4.0 14.0

3.0 9.0

2.0 12.0

2.0 11.0

1.0 7.5

1.0 7.5

54F

TA,Vcc = MII

CL=50pF

Min Max

74F

Ta. VCc = Com

CL = 50pF

Min Max

5.0 22.0

5.0 19.0

5.0 22.0

4.0 18.0

6.0 26.0

5.0 22.0

4.0 19.0

3.0 14.0

4.0 15.0

3.0 10.0

2.0 13.0

2.0 12.0

1.0 8.0

1.0 8.0

Units

ns

ns

ns

ns

ns

ns

Fig

No

420-a, b

420-b

420-b

420-a, b

420-b

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(U

th(H)

th(D

Parameter

Setup Time, HIGH or LOW

CptoSo

Hold Time, HIGH or LOW

CntoS0

Clock Pulse Width LOW

74F

TA = +25°C

VCc= +5.0V

Min Max

5.0

5.0

5.0

5.0

8.0

54F

Ta,vcc = mii

Min Max

74F

Ta» VCc = Com

Min Max

5.0

5.0

5.0

5.0

8.0

Units

ns

ns

ns

Fig
No

2-6

2-6

2-4
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Timing Waveforms

D0-D31-

D0-D31-

co-c6.

sef"

def"

SEF = H

DEF = H

U-SHBtt-GENERATE

VALID CHECKWORD

FIGURE 420-a.

CHECKING LATCH CHECKBITS OUTPUT

SYNDROME BITS

-Select to Syndrome BH Output -

Single1

Error

Detect

Multiple!

Error

Detect

TL/F/9542-6

FIGURE 420-b.
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54F/74F432

Multi-Mode Buffered Latch with TRI-STATE® Outputs

General Description
The T432 is an 8-bit latch with TRI-STATE output buffers

and control and device selection logic. Also included is a

status flip-flop for providing device-busy or request-interrupt

commands. Separate Mode and Select inputs allow data to

be stored with the outputs enabled or disabled. The device

can also operate in a fully transparent mode.

The 'F432 is the functional equivalent of the Intel 8212, but

with inverting outputs.

Features
TRI-STATE inverting outputs

Status flip-flop for interrupt commands

Asynchronous or latched receiver modes

Data to output propagation delay typically 8.5 ns

Supply current 43 mA typ

24-pin slim package

Ordering Code: see section 5

Logic Symbols

I I I I I I I I

Connection Diagrams

M

-OCLR

STB

D0 D, D2 D3 D4 DS D6

S2 00 0, 02 03 04 0s 06 07

vrrrrrrr

Pin Assignment

for DIP, SOIC and Flatpak

IEEE/IEC

OR

— 1R2

R2/Z3

>S 2-

D,-

D2-

D3-

D4-

(1/0 PORT)

- -G1

G4

4C5

1C5/EN6

- -1EN6

- -3R

3

5D 6 V

-[NT

§1-
M-

Do-

Oo-

D1~
0,-

D2-

62-

D3-

03-
STB-

GND-

V.

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

-INT

-67

-D5
-65
-D4

-cIr

-s2

Pin Assignment

forLCCandPCC

030202806,0,60

[Tj OH ID HI E m H]

04 05 D5 NC 06 D6 67

0,

62
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Unit Loading/Fan Out:

Pin Names

D0-D7

50-e7
§1.-S2,

M

STB

JfiT

CLR

Description

Data Inputs

Latch Outputs

Select Inputs

Mode Control Input

Strobe

Interrupt

Clear

See Section 2 for U.L definitions

54F/74F

U.L.

HIGH/LOW

1.0/1.0

150/40(33.3)

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

1.0/1.0

Input I|H/Iil

Output Ioh/Iol

20 fAA/-0.6 mA

-3 mA/24 mA (20 mA)

20 ju,A/- 0.6 mA

20 joiA/- 0.6 mA

20 jj,A/- 0.6 mA

-1 mA/20mA

20 \iM- 0.6 mA

Functional Description
This high-performance eight-bit parallel expandable buffer

register incorporates package and mode selection inputs

and an edge-triggered status flip-flop designed specifically

for implementing bus-organized input/output ports. The

TRI-STATE data outputs can be connected to a common

data bus and controlled from the appropriate select inputs

to receive or transmit data. An integral status flip-flop pro

vides busy or request interrupt commands.

The eight data latches are fully transparent when the inter

nal gate enable, G, input is HIGH and the outputs are en

abled. Latch transparency is selected by the mode control

(M), select (^ and S2), and the strobeJSTB) inputs and

during transparency each data output (On) follows its re

spective data input (Dn). This mode of operation can be

terminated by clearing, de-selecting, or holding the data

latches. See Data Latches Function Table.

An input mode or an output mode is selectable from this

single input line. In the input mode, M = L, the eight data

latch inputs are enabled when the strobe is HIGH regard

less of device selection. If selected during an input mode,

the outputs will follow the data inputs. When the strobe input

is taken LOW the latches will store the most recently setup

data.

In the output mode, M = H, the output buffers are enabled

regardless of any other control input. During the output

mode the content of the register is under control of the se

lect (§1 and S2) inputs. See Data Latches Function Table.

Data Latches Function Table

Function

Clear

De-select

Hold

Data Bus

Data Bus

CLR

L

L

X

X

H

H

H

H

H

H

M

H

L

L

L

H

L

H

H

L

L

§1

H

L

X

H

H

L

L

L

L

L

S2

X

H

L

X

L

H

H

H

H

H

STB

X

L

X

X

X

L

X

X

H

H

Data In

X

X

X

X

X

X

L

H

L

H

Data Out

H

H

Z

Z

Qo

Qo

H

L

H

L

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

Status Flip-Flop Function Table

CLR

L

L

H

H

H

X

X

L

S2

X

L

X

H

STB

X

X

_/~

X

INT

H

H

L

L

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

_y = LOW-to-HIGH Transition
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Logic Diagram
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Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note 1) Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c^iirAmw^T.m^rri,,™
Distributors for ava.iab.iity and specif.cattons. FrtjAjrAmb-nt Temperature ^^ + ^^

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with Vcc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated lOt_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful fife impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

■bvi

'bvit

IlL

'OZH

•ozl

los

ICEX

«ZZ

ICCH

'CCL

•ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F 5% VCc

74F5%VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

1.0

-0.6

50

-50

-60 -150

250

500

50 65

50 65

50 65

Units

V

V

V

V

V

,iA

/xA

mA

mA

tiA

,tA

mA

M.A

^A

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18mA

Ioh = -1 mA

Ioh = ~3 mA

Ioh = -1 mA

Ioh = -3 mA

IOh= -1mA

Ioh = ~3 mA

Iql = 20 mA

Iol = 24 mA

V|N = 2.7V

V|N = 7.0V

V,N = 5.5V

V|N = 0.5V

VouT = 2.7V

V0UT = 0.5V

V0UT = 0V

VOUT = Vcc

VoUT = Vcc

Vo = HIGH

V0 = LOW

V0 = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tPLH

tpHL

tPLH

tPHL

tpHL

tPHL

tPLH

tPHL

tPLH

tPHL

tPLH

tPHL

tpZH

tpZL

tpHZ

tpi_Z

tpZH

tpZL

tpHZ

tpLZ

Parameter

Propagation Delay

Dnto On

Propagation Delay

§i,S2orSTBtoOn

Propagation Delay

CLRtoOn

Propagation Delay

STBtoINT

Propagation Delay

^tolNT

Propagation Delay

S2tolNT

Propagation Delay

MtoOn

Enable Time

MtoOn

Disable Time

MtoOn

Enable Time

§1>S2toQn

Disable Time

S^toQn

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

Mln Typ Max

3.5 8.5 10.5

2.5 5.5 7.0

8.5 16.0 21.0

6.5 12.5 16.0

7.0 15.0 18.5

6.0 11.5 14.5

4.0 7.5 9.5

5.5 7.5 12.0

4.0 7.5 9.5

4.5 7.5 9.5

9.0 15.0 19.0

6.5 11.0 14.0

6.0 8.5 14.0

6.0 8.5 13.0

4.5 6.5 9.5

5.5 9.5 12.0

4.5 13.0 18.0

5.0 11.0 15.0

4.0 8.0 11.0

5.0 11.0 15.5

54F

TA,Vcc = MII

CL = 50 pF

Mln Max

74F

Ta. Vcc = Com

CL = 50pF

Min Max

3.0 12.0

3.0 12.0

7.5 23.0

5.5 18.0

6.0 20.5

5.0 16.0

3.5 10.5

5.5 13.0

3.5 10.5

4.5 10.5

9.0 20.0

6.5 15.0

6.0 15.0

6.0 14.5

4.5 10.5

5.5 13.0

4.0 20.0

4.0 17.0

3.5 12.5

4.0 17.5

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-5

2-5

2-5
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AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(U

th(H)

th(L)

ts(H)

ts(U

th(H)

th(U

tw(H)

tw(L)

tw(L)

tw(H)

tw(L)

tw(H)

tw(D

Parameter

Setup Time, HIGH or LOW

St to Dn

Hold Time, HIGH or LOW

Si to Dn

Setup Time, HIGH or LOW

S2 to Dn

Hold Time, HIGH or LOW

S2toDn

Setup Time, HIGH or LOW

STB to Dn

Hold Time, HIGH or LOW

STB to Dn

STB Pulse Width

HIGH or LOW

CLR Pulse Width, LOW

^ Pulse Width

HIGH or LOW

S2 Pulse Width

HIGH or LOW

74F

TA= +25°C

VCc= +5.0V

Min Max

0

0

11.0

8.5

0

0

9.0

7.0

0

0

13.0

10.0

5.0

5.0

10.0

9.0

7.0

7.0

9.0

54F

TA,VCC = Mil

Min Max

74F

Ta, Vqc = Com

Min Max

0

0

12.5

9.5

0

0

9.0

7.0

0

0

13.0

10.0

5.0

5.0

10.0

9.0

7.0

7.0

9.0

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-6

2-6

2-6

2-4

2-4

2-4

2-4
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National
Semiconductor

54F/74F433

First-ln First-Out (FIFO) Buffer Memory

General Description
The 'F433 is an expandable fall-through type high-speed

first-in first-out (FIFO) buffer memory that is optimized for

high-speed disk or tape controller and communication buffer

applications. It is organized as 64 words by 4 bits and may

be expanded to any number of words or any number of bits

in multiples of four. Data may be entered or extracted asyn-

chronously in serial or parallel, allowing economical imple

mentation of buffer memories.

The 'F433 has TRI-STATE® outputs that provide added ver

satility, and is fully compatible with all TTL families.

Features
■ Serial or parallel input

■ Serial or parallel output

■ Expandable without additional logic

■ TRI-STATE outputs

■ Fully compatible with all TTL families

■ Slim 24-pin package

■ 9423 replacement

Ordering Code: see section 5

Logic Symbol

—

-o

-0

-0

—

-0

-0

-0

-0

-0

1 1

PL

TTS

IES

CPSI

TOP

TOS

OES

CPSO

OE

MR q3 q2

1 1 1
D2 D, D0

IRF

ORE

Qi Qo Qs

Connection Diagrams

Pin Assignment for DIP,

SOIC and Flatpak

IRF—

PL-

D0~
D,-

D2-

D3-

cpsi-

(ES-

TtS-

MR-

GND-

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

-QS

-Q2

-Q3

-OE

-CPSO

-OES

-TOS

-TOP

I I I I I Pin Assignment for LCC and PCC

IES CPSI Ds NC D3 D2 D1

QjJ m d] GO \T] GO [5]

CPSO OE Q3 NC Q2
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

PL

CPSI

IES

TTS

MR

OES

TOP

TOS
CP§0
OE

D0-D3

Ds
Q0-Q3
OS.
IRF

ORE

Description

Parallel Load Input

Serial Input Clock

Serial Input Enable

Transfer to Stack Input

Master Reset

Serial Output Enable

Transfer Out Parallel

Transfer Out Serial

Serial Output Clock

Output Enable

Parallel Data Inputs

Serial Data Input

Parallel Data Outputs

Serial Data Output

Input Register Full

Output Register Empty

54F/74F

U.L.

HIGH/LOW

1.0/0.66

1.0/0.66

1.0/0.66

1.0/0.66

1.0/0.66

1.0/0.66

1.0/0.66

1.0/0.66

1.0/0.66

1.0/0.66

1.0/0.66

1.0/0.66

285/10

285/10

20/5

20/5

Input Iih/Iil
Output Ioh/'ol

20 jhA/400 jmA

20 juiA/400 julA

20 /jiA/400 jllA

20 jaA/400 jaA

20 jxA/400 /j,A

20 jaA/400 ixA

20 jmA/400 jitA

20 jLtA/400 jxA

20 jutA/400 juA

20 /ulA/400 jiA

20 /uiA/400 jaA

20 /aA/400 j*A

5.7mA/16mA

5.7jmA/16mA

400 fiA/8 mA

400 |nA/8 mA

Functional Description
As shown in the block diagram, the 'F433 consists of three

sections:

1. An Input Register with parallel and serial data inputs, as

well as control inputs and outputs for input handshaking

and expansion.

2. A 4-bit-wide, 62-word-deep fall-through stack with self-

contained control logic.

3. An Output Register with parallel and serial data outputs,

as well as control inputs and outputs for output hand

shaking and expansion.

These three sections operate asynchronously and are virtu

ally independent of one another.

Input Register (Data Entry)

The Input Register can receive data in either bit-serial or

4-bit parallel form. It stores this data until it is sent to the fall-

through stack, and also generates the necessary status and

control signals.

This 5-bit register (see Figure 1) is initializedjpy setting flip-

flop F3 and resetting the other flip-flops. The Q-output of the

last flip-flop (FC) is brought out as the Input Register Full

(IRF) signal. After initialization, this output is HIGH.

Parallel Entry—A HIGH on the Parallel Load (PL) input

loads the D0-D3 inputs into the F0-F3 flip-flops and sets

the FC flip-flop. This forces the IRF output LOW, indicating

that the input register is full. During parallel entry, the Serial

Input Clock (CPSI) input must be LOW.

Serial Entry—Data on the Serial Data (Ds) input is serially

entered into the shift register (F3, F2, F-j, Fo, FC) on each

HIGH-to-LOWJransition of the CPSI input when the Serial

Input Enable (IES) signal is LOW. During serial entry, the PL

input should be LOW.

After the fourth clock transition, the four data bits are locat

ed in flip-flops F0-F3. The FC flip-flop is set, forcing the IRF

output LOW and internally inhibiting CPSI pulses from af

fecting the register. Figure 2 illustrates the final positions in

an 'F433 resulting from a 256-bit serial bit train (Bo is the

first bit, B255 the last).

Block Diagram
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Functional Description (continued)

• INPUT DATA

INITIALIZE

INPUT REG-*- STACK

(PULSE DERIVED FROM TTS)

-IRF

DATA INPUTS TO STACK -

FIGURE 1. Conceptual Input Section

D2 D, D0

INPUT

REGISTER

OUTPUT

REGISTER B3

B25S

•F433

B2

B254 B253

BO

B2S2

I I I I I
Q3 Q2 Qi Qo Qs

TL/F/8544-6

FIGURE 2. Final Positions in an 'F433

Resulting from a 256-Bit Serial Train

Fall-Through Stack—The outputs of flip-flops F0-F3 feed

the stack. A LOW level on the Transfer to Stack (TTS) input

initiates a fall-through action; if the top location of the stack

is empty, data is loaded into the stack and the input register

is reinitialized. (Note that this initialization is delayed until PL

is LOW). Thus^ automatic FIFOjjction is achieved by con

necting the IRF output to the TTS input.

An RS-type flip-flop (the initialization flip-flop) in the control

section records the fact that data has been transferred to

the stack. This prevents multiple entry of the same word into

the stack even though IRF and TTS may still be LOW; the

initialization flip-flop is not cleared until PL goes LOW.

Once in the stack, data falls through automatically, pausing

only when it is necessary to waiUor an empty next location.

In the 'F433, the master reset (MR) input only initializes the

stack control section and does not clear the data.

Output Register

The Output Register (see Figure 3) receives 4-bit data

words from the bottom stack location, stores them, and out

puts data on a TRI-STATE, 4-bit parallel data bus or on a

TRI-STATE serial data bus. The output section generates

and receives the necessary status and control signals.

Parallel Extraction—When the FIFO is empty after a LOW

pulse is applied to the MR input, the Output Register Empty

(ORE) output is LOW. After data has been entered into the

FIFO and has fallen through to the bottom stack location, it

is transferred into the output register, if the Transfer Out

Parallel (TOP) input is HIGH. As a result of the data transfer,

ORE goes HIGH, indicating valid data on the data outputs

(provided that the TRI-STATE buffer is enabled). The TOP

input can then be used to clock out the next word.

When TOP goes LOW, ORE also goes LOW, indicating that

the output data has been extracted; however, the data itself

remains on the output bus until a HIGH level on TOP per

mits the transfer of the next word (if available) into the out

put register. During parallel data extraction, the serial output

clock (CPSO) line should be LOW. The Transfer Out Serial

(TOS) line should be grounded for single-slice operation or

connected to the appropriate ORE line for expanded opera

tion (refer to the 'Expansion' section).

The TOP signal is not edge-triggered. Therefore, if TOP

goes HIGH before data is available from the stack but data

becomes available before TOP again goes LOW, that data

is transferred into the output register. However, internal
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Functional Description (continued)
control circuitry prevents the same data from being trans

ferred twice. If TOP goes HIGH and returns to LOW before

data is available from the stack, ORE remains LOW, indicat

ing that there is no valid data at the outputs.

Serial Extraction—When the FIFO is empty after a LOW is

applied to the MR input, the ORE output is LOW. After data

has been entered into the FIFO and has fallen through to

the bottom stack location, it is transferred into the output

register, if the TOS input is_LOW and TOP is HIGH. As a

result of the data transfer, ORE goes HIGH, indicating that

valid data is in the register.

The TRI-STATE Serial Data Output (Qs) is automatically en

abled and puts the first data bit on the output bus. Data is

serially shifted out on the HIGH-to-LOW transition of CPSO.

To prevent false shifting, CPSO should be LOW when the

new word is being loaded into the output register. The fourth

transition empties the shift register, forces ORE LOW, and

disables the serial output, Qs. For serial operation, the ORE

output may be tied to the TOS input, requesting a new word

from the stack as soon as the previous one has been shift

ed out.

Expansion

Vertical Expansion—The 'F433 may be vertically expand
ed, without external components, to store more words. The

interconnections necessary to form a 190-word by 4-bit

FIFO are shown in Figure 4. Using the same technique, any

FIFO of (63n + 1)-words by 4-bits can be configured, where

n is the number of devices. Note that expansion does not

sacrifice any of the 'F433 flexibility for serial/parallel input

and output.

- OUTPUT FROM STACK

LOAD FROM STACK

FIGURE 3. Conceptual Output Section
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Functional Description (continued)

MASTER

RESET

SERIAL DATA IN

SERIAL INPUT CLOCK

PARALLEL DATA IN

PARALLEL i n n „ I
D3 D2 D, Do

IES

CPSI

OES

TOS

TOP

CPSO

OE

MR

T433

IRF

ORE

Q3Q2Q1Q0QS

NC

PLDS DjDjD^q

TTS

IES

CPSI

OES

TOS

TOP

CPSO

OE

MR

IRF

•F433

Q3Q2Q1Q0QS

]
DATA VALID

SERIAL

DATA

OUTPUT

FIGURE 4. A Vertical Expansion Scheme
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Functional Description (continued)

Horizontal Expansion—The 'F433 can be horizontally ex

panded, without external logic, to store long words (in multi

ples of 4-bits). The interconnections necessary to form a 64-

word by 12-bit FIFO are shown in Figure 5. Using the same

technique, any FIFO of 64-words by 4n-bits can be con

structed, where n is the number of devices.

The right-most (most significant) device is connected to the

TTS inputs of all devices. Similarly, the ORE output of the

most significant device is connected to the TOS inputs of all

devices. As in the vertical expansion scheme, horizontal ex

pansion does not sacrifice any of the 'F433 flexibility for

serial/parallel input and output.

It should be noted that the horizontal expansion scheme

shown in Figure 5 exacts a penalty in speed.

Horizontal and Vertical Expansion—The 'F433 can be ex

panded in both the horizontal and vertical directions without

any external components and without sacrificing any of its

FIFO flexibility for serial/parallel input and output. The inter

connections necessary to form a 127-word by 16-bit FIFO

are shown in Figure 6. Using the same technique, any FIFO

of (63m+1)-words by 4n-bits can be configured, where m is

the number of devices in a column and n is the number of

devices in a row. Figures 7 and 8 illustrate the timing dia

grams for serial data entry and extraction for the FIFO

shown in Figure 6. Figure 9 illustrates the final positions of

bits in an expanded 'F433 FIFO resulting from a 2032-bit

serial bit train.

Interlocking Circuitry—Most conventional FIFO designs

provide status signal analogous to IRF and ORE. However,

when these devices are operated in arrays, variations in

unit-to-unit operating speed require external gating to en

sure that all devices have completed an operation. The

'F433 incorporates simple but effective 'master/slave' inter

locking circuitry to eliminate the need for external gating.

In the 'F433 array of Figure 6, devices 1 and 5 are the row

masters; the other devices are slaves to the master in their

rows. No slave in a given rowjnitializes its input register until

it has received a LOW on its IES input from a row master or

a slave of higher priority.

Similarly, the ORE outputs of slaves do not go HIGH until

their inputs have gone HIGH. This interlocking scheme en

sures that_new input data may be accepted by the array

when the IRF output of the final slave in that row goes HIGH

and that output data for the array may be extracted when

the ORE output of the final slave in the output row goes

HIGH.

The row master is established by connecting its TES input to

ground, while a slave receives its IES input from the IRF

output of the next-higher priority device. When an array of

'F433 FIFOs is initialized with a HIGH on the MR inputs of

all devices, the IRF outputs of all devices areJHIGH. Thus,

only the row master receives a LOW on the IES input during

initialization.

Figure 10 is a conceptual logic diagram of the internal ^ir-

cuitry that determines master/slave operation. When MR

and IE§ are LOW, the master latch is set. When TTS goes

LOW, the initialization flip-flop is set. If the master latch is

HIGH, the input register is immediately initialized and the

initialization flip-flop reset. If the master latch is reset, the

input register is not initialized until IES goes LOW. In array

operation, activating TTS initiates a ripple input register ini

tialization from the row master to the last slave.

A similar operation takes place for the output register. Either

a TOS or TOP input initiates a load-from-stack operation

and sets the ORE request flip-flop. If the master latch is set,

the last output register flip-flop is set and the ORE line goes

HIGH. If the master latch is reset, the ORE output is LOW

until a Serial Output Enable (OES) input is received.

PARALLEL DATA INPUT

ORE Of- —►
DATA

READY

FIGURE 5. A Horizontal Expansion Scheme
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Functional Description (continued)

PARALLEL DATA INPUT

SERIAL DATA INPUT

TL/F/9544-10

FIGURE 6. A 127 x 16 FIFO Array

DEVICE 4/tTS ALL DEVICES

l~

IRF

I 1 I » I » I 4 | . I « I 7 | I | . | .. | .. | « | ■» | U | ,.

STORED IN

DEVICE 1

STORED IN

DEVICE 2

STORED IN

DEVICE 3

STORED IN

DEVICE 4

FIGURE 7. Serial Data Entry for Array of Figure 6

4-380



Functional Description (continued)

ORE

ORE

ORE

DEVICE 8, TOS ALL DEVICES

ORE

SERIAL DATA OUTPUT

Qo 1 Qi 1 Q2 I Q3 I Qo I Qi I Q21 Q3 I Qo I Qi I Q2 I Q3 I Qo I Qi I Q2 I Q3

DEVICE 5 DEVICE 6 DEVICE 7 DEVICE 8

FIGURE 8. Serial Data Extraction for Array of Figure 6

CO

SERIAL D

INPUT °S ,
D1 D0 fc, D3 °2 D1 D0
II ^ I I I I

T
B2031B2030B2029B2028 B2027B2026B2023B2024

Til
D, D0 D, Do

B2023B2022B2021B2020

T433

B6 B5 B4

3 ^ , o

I I I I

B10

I I I I ■ TT1 1 '

T433

Bt5 BU B13 B12

Q3 Q2 Q, Qo Q3 Q2 0, Q0 Q3 Qj Q, Q0
I Tl I I

SERIAL

OUTPUT

Q3 Q2 Q, Qo

FIGURE 9. Final Position of a 2032-Bit Serial Input

INPUT REG—STACK-

(DERIVED FROM TTS) REQUEST

INT1AUZAT10N

FUP-FLOP

LOAD OUTPUT (DERIVED FROM TOP AND TOS)

TOP-

tos-

^ INITIALIZE

(SEE FIGURE 1)

FIGURE 10. Conceptual Diagram, Interlocking Circuitry
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Absolute Maximum Ratings (NoteD
If Military/Aerospace specified devices are requlre<

contact the National Semiconductor Sales Office

Distributors for availability and specifications.

Storage Temperature - 65°C to +150°

Ambient Temperature under Bias - 55°C to +125°

Junction Temperature under Bias - 558C to +175°

VCc Pin Potential to

Ground Pin -0.5V to +7.0

Input Voltage (Note 2) - 0.5V to + 7.0

Input Current (Note 2) -30 mA to + 5.0 m

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to Vc

TRI-STATE Output -0.5V to + 5.5

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (m/

Note 1: Absolute maximum ratings are values beyond which the device m

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

'bvi

IlL

lOZH

•OZL

•os

ICEX

ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F 5% Vcc

74F5%VCc

Output LOW 54F 10% Vcc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Recommended Of

J> Conditions
1 Free Air Ambient Temperature

Military

C Commercial

c Supply Voltage
C Military

Commercial

V

V

A

C

V

\)

ay

er

54F/74F

Mln Typ Max

2.0

0.8

-1.5

2.4

2.4

2.4

2.4

2.7

2.7

0.50

0.50

20

100

-0.4

50

-50

-20 -130

250

150 215

Units

V

V

V

V

V

fiA

,iA

mA

pA

pA

mA

fxA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

aerating

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N= -18 mA

lOH = 400fAA(ORE,lRF)

lOH = 5.7mA(Qn,Qs)

lOH = 400 jmA (ORE, IRF)

lOH = 5.7mA(Qn,Qs)

Iqh = 400 jaA (ORE, IRF)

lOH = 5.7mA(Qn,Qs)

lOL = 8mA(ORE,]RF)

Iol = 16mA(Qn,Qs)

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V

VOUT = 2.7V(Qn,Qs)

VOUT = 0.5V(Qn,Q3)

V0UT = 0V

VoUT = Vcc
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpHL

tPLH

tpi_H

tpHL

tPLH

tpHL

tpHL

tpHL

tPLH

*PLH

tPHL

tPLH

tPLH

tPLH

tPHL

tPLH

tpZH

tpZL

tpHZ

tpLZ

tpZH

*PZL

tpHZ

tpLZ

tpZH

tpZL

tDFT

tAP

tAS

Parameter

Propagation Delay, Negative-Going

CPSI to IRF Output

Propagation Delay,

Negative-Going TTS to IRF

Propagation Delay, Negative-

Going CPSO to Qs Output

Propagation Delay, Positive-

Going TOP to Q0-Q3 Outputs

Propagation Delay,

Negative-Going CPSO to ORE

Propagation Delay,

Negative-Going TOP to ORE

Propagation Delay, Positive-Going

TOP to ORE

Propagation Delay, Negative-Going

TOS to Positive-Going ORE

Propagation Delay, Positive-

Going PL to Negative-Going IRF

Propagation Delay, Negative-

Going PL to Positive-Going IRF

Propagation Delay,

Positive-Going OES to ORE

Propagation Delay Positive-lRF

Going lES to Positive-Going

Propagation Delay

MR to ORE

Propagation Delay

MR to IRF

Enable Time

OE to Q0-Q3

Disable Time

OE to Q0-Q3

Enable Time

Negative-Going OES to Qs

Disable Time

Negative-Going OES to Qs

Enable Time

TOStoQs

Fall-Through Time

Parallel Appearance Time

OREtoQ0-Q3

Serial Appearance Time

OREtoQs

74F

TA = +25°C

VCc= +5.0V

CL = 50 pF

Mln Max

2.0 17.0

9.0 34.0

4.0 25.0

5.0 20.0

8.0 35.0

7.0 30.0

7.0 25.0

6.0 26.0

13.0 48.0

13.0 45.0

4.0 22.0

7.0 31.0

9.0 38.0

5.0 25.0

7.0 28.0

5.0 27.0

1.0 16.0

1.0 14.0

1.0 10.0

1.0 23.0

1.0 10.0

1.0 14.0

1.0 10.0

1.0 14.0

1.0 35.0

1.0 35.0

0.2 0.9

-20.0 -2.0

-20.0 5.0

54F

TA, VCc = Mil

CL = 50 pF

Min Max

74F

TA»VCc = Com

CL=50pF

Mln Max

2.0 18.0

8.0 38.0

3.0 27.0

5.0 21.0

7.0 38.0

7.0 32.0

6.0 28.0

6.0 28.0

12.0 51.0

12.0 50.0

4.0 23.0

6.0 35.0

8.0 44.0

5.0 27.0

7.0 31.0

5.0 30.0

1.0 18.0

1.0 16.0

1.0 12.0

1.0 30.0

1.0 12.0

1.0 15.0

1.0 12.0

1.0 16.0

1.0 42.0

1.0 39.0

0.2 1.0

-20.0 -2.0

-20.0 5.0

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig
No

433-a,b

433-c,d

433-e

433-c,d

433-e

433-c,d

433-g,h

433-h

433-f

&
00
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AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

ts(L)

ts(L)

ts(L)

ts(L)

ts(H)

ts(L)

th(H)

th(L)

tw(H)

tw(L)

tw(H)

tw(U

tw(L)

tw(H)

tw(U

tw(H)

tw(L)

tree

Parameter

Setup Time, HIGH or LOW

Ds to Negative CPSl

Hold Time, HIGH or LOW

Ds to CPSl

Setup Time, LOW TfS to

IRF, Serial or Parallel Mode

Setup Time, LOW Negative-Going

URE to Negative-Going TOS

Setup Time, LOW Negative-

Going IES to CPSf

Setup Time, LOW Negative-

Going TTS to CPSl

Setup Time, HIGH or LOW

Parallel Inputs to PL

Hold Time, HIGH or LOW

Parallel Inputs to PL

CPSl Pulse Width

HIGH or LOW

PL Pulse Width, HIGH

ITS Pulse Width, LOW

Serial or Parallel Mode

MR Pulse Width, LOW

TOP Pulse Width

HIGH or LOW

CP§0 Pulse Width

HIGH or LOW

Recovery Time

MR to Any Input

74F

TA= +25°C

VCc = +5.0V

Mln Max

7.0

7.0

2.0

2.0

0.0

0.0

8.0

30.0

0.0

0.0

4.0

4.0

10.0

5.0

7.0

7.0

7.0

14.0

7.0

14.0

7.0

8.0

54F

Ta,VCc = MH

Mln Max

74F

Ta. VCc = Com

Min Max

7.0

7.0

2.0

2.0

0.0

0.0

9.0

33.0

0.0

0.0

4.0

4.0

11.0

6.0

9.0

9.0

9.0

16.0

7.0

16.0

7.0

15.0

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

433-a,b

433-a,b,g,h

433-c,d

433-b

433-a,b

433-g,h

433-a,b,c,d

433-f

433-e

433-c,d

433-f
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Timing Waveforms

** '///////l//l////k > ////////

ts=o-

ITS

Conditions: Stack not full, MS, PL LOW

-1.5V

FIGURE 433-a. Seriai Input, Unexpanded or Master Operation

ils

CPSI

TTS

\1.5V

Conditions: Stack not full, IES HIGH when initiated, PL LOW

FIGURE 433-b. Serial Input, Expanded Slave Operation

= 0-

ORE

TOS

Conditions: Data in stack, TOP HIGH, IIS LOW when initiated, 5ES LOW

FIGURE 433-c. Serial Output, Unexpanded or Master Operation
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Timing Waveforms (continued)

OES

CPSO

A - 1.5V

W-1

th=o

-1.5V

1.5V

ORE

TOS

-3r- 1.5V

1.5V

Conditions: Data in stack. TOP HIGH. US HIGH when initiated

FIGURE 433-d. Serial Output, Slave Operation

TL/F/9544-18

TOP

ORE

Q0-Q3 NEW OUTPUT

Conditions: US LOW when initiated. QE. CPSO LOW; data available in stack

FIGURE 433-e. Parallel Output, 4-Bit Word or Master in Parallel Expansion

TL/F/9544-19

MR

PL

-1.5V

Q0-Q3

Conditions: TT§ connected to IMF. TOS connected to OR1.1E5. OES. 01. CPSO LOW, TOP HIGH

FIGURE 433-f. Fall Through Time

TL/F/9544-20
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Timing Waveforms (continued)

Conditions: Stack not full, IES LOW when initialized

FIGURE 433-g. Parallel Load Mode, 4-Bit Word (Unexpanded) or Master in Parallel Expansion

PL

IES

IRF

TTS

1.5V STABLE 1.5V-

1.5V

J

— t.

f"

PLH

Conditions: Stack not full, device initialized (Note 1) with I^S HIGH

FIGURE 433-h. Parallel Load, Slave Mode

Note 1: Initialization requires a master reset to occur after power has been applied.

Note 2: TTS normally connected to IrF.

Note 3: If stack is full, IRF will stay LOW.

TL/F/9544-22
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National

Semiconductor

54F/74F521

8-Bit Identity Comparator

General Description
The 'F521 is an expandable 8-bit comparator. It compares

two words of up to eight bits each and provides a LOW

output when the two words match bit for bit. The expansion

input Ia=b also serves as an active LOW enable input.

Features
■ Compares two 8-bit words in 6.5 ns typ

■ Expandable to any word length

■ 20-pin package

Ordering Code: see section 5

Logic Symbols

I I I I I I I I I I I I I I I I

Connection Diagrams

Pin Assignment

for DIP, SOIC and Flatpak

A7 B6 A« B5 A5 B4 A4 B3 A3 B2 A2 B, A,

■a=b

Ao

At—

A3—
A4—

A7—

B1—

B2—

B4—

B7—

IEEE/IEC

COMP

G1 >

°1

7

0"

7.

P

1P=Q

Q

A=B"

Ao"

B0~

A1~

B1"

A2-

B2-

A3—

B3-

GND-

1

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

UA=B

-A7

Pin Assignment

forLCCandPCC

A3 *i h. B1 Ai
[&} 13 HI GO B

°A=B

03 OH El Ezl Ei

B5 Ae B6 A; Bj
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Unit Loading/Fan Out: See Section 2 for U.L. definitions

Pin Names

A0-A7

B0-B7

Ta-b
Oa=b

Description

Word A Inputs

Word B Inputs

Expansion or Enable Input (Active LOW)

Identity Output (Active LOW)

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

Input I,h/Iil

Output Ioh/Iol

20 /utA/ -0.6 mA

20jutA/-0.6mA

20 ixA/ -0.6 mA

-1 mA/20mA

Truth Table

lA = B

L

L

H

H

Inputs

A,B

A= B*

A=*=B

A = B*

A=*B

Output

oa = b H = HIGH Voltage Level

L = LOW Voltage Level

•Ao = Bo, A, = B,, A2 = B2, etc.

Logic Diagram

Bo ^X

. >

.—>

.—1>

1>
'A=B '

TL/F/9545-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ c A. A .. . T .
D.s.r1bu«orsforava,.ab..^andVec.«ca«ons. Free^rAmb.ont Temperature _^^

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias -55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

•bvi

IlL

los

•CEX

'CCH

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% Vcc

Output LOW 54F10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

21 32

Units

V

V

V

V

V

,iA

,*A

mA

mA

,*A

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'lN = -18 mA

ooo IIIIII IIIIII
Iol = 20 mA

IO|_ = 20 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 0V

VOUT = Vcc

Vo = HIGH
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA = +25°C

VCc= +5.0V

CL = 50pF

Typ Max

54F

CL = 50 pF

Min Max

74F

TA, VCc = Com

CL = 50 pF

Mln Max

Units
Fig

No

tpi_H

tpHL

Propagation Delay

AnorBntoUA=B

3.0

4.5

7.0

7.0

10.0

10.0

3.0

4.0

14.0

15.0

3.0

4.0

11.0

11.0
ns 2-3

tpLH Propagation Delay

IA=BtoOA=B

3.0

3.5

5.0

6.5

6.5

9.0

3.0

3.5

8.5

13.5

3.0

3.5

7.5

10.0
2-3

Applications

ENABLE

LOW

Ripple Expansion

Bo A7 B7 A8 B8 A15B15

I--II 11 11

'A=B

Ft1!1

A16B16 A23B23

'A=B

Parallel Expansion

Ao Bo A7 B7 A8 B8 A15B15 A16B16

I I I I I 1 1 I I I I I

<A=B

<>A=B °A=B
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National
Semiconductor

54F/74F524

8-Bit Registered Comparator

General Description
The 'F524 is an 8-bit bidirectional register with parallel input

and output plus serial input and output progressing from

LSB to MSB. All data inputs, serial and parallel, are loaded

by the rising edge of the input clock. The device functions

are controlled by two control lines (So, S-|) to execute shift,

load, hold and read out.

An 8-bit comparator examines the data stored in the regis

ters and on the data bus. Three true-HIGH, open-collector

outputs representing 'register equal to bus', 'register greater

than bus' and 'register less than bus' are provided. These

outputs can be disabled to the OFF state by the use of

Status Enable (SE). A mode control has also been provided

to allow twos complement as well as magnitude compare.

Linking inputs are provided for expansion to longer words.

Features
■ 8-Bit bidirectional register with bus-oriented input-output

■ Independent serial input-output to register

■ Register bus comparator with 'equal to', 'greater than'

and 'less than' outputs

■ Cascadable in groups of eight bits

■ Open-collector comparator outputs for AND-wired

expansion

■ Twos complement or magnitude compare

Ordering Code: see section 5

Logic Symbols

-OSE

I I

So

I/O8 l/04 I/O, I/Oj l/0, I/O0

C/SO

IEEE/IEC

1,5,6,70=1/0 &

-C/SO

-LT

-GT

-EQ

Connection Diagrams

Pin Assignment for

DIP,SOICandFlatpak

Pin Assignment

forLCCandPCC

s0-

/oo-

1/0,-

/o2-

/03-

/04-

1/05-

i/o6-

1/07-

GND-

1

2

3

4

3

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

"Si

-SE

-C/SI

-C/SO

-LT

-M GTEQC/S0C/3SE
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

SO.S!

C/SI

CP

SE

M

I/O0-I/O7

C/SO

LT

EQ

GT

Description

Mode Select Inputs

Status Priority or Serial Data Input

Clock Pulse Input (Active Rising Edge)

Status Enable Input (Active LOW)

Compare Mode Select Input

Parallel Data Inputs or

TRI-STATE® Parallel Data Outputs

Status Priority or Serial Data Output

Register Less Than Bus Output

Register Equal Bus Output

Register Greater Than Bus Output

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

3.5/1.083

150/40(33.3)

50/33.3

OCV33.3

OCV33.3

OCV33.3

Input I|H/I|l
Output Ioh/'ol

20/LtA/-0.6 mA

20/utA/-0.6 mA

20/xA/-0.6 mA

20 jaA/-0.6 mA

20juiA/-0.6mA

70/xA/-0.65 mA

-3mA/24mA(20mA)

-1 mA/20mA

V20 mA

*/20 mA

V20 mA

*OC = Open Collector

Functional Description

The 'F524 contains eight D-type flip-flops connected as a

shift register with provision for either parallel or serial load

ing. Parallel data may be read from or loaded into the regis

ters via the data bus l/O0-l/O7. Serial data is entered from

the C/SI input and may be shifted into the register and out

through the C/SO output. Both parallel and serial data entry

occur on the rising edge of the input clock (CP). The opera

tion of the shift register is controlled by two signals Sq and

S-i according to the Select Truth Table. The TRI-STATE par

allel output buffers are enabled only in the Read mode.

One port of an 8-bit comparator is attached to the data bus

while the other port is tied to the outputs of the internal

register. Three active-OFF, open-collector outputs indicate

whether the contents held in the shift register are 'greater

than1, (GT), 'less than' (LT), or 'equal to1 (EQ) the_data on

the input bus. A HIGH signal on the Status Enable (SE) input

disables these outputs to the OFF state. A mode control

input (M) allows selection between a straightforward magni

tude compare or a comparison between twos complement

numbers.

For 'greater than1 or 'less than* detection, the C/SI input

must be held HIGH, as indicated in the Status Truth Table.

The internal logic is arranged such that a LOW signal on the

C/SI input disables the 'greater than' and 'less than' out

puts. The C/SO output will be forced HIGH if the 'equal to1

status condition exists, otherwise C/SO will be held LOW.

These facilities enable the 'F524 to be cascaded for word

length greater than eight bits.

Word length expansion (in groups of eight bits) can be

achieved by connecting the C/SO output of the more signifi

cant byte to the C/SMnput of the next less significant byte

and also to its own SE input (see Figure 1). The C/SI input

of the most significant device is held HIGH while the SE

input of the least significant device is held LOW. The corre

sponding status outputs are AND-wired together. In the

case of twos complement number compare, only the Mode

input to the most significant device should be HIGH. The

Mode inputs to all other cascaded devices are held LOW.

Suppose that an inequality condition is detected in the most

significant device. Assuming that the byte stored in the reg

ister is greater than the byte on the data bus, the EQ and LT

outputs will be pulled LOW and the GT output will float

HIGH. Also the C/SO output of the most significant device

will be forced LOW, disabling the subsequent devices but

enabling its own status outputs. The correct status condition

is thus indicated. The same applies if the registered byte is

less than the data byte, only in this case the EQ and GT

outputs go LOW and LT output floats HIGH.

If an equality condition is detected in the most significant

device, its C/SO output is forced HIGH. This enables the

next less significant device and also disables its own status

outputs. In this way, the status output priority is handed

down to the next less significant device which now effec

tively becomes the most significant byte. The worst case

propagation delay for a compare operation involving 'n' cas

caded 'F524s will be when an equality condition is detected

in all but the least significant byte. In this case, the status

priority has to ripple all the way down the chain before the

correct status output is established. Typically, this will take

35 + 6(n-2) ns.

Select Truth Table

So

L

L

H

H

Si

L

H

L

H

Operation

Hold—Retains Data in Shift Register

Read—Read Contents in Register onto

Data Bus, Data Remains in

Register Unaffected by Clock

Shift—Allows Serial Shifting on Next

Rising Clock Edge

Load—Load Data on Bus

into Register
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CM

Functional Description (continued)

Number Representation Select Table

M

L

H

Operation

Magnitude Compare

Twos Complement Compare

Status Truth Tabie

(Hold Mode)

Inputs

SE

H

H

L

L

L

L

L

L

C/SI

H

L

L

L

L

H

H

H

Data Comparison

X

X

Oa-Oh > I/O0-I/O7

Oa-Oh = I/O0-I/O7

OA-OH < I/O0-I/O7

OA-OH > I/O0-I/O7

Oa-Oh = l/O0-l/O7

Oa-Oh < I/O0-I/O7

Outputs

EQ

H

H

L

H

L

L

H

L

GT

r-r-XXXXXX
LT

H

H

H

H

H

L

L

H

C/SO

1

L

L

L

L

L

H

L

1 = HIGH if data are equal, otherwise LOW

H = HIGH Voltage Level

L = LOW Votlage Level

X = Immaterial

GREATER THAN

H=TWO'S COMPLEMENT

L=MAGNITUDE

EQUAL TO

LESS THAN

M GT EQ LT

SE

C/SO

1/0

C/SI

s0

GT EQ LT

SE

C/SI

s0 st

C/SO

1/0

M GT EQ LT_

SE

C/SI

so I/O

MSB

FIGURE 1. Cascading 'F524s for Comparing Longer Words

LSB
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Block

l/02

s0 —

Si —

Diagram

<\

Notes:

1. TRI-STATE <

2. Open-Collec

Dutput

tor Output

<1

<1

<\
XJ

" A 0A

- B 0B

- C 8-BIT qc
SHIFT C

" D REGISTER °D

" E 0E

- G ° ^ 0G

2 TO

DECO! IE

HOLD

SHIFT

READ

t

1

-1L>

_)

-iL>

Ao

A1

A2

A3

A4

A5

*■ I
B0 |
B1

B7
LT EQ GT

L
--"Ufa"

_

A

B MUX

S

V^ GT

c/so

TL/F/8546-5
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c^AirAmhi.n.T^n^,,.
D.8«ribu«ors for avaHab...* and sped.ca«on,. Free^rAmb,ent Temperature ^^+^

Storage Temperature - 65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOL (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

>IH

•bvi

•bvit

IlL

I|H + IOZH

IlL + 'OZL

'OS

ICEX

•OHC

ICCH

'CCL

•ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%Vcc

Voltage 54F10%Vcc

74F10%VCc

74F10%VCc

74F5%VCc

74F 5% VCc

Output LOW 54F10% VCc

Voltage 74F10%VCc

74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Open Collector, Output

OFF Leakage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

0.5

20

100

1.0

-0.6

70

-650

-60 -150

250

250

128 180

128 180

128 180

Units

V

V

V

V

V

jxA

mA

mA

,tA

,iA

mA

,*A

jttA

mA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

Min

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

llN = —18 mA

Ioh = -1 mA

Ioh = -3 mA

•oh = -1 mA

Ioh = -3 mA

Ioh = -1 mA

Ioh = -3 mA

IOL = 20 mA (I/Op)

Iol = 20 mA (I/On)

Iql = 24 mA (LT, GT, EQ, C/SO)

V,N = 2.7^

V,N = 7.0V

V|N = 5.5V

V|N = 0.5V

V,/0 = 2.7V

V|/o = 0.5V

Vqut = 0V

VOUT = Vcc

VOUT = Vcc

V0 = HIGH

Vo = LOW

V0 = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tPLH

tpHL

tPLH

tpHL

tPLH

tPLH

tpHL

tPLH

tpHL

tPLH
tpHL

tPLH

tpHL

tpLH

tPLH

tpHL

tPLH

tpHL

tPLH

tpHL

tPLH

*PLH

tpHL

tpLH

tpHL

tPLH

tpHL

tPLH

tpHL

tPLH

tpHL

tPLH

tpHL

tPLH

tpHL

tPLH

*PHL

tPLH

tPHL

tpZL

tpHZ

tpLZ

Parameter

Maximum Shift Frequency

Propagation Delay

I/On to EQ

Propagation Delay

I/On to GT

Propagation Delay

I/On to LT

Propagation Delay

i/OntoC/SO

Propagation Delay

CPtoEQ

Propagation Delay

CPtoGT

Propagation Delay

CPtoLT

Propagation Delay

CP to C/SO (Load)

Propagation Delay

CP to C/SO (Serial Shift)

Propagation Delay

C/SI to GT

Propagation Delay

C/SI to LT

Propagation Delay

So, Si to C/SO

Propagation Delay

SEtoEQ

Propagation Delay

SEtoGT

Propagation Delay

SEtoLT

Propagation Delay

C/SI to C/SO

Propagation Delay

MtoGT

Propagation Delay

MtoLT

Propagation Delay

So, Si to EQ

Propagation Delay

So, Si to GT

Propagation Delay

So, S-i to LT

Output Enable Time

Output Disable Time

So, Si to I/On

Vcc

Min

50

9.0

5.0

8.5

6.5

7.0

4.5

8.0

6.0

10.0

4.0

10.0

8.5

9.0

5.5

8.5

5.0

4.5

9.0

3.0

6.5

5.5

3.5

2.5

6.5

3.5

5.0

3.5

4.0

4.0

8.0

6.0

8.0

4.5

15.0

9.0

10.5

10.5

13.0

12.0

4.5

5.5

3.5

4.5

74F

= +25°C

= +5.0V

= 50pF

Typ

75

16.5

9.5

14.1

13.0

15.5

10.0

15.2

12.5

20.0

8.5

16.5

17.0

20.0

13.5

16.5

10.0

9.0

15.0

6.5

15.5

6.5

11.5

14.0

8.0

6.0

12.5

6.0

10.5

6.0

8.5

8.5

15.0

12.0

17.0

9.5

25.0

15.0

18.0

18.0

22.0

19.0

10.0

11.0

8.0

9.6

Max

20.0

12.0

19.0

16.5

20.0

14.0

19.5

16.0

25.0

16.5

21.0

22.0

25.0

17.0

21.0

13.0

11.5

19.0

8.5

20.0

8.5

14.5

18.0

10.5

8.0

16.0

8.0

13.5

8.0

11.0

11.0

19.5

15.5

22.0

12.0

33.0

19.0

23.0

23.0

28.0

24.0

13.0

15.0

12.0

12.5

54F

CL=C50pF

Min Max

74F

Tap VCc = Com

CL = 50 pF

Min

50

9.0

5.0

8.5

6.5

7.0

4.5

8.0

6.0

10.0

4.0

10.0

8.5

9.0

5.5

8.5

5.0

4.5

9.0

3.0

6.5

5.5

3.5

2.5

6.5

3.5

5.0

3.5

4.0

4.0

8.0

6.0

8.0

4.5

15.0

9.0

10.5

10.5

13.0

12.0

4.5

5.5

3.5

4.5

Max

21.0

13.0

20.0

17.5

21.0

15.0

20.5

17.0

26.0

17.5

22.0

23.0

26.0

18.0

22.0

14.0

12.5

20.0

9.5

21.0

9.5

15.5

19.0

11.5

9.0

17.0

9.0

14.5

9.0

12.0

12.0

20.5

16.5

23.0

13.0

35.0

20.0

24.0

24.0

30.0

25.0

14.0

16.0

13.0

13.5

Units

MHz

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-5
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AC Operating Requirements: see section 2 tor waveforms

Symbol

ts(H)

ts(L)

th(H)

th(D

ts(H)

ts(L)

th(H)

th(U

ts(H)

ts(L)

th(H)

th(L)

W(H)

Parameter

Setup Time, HIGH or LOW

I/On to CP

Hold Time, HIGH or LOW

I/On to CP

Setup Time, HIGH or LOW

So or Si to CP

Hold Time, HIGH or LOW

So or Si to CP

Setup Time, HIGH or LOW

C/SltoCP

Hold Time, HIGH or LOW

C/SltoCP

Clock Pulse Width, HIGH

74F

TA= +25°C

VCc= +5.0V

MIn Max

6.0

6.0

0

0

10.0

10.0

0

0

7.0

7.0

0

0

5.0

54F

TA,Vcc = MII

Min Max

74F

Ta» VCc = Com

Min Max

6.0

6.0

0

0

10.0

10.0

0

0

7.0

7.0

0

0

5.0

Units

ns

ns

ns

ns

Fig

No

2-6

2-6

2-6

2-4
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National
Semiconductor

54F/74F525

Programmable Counter

General Description
The 'F525 is a multi-function 28-pin device. It consists of a

16-bit count-down counter, logic to control the counter, logic

to control the state of the outputs and a PLA to decode the

particular function selected by the user. The list of high

speed timing applications include:

01

Features
■ Baud rate generator

■ Digitally programmed monostable

■ Variable system frequency generator

■ Digital filter variable sampling rate

■ 16-bit data path

■ External trigger

■ Extremely accurate one shot w/pulse widths from

50 ns to 3.27 ms @CP = 40 MHz

Ordering Code: see section 5

Logic Symbol

—

_

—

-0

—

1

M0 °°C

M2

XTR

WE

CP

MR

1 1 1 1 1
1 °2 D3 D4 D5 D6

XTAL

1 1 1 1 1 1 1 1 1
&7 D8 D9 D10D11D12D13D14D15

Q Q/2

Connection Diagrams

Pin Assignment

DIP, SOIC and Flatpak

Q/2-

Q-

XTR-

D0-

D1~

D2-

D3-

D4-

D5-

D6-

D5"
WE-

XTAL-

GND-

1

2

3

4

5

6

7

8

9

10

11

12

13

14

28

27

26

25

24

23

22

21

20

19

18

17

16

15

-M,

-Dt,

-D12

-D9

-CP

Pin Assignment

forLCCandPCC

Dy D6 D5 D4 D3 D2 Dt

EH Ql QQ 111 [9] m d]

4-399



Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

Q

Q/2

M0-M2

MR

CP

D0-D15

WE

XTR

XTAL

Description

Ouput (Primarily indicates when

the counter has reached zero)

Output (Divides Q by 2)

Status Inputs

Master Reset

Clock Pulse

Data Inputs

Write Enable Input

External Trigger Input

Crystal Output

54F/74F

U.L.

HIGH/LOW

50/33.3

50/33.3

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

Input I|H/Iil

Output Ioh/Iol

-1 mA/20 mA

-1 mA/20 mA

20 fiA/ -0.6 mA

20 juiA/ -0.6 mA

20 jmA/-0.6 mA

20 jxA/ -0.6 mA

20 juiA/ -0.6 mA

20 jiA/ -0.6 mA

20/utA/-0.6 mA

Functional Description
The multi-function aspect of the device consists of eight

different modes of operation. An explanation of the opera

tion of the device in each of the modes follows. However,

there is one operation that is independent of the selected

mode: the loading of data. Data is latched into a set of data

latches when WE is brought from a LOW to a HIGH state.

The latches are transparent when WE is held LOW.

Operation Notes:

1. Device should be reset before operation.

2. The XTR input acts as a select line for the clock.

3. With XTR low, the clock goes into the counter.

4. With XTR high, the clock loads the counter.

5. In mode 4 and 5, during counting, the counter cannot be

reloaded. XTR high freezes the count.

6. Mode 7 is the only auto-reload mode, all other modes

require and XTR pulse to begin.

7. Loading 0 into the latches idles the device.

MODE 0: Interval Timer with Level Output

While XTR is HIGH, the data in the data latches is loaded

into the counter upon the next positive edge of CP. The

negative edge of XTR enables the count-down to begin with

the next positive edge of CP. When the count reaches zero,

Q, normally LOW, is brought HIGH and Q/2 toggles state.

Taking XTR HIGH at any time enables the data in the data

latches to be loaded into the counter on the rising edge of

CP and clears Q. See Figure 1.

MODE 1: Interval Timer with Inverted Level Output

The operation is exactly the same as in Mode 0 except that

Q is normally HIGH and goes LOW when the count reaches

zero. Q/2 toggles on the negative-edge of Q. See Figure 1.

MODE 2: Interval Timer with Pulse Output

While XTR is HIGH, the data in the data latches is loaded

into the counter upon the next positive edge of CP. The

negative edge of XTR enables the count-down to begin with

the next positive edge of CP. When the count reaches

zero, Q, normally LOW, is brought HIGH for a single period

of CP. Q/2 toggles state on the positive edge of Q. Taking

XTR HIGH at any time causes the data in the data latches

to be loaded into the counter on the rising edge of CP and

clears Q. See Figure 2.

MODE 3: Interval Timer with Inverted Pulse Output

The operation is exactly the same as in Mode 2 except that

Q is normally HIGH and goes LOW for a single period of CP.

Q/2 toggles on the negative edge of Q. See Figure 2.

Function Table

M2

0

0

0

0

1

1

1

1

Ml

0

0

1

1

0

0

1

1

M0

0

1

0

1

0

1

0

1

Function

ModeO

Model

Mode 2

Mode 3

Mode 4

Mode 5

Mode 6

Mode 7

MODE 4: Interval Timer, Pulse Output with Count Hold

While XTR is HIGH, the data in the data latches is loaded

into the counter upon the next positive edge of CP. The

negative edge of XTR enables the count-down to begin with

the next positive edge of CP. When the count reaches zero,

Q, normally low, is brought HIGH for a single period of CP.

Q/2 toggles state on the positive edge of Q. Taking XTR

HIGH before the counters reach zero, stops the count-down

from the point where it was held. Data cannot be reloaded

into the counter until a count of zero is reached. See Figure

3.

MODE 5: Interval Timer, Inverted Pulse Output with

Count Hold

The operation is exactly the same as Mode 4 except that Q

is normally HIGH and goes LOW for a single period of CP.

Q/2 toggles on the negative-edge of Q. See Figure 3.
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en

Functional Description (continued)
MODE 6: Retriggerable Synchronous One-Shot

When XTR is HIGH, the data in the data latches is loaded

into the counter upon the positive edge of CP. The negative

edge of XTR enables the count-down to begin with the next

positive edge of CP, wehre Q, normally LOW, is then

brought HIGH and the counter is decremented when the

count reaches zero, Q is brought LOW, and Q/2 is toggled.

Bringing XTR HIGH during the count-down will allow the

data in the data latches to be loaded into the counter with

the next positive edge of CP, but will not affect Q. See Fig

ure 4. NOTE that the pulse width of Q will be N-1 clock

cycles, where N is the number loaded into the counter.

N=1 should not be used as this may cause unpredictable

results.

Block Diagram

MR

MODE 7: Frequency Generator

When XTR is HIGH, the data in the data latches is loaded

into the counter upon the positive edge of CP. The negative

edge of XTR enables the count-down to begin with the next

positive edge of CP. When the count reaches zero, Q, nor

mally LOW, is brought HIGH for a single period of CP and

Q/2 is toggled. The same clock edge that brings Q HIGH,

also loads the data in the data latches into the counter. The

counter will start to count on the next positive edge of CP.

This mode will run continuously after an initial XTR until

stopped by MR. Taking XTR HIGH at any time causes the

data in the data latches to be loaded into the counter and Q

output to be cleared with the next positive edge of CP. See

Figure 5.

I I I I I I I I I I I I I I I I

TL/F/9547-4
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Timing Diagrams

©With XTR HIGH, the rising edge of CP loads data from the latches to the counter.

©With XTR LOW, the rising edge of CP begins count-down cycle.

(DWhen the count reaches zero, Q goes HIGH, and Q/2 toggles state.

©The next occurrence of XTR clears Q.

FIGURE 1. MODE 0 andMODE 1 (Inverse Output of Mode 0)

Mn = 000,001

TL/F/9547-5

r\

, ^xxxxxxxxxxxxxxxxxxxxxxxxxx yyyyyyyyyyyyyyyy

Q/2

©With XTR HIGH, the rising edge of CP loads data from the latches to the counter.

©With XTR LOW, the rising edge of CP begins the count-down cycle.

(DWhen the count reaches zero, Q goes HIGH for one period of CP, and Q/2 toggles state.

FIGURE 2. MODE 2 andMODE 3 (Inverse Output of Mode 2)

Mn = 010,011

TL/F/9547-6

CLK

XTR

"4" X DONT CARE

Q(4)

Q(5)

Q/2

FIGURE 3. MODE 4 and MODE 5

Mn = 100,101

©With XTR HIGH, the rising edge of CP loads data from the latches into the counter.

©With XTR LOW, the rising edge of CP begins the count-down.

<3>With XTR HIGH, during count-down, the rising edge of CP does nothing.

©When the count reaches zero, Q goes HIGH for one clock cycle and Q/2 toggles state.

Note: Once the count reaches zero, the counter can be reloaded with XTR HIGH.
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Timing Diagrams (continued)

XTR

TL/F/9547-8

FIGURE 4. MODE 6

Mn = 110

©With XTR HIGH, the rising edge of CP loads data from the latches to the counter.

©With XTR LOW, the rising edge of CP begins the count, and Q goes HIGH.

©When the count reaches zero, Q goes LOW, and Q/2 toggles state. Bringing XTR HIGH before count reaches zero will reload the counter, but not affect Q.

Notes:

Loading N = 0 halts counter; loading N = 1 will result in undefined operation.

Pulse width = (2/CP) • (N-1)

FIGURE 5. MODE 7

Mn=111

©With XTR HIGH, the rising edge of CP, loads data from the latches to the counter.

©On the falling edge of XTR, the rising edge of CP begins count-down.

©When count reaches zero, Q goes HIGH for one period of CP, and Q/2 toggles on the Q rising edge.

©On the rising edge of CP on which Q goes LOW, the counters are reloaded.

©Count-down begins again.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c^AirAmhi^T^n^^
Dl8WbU.or8forav.Habl..^and,pec.«ca,.on8. Free^rA^ent Temperature ^^^

Storage Temperature -65°Cto+150°C Commercial 0°Cto+70°C

Ambient Temperature under Bias -55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) - 0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

>IH

■bvi

IlL

los

'CEX

ICCH

'CCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 74F10%Vcc

74F 5% Vcc

Output LOW 54F 10% Vcc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

106 160

106 160

Units

V

V

V

V

V

jaA

HA

mA

mA

pA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N= -18 mA

IIIIII III IIIIol = 20 mA

IOL = 20 mA

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 0V

V0UT = Vcc

VO = HIGH

Vo = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpi_H

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

Parameter

Maximum Clock Frequency

Propagation Delay

CPtoQ

Propagation Delay

CPtoQ/2

Propagation Delay

XTRtoQ

Propagation Delay

MRtoQ

Propagation Delay

MRtoQ/2

Propagation Delay

MntoQ

74F

TA= + 25°C

VCc= +5.0V

CL = 50 pF

Mln Typ Max

50 60

9.0 16.0 20.5

8.0 12.0 15.5

9.0 15.5 20.0

10.0 15.5 20.0

8.5 12.0 15.5

6.0 10.5 13.5

11.5 16.5 21.0

9.0 12.5 16.0

8.0 14.0 17.5

7.0 10.5 13.5

10.0 15.0 19.0

10.5 17.0 21.5

54F

TA,Vcc = MII

CL=50pF

Mln Max

74F

TA, VCC = Com

CL = 50 pF

Mln Max

40

8.0 22.5

7.0 17.5

8.0 22.0

9.0 22.0

7.5 17.5

5.0 15.0

10.5 23.0

8.0 18.0

7.0 19.5

6.0 15.0

9.0 21.0

9.5 23.5

Units

MHz

ns

ns

ns

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-3

2-3

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

ts(H)

t8(D

th(H)

th(U

ts(H)

ts(L)

th(H)

ts(H)

ts(L)

tw(H)

tw(L)

UD

tw(H)

WU

tree

tree

Parameter

Setup Time, HIGH or LOW

DntoWl

Hold Time, HIGH or LOW

DntoWE

Setup Time, HIGH or LOW

DntoCP

Hold Time, HIGH or LOW

DntoCP

Setup Time, HIGH or LOW

XTRtoCP

Hold Time, HIGH or LOW

XTRtoCP

Setup Time, HIGH or LOW

Mode to CP

XTR Pulse Width, HIGH

MR Pulse Width, LOW

WE Pulse Width, LOW

CP Pulse Width

HIGH or LOW

Recovery Time

MRtoCP

Recovery Time

Mode to CP

74F

TA = +25°C

VCc = +5.0V

Mln Max

2.0

4.0

0

2.0

9.0

10.5

0

0

7.0

8.0

0

33.5

33.5

11.5

7.0

4.5

3.5

9.5

5.0

30.0

54F

TA,Vcc = MII

Min Max

74F

TA»VCc = Com

Min Max

2.5

4.5

0

2.5

10.0

12.0

0

0

8.0

9.0

0

35.5

35.5

13.0

8.0

5.0

4.0

10.5

6.0

32.0

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-6

2-6

2-6

2-6

2-6

2-4

2-4

2-4

2-4

2-6

2-6
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54F/74F533

Octal Transparent Latch with TRI-STATE® Outputs

General Description
The 'F533 consists of eight latches with TRI-STATE outputs

for bus organized system applications. The flip-flops appear

transparent to the data when Latch Enable (LE) is HIGH.

When LE is LOW, the data that meets the setup times is

latched. Data appears on the bus when the Output Enable

(OE) is LOW. When OE is HIGH the bus output is in the high

impedance state. The 'F533 is the same as the 'F373, ex

cept that the outputs are inverted.

Features
■ Eight latches in a single package

■ TRI-STATE outputs for bus interfacing

■ Inverted version of the 'F373

Ordering Code: see section 5

Logic Symbols Connection Diagrams

0E-*

LE

D2_

<h —

LE

OE

EN

C1

3

1D

|

IEEE/IEC

C

> V

MM

°0

°1

°2

°3

°4

°5

o6

°7

TL/F/8548-4

1 1
Dj D2 D3 D4 D5 Dg

Oj 02 03 04 05 06 07

Pin Assignment

forDIP,SOICandFlatpak

OE-

60-

Do-

Dt-

Oi™

02-
D2-

D3"

o3-

GND-

1

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

-Vee

-67

-06

-05

-D4

-LE

Pin Assignment

forLCCandPCC

D3 *2 02 0, D,
S LH QU HI E]

rvrrvrn
TL/F/9548-1

4-406



Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

D0-D7

LE

OE

O0-O7

Description

Data Inputs

Latch Enable Input (Active HIGH)

Output Enable Input (Active LOW)

Complementary TRI-STATE Outputs

54F/74F

U.L

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input Iih/Iil.

Output Ioh/'ol

20 fxA/-0.6 mA

20 jllA/-0.6 mA

20 jutA/- 0.6 mA

-3mA/24mA(20mA)

Function Table

LE

H

H

L

X

Inputs

OE

L

L

L

H

D

H

L

X

X

Output

6

L

H

Oo

Z

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Functional Description
The 'F533 contains eight D-type latches with TRI-STATE

output buffers. When the Latch Enable (LE) input is HIGH,

data on the Dn inputs enters the latches. In this condition

the latches are transparent, i.e., a latch output will change

state each time its D input changes. When LE is LOW, the

latches store the information that was present on the D in-

Logic Diagram

puts a setup time preceding the HIGH-to-LOW transition of

LE. TheJRI-STATE buffers are controlled by the Output

Enable (OE) input. When OE is LOW, the buffers are in the

bi-state mode. When OE is HIGH the buffers are in the high

impedance mode but this does not interfere with entering

new data into the latches.

'0 "1 "2 "3

U-iU-ilr-iL

°7
TL/F/9548-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c^ava^^t- «.«♦

Dtetrtbutors for availably and specif.cat.ons. "Ztery Temperature _55.c tQ +1 25.c
Storage Temperature -65°C to +150°C Commercial 0pC to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

llH

•bvi

IlL

'OZH

'OZL

'OS

'CEX

izz

iccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% Vqc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F 5% VCc

74F 5% VCc

Output LOW 54F10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

41 61

Units

V

V

V

V

V

ftA

pA

mA

pA

^A

mA

jiA

^lA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

llN = -18 mA

Ioh = -1 mA

'OH = -3 mA

IOh= -1 mA

•oh = -3 mA

•OH = ~1 mA

IOh= -3 mA

Iol = 20 mA

Iol = 24 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V

VoUT = 2.7V

V0UT = 0-5V

VouT = 0V

VoUT = Vcc

VOUT = Vcc

V0 = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tPLH

tpHL

tPLH

tpHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Propagation Delay

Dnto On

Propagation Delay

LEtoOn

Output Enable Time

Output Disable Time

74F

TA= +25°C

VCc = +5.0V

CL = 50 pF

Mln Typ Max

4.0 6.7 9.0

2.5 4.4 7.0

5.0 7.1 11.0

3.0 4.7 7.0

2.0 5.9 10.0

2.0 5.6 7.5

1.5 3.4 6.5

1.5 2.7 5.5

54F

TA,Vcc=MII

CL = 50pF

Mln Max

4.0 12.0

2.5 9.0

5.0 14.0

3.0 9.0

2.0 12.5

2.0 10.5

1.5 8.5

1.5 7.5

74F

Ta, Vqc = Com

CL = 50 pF

Min Max

4.0 10.0

2.5 8.0

5.0 13.0

3.0 8.0

2.0 11.0

2.0 8.5

1.5 7.0

1.5 6.5

Units

ns

ns

ns

ns

No

2-3

2-3

2-5

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

tw(H)

Parameter

Setup Time, HIGH or LOW

DntoLE

Hold Time, HIGH or LOW

DntoLE

LE Pulse Width, HIGH

74F

TA = +25°C

VCc= +5.0V

Mln Max

2.0

2.0

3.0

3.0

6.0

54F

Ta» VCc = Mil

Min Max

2.0

2.0

3.0

3.0

6.0

74F

Ta, VCc = Com

Min Max

2.0

2.0

3.0

3.0

6.0

Units

ns

ns

ns

Rg
No

2-6

2-6

2-4

8
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54F/74F534

Octal D-Type Flip-Flop with TRI-STATE® Outputs

General Description
The 'F534 is a high speed, low-power octal D-type flip-flop

featuring separate D-type inputs for each flip-flop and

TRI-STATE outputs for bus-oriented_applications. A buff

ered Clock (CP) and Output Enable (OE) are common to all

flip-flops. The 'F534 is the same as the 'F374 except that

the outputs are inverted.

Features
■ Edge-triggered D-type inputs

■ Buffered positive edge-triggered clock

■ TRI-STATE outputs for bus-oriented applications

Ordering Code: see section 5

Logic Symbols Connection Diagrams

i i

Pin Assignment for

DIP, SOIC and Flatpak

Do

CP

OE

V

0E-*

CP

Do—

Di —

D2 —

D3—

D4—

DS—

D7—

V

EN

>(

ID

D2 D3 D4

02 O3 04

vvv

IEEE/IEC

>

D5

O5

V

r
V

Dg Dy

o6 o7

vv
TL/F/9549-1

—oo

—°1

—02

—03

—04

—05

—o6

—07

TL/F/9549-5

OE—

Oo"
Do-

Dt-

Oi"

62-

D2-

D3"

O3-
GND-

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

Pin Assignment

for LCC and PCC

D3 Dz 02 6, D,

\E H] E H] El

-67

-D7

-05

-D4

-64
-CP

D5 65 06 D6

TL/F/9549-3

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

D0-D7

CP

OE

O0-O7

Description

Data Inputs

Clock Pulse Input (Active Rising Edge)

TRI-STATE Output Enable Input (Active LOW)

Complementary TRI-STATE Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input I,h/I|l

Output Ioh/Iol

20 fxA/-0.6 mA

20 11A/ -0.6 mA

20 jaA/-0.6 mA

-3mA/24mA(20mA)
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Functional Description
The 'F534 consists of eight edge-triggered flip-flops with in

dividual D-type inputs and TRI-STATE complementary out

puts. The buffered clock and buffered Output Enable are

common to all flip-flops. The eight flip-flops will store the

state of their individual D inputs that meet the setup and

hold times requirements on the LOW-to-HIGH clock (CP)

transition. With the Output Enable (OE) LOW, the contents

of the eight flip-flops are available at the outputs. When the

OE is HIGH, the jDutputs go to the high impedance state.

Operation of the OE input does not affect the state of the

flip-flops.

Logic Diagram

Function Table

Inputs

CP OE D

~T L H

~/~ L L

L L X

X H X

Output

0

L

H

Oo

Z

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

~/~ = LOW-to-HIGH Clock Transition

Z = High Impedance

O0 = Value stored from previous clock cycle

Do D1 D2 D3 D4 D5 D6 D7

I CP D I I CP D MCP 1 I I CP ! ||CP D ||CP D I | CP 1 | |CP D

OE

P D I I CP D CP D I CP D I CP D I CP D I CP D

Q II Q Q | Q I Q I Q I Q

if if if if if if if
6oo o1 o2 o3 o4 o5 o6 o7

TL/F/9549-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c^AirAmw^T^n^^

Distributors for aval.ab.Hty and spec.ficat.ons. ^^ TemPeratUre -55.Cto +1«
Storage Temperature - 65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) - 0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

ViH

V|L

VCD

V0H

V0L

I|H

■bvi

IlL

'OZH

'OZL

los

'CEX

"zz

Iccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F5%VCc

74F5%VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

55 86

Units

V

V

V

V

V

jtA

M.A

mA

jxA

,xA

mA

^A

MA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

IOh= -1mA

IOh= -3 mA

Ioh = -1 mA

Ioh = -3 mA

Ioh = -1 mA

IOh= -3 mA

Iol = 20 mA

Iol = 24 mA

V|N = 2.7V

V|N = 7.0V

V,N = 0.5V

V0UT = 2.7V

V0UT = 0.5V

VouT = 0V

VOUT = Vcc

V0UT = Vcc

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpZH

*PZL

tpHZ

tpLZ

Parameter

Maximum Clock Frequency

Propagation Delay

CPtoOn

Output Enable Time

Output Disable Time

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

100

4.0 6.5 8.5

4.0 6.5 8.5

2.0 9.0 11.5

2.0 5.8 7.5

1.5 5.3 7.0

1.5 4.3 5.5

54F

TA> VCc = MH

CL=50pF

Min Max

60

4.0 10.5

4.0 11.0

2.0 14.0

2.0 10.0

1.5 8.0

1.5 7.5

74F

TA,VCC = Com

CL = 50 pF

Min Max

70

4.0 10.0

4.0 10.0

2.0 12.5

2.0 8.5

1.5 8.0

1.5 6.5

Units

MHz

ns

ns

Fig

No

2-1

2-3

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(U

tw(H)

tw(L)

Parameter

Setup Time, HIGH or LOW

DntoCP

Hold Time, HIGH or LOW

Dn to CP

CP Pulse Width

HIGH or LOW

74F

TA = +25°C

VCc = +5.0V

Min Max

2.0

2.0

2.0

2.0

7.0

6.0

54F

TA,Vcc = MII

Min Max

2.0

2.5

2.0

2.5

7.0

6.0

74F

TA,VCc = Com

Min Max

2.0

2.0

2.0

2.0

7.0

6.0

Units

ns

ns

Rg

No

2-6

2-4

S
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54F/74F537

1-of-10 Decoder with TRI-STATE Outputs

General Description
The 'F537 is one-of-ten decoder/demultiplexer with four ac

tive HIGH BCD inputs and ten mutually exclusive outputs. A

polarity control input determines whether the outputs are

active LOW or active HIGH. The 'F537 has TRI-STATE out

puts, and a HIGH signal on the Output Enable (OE) input

forces all outputs to the high impedance state. Two input

enables, active HIGH E2 and active LOW E1t are available

for demultiplexing data to the selected output in either non-

inverted or inverted form. Input codes greater than BCD

nine cause all outputs to go to the inactive state (i.e., same

polarity as the P input).

Ordering Code: see section 5

Logic Symbols

I I I I

Connection Diagrams

A, A2 A3

Op Oi 02 03 O4 05 06 <>7

Pin Assignment for

DIP.SOICandFlatpak

m n ii i it
TL/F/9550-3

IEEE/IEC

A2-

DMUX

N10

&

EN 0,10 V

1,10 V

-> 2,10 V
0

x

3,10 V

g| 4,10 V

5,10 V

6,10 V

& 7,10 V

8,10 V

9.10 V

02-

0,-

oo-
P-

6e-

Aq-

A,-

o5-

°6~
GND—

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

Pin Assignment

forLCCandPCC

O5 A, Aq 0E P

m ei m is h

-03

-o4

-A2

-o9

-o7

E, Aj A3 04

0,

02

03

<>4

— 05

TL/F/9550-5

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

A0-A3

E2
OE

P

O0-O9

Description

Address Inputs

Enable Input (Active LOW)

Enable Input (Active HIGH)

Output Enable Input (Active LOW)

Polarity Control Input

TRI-STATE Outputs

54F/74F

U.L

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

input I,h/I|l

Output Ioh/'ol

20 jxA/- 0.6 mA

20 jutA/-0.6 mA

20jxA/-0.6mA

20 |nA/- 0.6 mA

20 jLtA/ -0.6 mA

-3mA/24mA(20mA)
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Truth Table

Function

High Impedance

Disable

Active HIGH

Output

(P=L)

Active LOW

Output

(P = H)

OE

H

L

L

L

L

L

L

i

L

L

L

L

L

L

L

L

L

L

L

X

H

X

L

L

L

i

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

E2

X

X

L

M

cxxx:

Inputs

A3

X

X

X

L

L

L

L

i

L

L

L

L

L

L

L

A2

X

X

X

L

L

L

L
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L

L

X

H
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X

X

X

i
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L

H

H
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X
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L
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z
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L
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z
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L

L
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z
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H

L
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L

H
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L

H

L
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z

L
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H
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L
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H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

Logic Diagram

TL/F/9550-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ - A At A ., . T .

D.strlbu.or8foravaHab...^ana8poc.f.ca.1ons. Free^rAmbient Temperature _WCte+iare

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

'fH

•bvi

IlL

'OZH

'OZL

los

"CEX

izz

'CCH

•ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%Vcc

74F10%VCc

74F10%Vcc

74F 5% VCc

74F5%VCC

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

56

44 66

Units

V

V

V

V

V

jiA

,i,A

mA

pA

mA

pA

jxA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

IOH = -1 mA

IOh= -3 mA

IOh= -1mA

Ioh = -3 mA

Ioh= -1 mA

IOh= -3 mA

Iol = 20 mA

Iol = 24 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 2.7V

V0UT = 0.5V

V0UT = 0V

Vout = Vcc

Vout = Vcc

Vo = HIGH

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc = +5.0V

CL = 50pF

Min Typ Max

54F

CL = 50pF

Min Max

74F

CL = 50 pF
Units

Fig

No

Min Max

tpLH

*PLH

tpHL

Propagation Delay

An to On

6.0

4.0

11.0

7.5

16.0

11.0

Propagation Delay 5.0

4.0

8.5

6.5

14.5

9.0

6.0

4.0

17.0

12.0
ns 2-3

5.0

4.0

15.5

10.0

tpi_H

tpHL

tpLH

Propagation Delay

E2toOn

6.0

5.0

11.0

10.0

16.0

14.0

Propagation Delay

PtoOn

6.0

6.0

11.5

11.0

18.0

16.0

6.0

5.0

17.0

15.0
ns 2-3

6.0

6.0

20.0

17.0

tpZH

tpZL

Output Enable Time

OEtoOn

3.0

5.0

5.5

9.0

10.5

13.0

tpHZ

tpLZ

Output Disable Time

OEtoOn

2.0

3.0

4.0

5.0

6.0

7.0

3.0

5.0

2.0

3.0

11.5

14.0
ns 2-5

7.0

8.0
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Semiconductor

54F/74F538

1-of-8 Decoder with TRI-STATE® Outputs

General Description
The 'F538 decoder/demultiplexer accepts three Address

(A0-A2) input signals and decodes them to select one of

eight mutually exclusive outputs. A polarity control input (P)

determines whether the outputs are active LOW or active

HIGH. AJjIGH Signal on either of the active LOW Output

Enable (OE) inputs forces all outputs to the high impedance

state. Two active HIGH and two active LOW input enables

are available for easy expansion to 1-of 32 decoding with

four packages, or for data demultiplexing to 1-of-8 or 1-of-

16 destinations.

Features
■ Output polarity control

■ Data demultiplexing capability

■ Multiple enables for expansion

■ TRI-STATE outputs

Ordering Code: see section 5

Logic Symbols

IEEE/IEC

6!,-

6e2-

A2—

E3—

DMUX

N10

&

EN

ol

&

0,10 V

1,10 V

2,10 V

3,10 V

4,10 V

5,10 V

6,10 V

7,10 V

— o2

—03

—o4

—05

—06

— o7

-O

-O

-O

-O

p

E2

E4

0E,

0E2

Oo 0i

1

020

| |
^ A2

3O4 O5 0g Oy

Connection Diagrams

Pin Assignment for

DIP, SOIC and Flatpak

I I I I I I I I
TL/F/9551-1

o2-

Oi-

°0"
0Et-

0E2-

Aq-

A1~

05-

°6~
GND-

V.

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

-03

-07

Unit Loading/Fan Out: See Section 2 for UL definitions

Pin Assignment

for LCC and PCC

05 A, AqOEjOE,

Pin Names

A0-A2

Ei,E2

E3,E4

P

OELOE2

O0-O7

Description

Address Inputs

Enable Inputs

(Active LOW)

Enable Inputs

(Active HIGH)

Polarity Control Input

Output Enable Inputs

(Active LOW)

TRI-STATE Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input |,h/I|l

Output Ioh/'ol

20 ixA/-0.6 mA

20 \iA/ -0.6 mA

20jaA/-0.6mA

20 juiA/- 0.6 mA

20 fiA/-0.6 mA

-3mA/24mA(20mA)

h k Ei A2 o4
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Truth Table

High

Impedance

Disable

Active HIGH

Output

(P = L)

Active LOW

Output

(P = H)

OE1

H

X

L

L

L

L

L

L

L

L

L
■

L

L

L

L

L

L

L

L

L

L

L

OE2

X

H

L

L

L

L

L

L

L
■

L

L

L

L

L

L

L

L

L

L

Ei

X

X

H

X

X

X

L

L

L

L

L
■

L

L

L

L

L

L

L

L

Inputs

E2

X

X

X

H

X

X

L

L

L

L

L
i

L

L

L

L

L

L

L

L

L

L

E3

X

X

X

X

L

X

H

H

H

H

H
i_i

H

H

H

H

H

H

H

H

H

H

E4

X

X

X

X

X

L

H

H

H

H

H
LJ

H

H

H

H

H

H

H

H

H

H

A2

X

X

X

X

X

X

L

L

L

L

H
i_i

H

H

L

L

L

L

H

H

H

H

Ai

X

X

X

X

X

X

L

L

H

H

L
i

H

H

L

L

H

H

L

L

H

H

An

X

X

X

X

X

X

L

H

L

H

L
LJ

L

H

L

H

L

H

L

H

L

H

Oo

z

z

H

L

L

L

L

L

L

H

H

H

H

H

H

H

Oi

z

z

L

H

L

L

L

L

H

L

H

H

H

H

H

H

o2

z

z

Outputs

o3

z

z

o4

z

z

o5

z

z

Outputs Equal P Input

H

L

L

L

H

H

L

H

H

H

H

H

H

L

L

H

H

H

L

H

H

H

H

L

H

L

H

H

H

H

L

H

H

H

L

L
LJ

L

H

H

H

H

H

L

H

H

o6

z

z

L

L
i

H

H

H

H

H

H

H

L

H

o7

z

z

-1-J_J
L
i

L

H

H

H

H

H

H

H

H

L

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

Logic Diagram

00 O1 O2 O3 O4 O5 Og

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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TL/F/9551-

4-419



Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ -a A. AmWttrfTflmriflMlllM

Distributors for avaiiabillty and specifications. ^ry TemperatUre _55oC t0 +, 25.c
Storage Temperature -65°C to +1508C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated Iol (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

llH

•bvi

IlL

•OZH

IOZL

los

'CEX

izz

•CCH

ICCL

'ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F 5% VCc

74F5%VCc

Output LOW 54F10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

31 45

37 56

37 56

Units

V

V

V

V

V

liA

,xA

mA

jiA

/LiA

mA

^A

»A

mA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

llN = -18 mA

Ioh = ~ 1 mA

Ioh = "3 mA

Ioh = -1 mA

Ioh = -3 mA

IOh= -1mA

'oh = -3 mA

Iol = 20 mA

Iol = 20 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 2.7V

VoUT = 0.5V

V0UT = 0V

VOUT = VCC

VOUT = VCC

Vo = HIGH

Vo = LOW

V0 = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA=+25-C

VCc= +5.0V

CL = 50 pF

Min Typ Max

54F

CL = 50 pF

Min Max

74F

CL=50pF
Units

Fig

No

Mln Max

tpLH Propagation Delay

An to On

6.0

4.0

11.0

7.5

16.0

11.0

tpi_H

tpHL

Propagation Delay 5.0

4.0

8.5

6.5

15.0

9.0

6.0

4.0

17.0

12.0
ns 2-3

5.0

4.0

16.0

10.0

tpLH Propagation Delay

E3orE4toOn

6.0

5.0

11.0

10.0

16.0

14.0

tpLH Propagation Delay

PtoOn

6.0

6.0

11.5

11.0

18.0

16.0

6.0

5.0

17.0

15.0
ns 2-3

6.0

6.0

20.0

17.0

tpZH

tpZL

Output Enable Time

OE1

3.0

5.0

5.5

9.0

10.0

13.0

tpHZ

tpLZ

Output Disable Time

OB|

2.0

3.0

4.0

5.0

6.0

8.0
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National
Semiconductor

54F/74F539

Dual 1-of-4 Decoder with TRI-STATE® Outputs

General Description
The 'F539 contains two independent decoders. Each ac

cepts two Address (Ao, A-i) input signals and decodes them

to select one of four mutually exclusive outputs. A polarity

control input (P) determines whether the outputs are active

HIGH (P = L) or active LOW (P = H). An active LOW

input Enable (E) is available for data demultiplexing; data is

routed to the selected output in non-inverted form in the

active LOW mode or in inverted form in the active HIGH

mode. A HIGH signal on the active LOW Output Enable

(OE) input forces the TRI-STATE outputs to the high imped

ance state.

Ordering Code: see section 5

Logic Symbols

-0

-0

p

E

OE

1 1

DECODER a

00 0, 02 03

I I I I

—

-0

-0

p

E

OE

| |
Ao A

DECODER

°o o, o2

1

b

Connection Diagrams

Pin Assignment

forDIP,SOICandFlatpak

I I I I

IEEE/IEC

Alb—

Ala

DMUX
N10

EN 0,10 V

o\ o 1.
1JG3 2,

3,

10 V

10 V

10 V

— o0b

— o,b

— o2b

— o3b

— Ooa

— Ola

— 02a

— 03a

Pb-

OE,-

v-

03a-

02a-
GND-

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

-vcc

-o3b

-Alb

"Pa

Pin Assignment

forLCCandPCC
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

Aoa-Aia

Aob-Aib

Ea,Eb

OEa,OEb

Pa.Pb

Ooa-O3a
o0b-o3b

Description

Side A Address Inputs

Side B Address Inputs

Enable Inputs (Active LOW)

Output Enable Inputs (Active LOW)

Polarity Control Inputs

Side A TRI-STATE Outputs

Side B TRI-STATE Outputs

54F/74F

U.L

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

150/40(33.3)

Input I|H/I|l

Output Ioh/Iol

20 |mA/-0.6 mA

20 jutA/-0.6 mA

20 fxA/-0.6 mA

20jmA/-0.6mA

20 jitA/ -0.6 mA

-3mA/24mA(20mA)

-3mA/24mA(20mA)

Truth Table

Function

High Impedance

Disable

Active HIGH

Output

(P=L)

Active LOW

Output

(P=H)

(each half)

OE

H

L

L

L

L

L

L

L

L

L

I

X

H

L

L

L

L

L

L

L

L

Inputs

A1

X

X

L

L

H

H

L

L

H

H

A0

X

X

L

H

L

H

L

H

L

H

Oo

z

H

L

L

L

L

H

H

H

Outputs

O1

Z

L

H

L

L

H

L

H

H

O2

Z

= P

L

L

H

L

H

H

L

H

O3

Z

L

L

L

H

H

H

H

L

Logic Diagram (one half shown)

—1>

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

00 01 02 0

TL/F/9552-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ - ^ A. AMWMrfTflmilflf(rfllH1
Distributors for avai.ab.Hty and specifications. Free^rAmb.ent Temperature ^^^

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V,L

VCD

V0H

V0L

I|H

'bvi

IlL

'ozh

'OZL

los

'CEX

izz

'<XH

ICCL

Iccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 54F10%Vcc

74F10%Vcc

74F10%VCc

74F 5% VCc

74F5%VCC

Output LOW 54F 10% Vcc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

28 45

40 60

40 60

Units

V

V

V

V

V

HA

liA

mA

,xA

juiA

mA

^A

fiA

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'in = -18 mA

Iqh= "1mA

Ioh - ~3 mA

IOh= -1mA

'OH = -3 mA

IOh= -1 mA

'OH = "3 mA

'OL = 20 mA

Id = 24 mA

V|N = 2.7V

V|N = 7.0V

V,N = 0.5V

V0UT = 2.7V

V0UT = 0.5V

Vqut = 0V

VOUT = Vcc

VOUT = Vcc

Vo = HIGH

Vo = LOW

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA = +25°C

VCc= +5.0V

CL = 50 pF

MIn Typ Max

54F

TA, VCc = Mil

CL=50pF

Max

74F

CL = 50 pF
Units

Fig

No

MIn Max

tpHL

Propagation Delay

An to On

4.0

4.0

14.5

9.5

18.5

12.0

3.5

4.0

19.5

13.0
ns 2-3

tPLH

tpHL

Propagation Delay

EtoOn

5.0

4.0

12.0

7.5

16.0

9.5

5.5

4.0

17.0

10.5
2-3

tPLH

tpHL

Propagation Delay

PtoOn

7.5

5.0

14.5

11.0

21.5

16.5

4.5

4.5

22.5

17.5
2-3

tpZL

Output Enable Time

UEtoOn

4.5

5.5

8.0

10.0

10.5

13.0

tpHZ

tpLZ

Output Disable Time 2.0

3.0

4.5

6.5

6.5

8.5
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54F/74F540 • 54F/74F541

Octal Buffer/Line Driver with TRI-STATE Outputs

General Description
The 'F540 and T541 are similar in function to the 'F240 and

'F244 respectively, except that the inputs and outputs are

on opposite sides of the package (see Connection Dia

grams). This pinout arrangement makes these devices es

pecially useful as output ports for microprocessors, allowing

ease of layout and greater PC board density.

Features
■ TRI-STATE outputs drive bus lines

■ Inputs and outputs opposite side of package, allowing

easier interface to microprocessors

Ordering Code: see section 5

Connection Diagrams

Pin Assignment for

DIP, SOIC and Flatpak

'F540

Pin Assignment

forLCCandPCC

'6 <5 U >3 >2
ru ru m m qq

'F541

PEDOp
o3 o2 6, oo

'6 >5 U >3 >2
00 CD GO HI H

o4 o3 o2 o, oo

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

OE1tOE2

In

Description

TRI-STATE Output Enable Input (Active LOW)

Inputs

Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

600/106.6(80)

input I|h/Iil

Output Ioh/Iol

20 jitA/- 0.6 mA

20 fiA/-0.6 mA

-12mA/64mA(48mA)
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Truth Table

OE1

L

H

X

L

Inputs

L

X

H

L

I

H

X

X

L

Outputs

'F540

L

Z

Z

H

'F541

H

Z

Z

L

H = HIGH Voltage Level

L = LOW Voltage Level

X - Immaterial

Z = High Impedance

Logic Diagrams

OE,-*

lo—

•i

»2—

13

u—

is

le—

'7""™"

IEEE/IEC

'F540

&

EN

> v

IEEE/IEC

'F541

la

EN

■05

TL/F/9553-6
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c«-ai,a«w-4t ♦

Distributors for availability and specifications. Military Temp6ratUre _55oCto +125oC
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias —55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

llH

■bvi

IlL

'ozh

'OZL

los

ICEX

»ZZ

•CCH

ICCL

'ccz

ICCH

'CCL

•ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCC

74F5%Vcc

74F 5% VCc

Output LOW 54F 10% Vcc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current ('F540)

Power Supply Current (*F540)

Power Supply Current ('F540)

Power Supply Current ('F541)

Power Supply Current ('F541)

Power Supply Current ('F541)

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.4

2.0

2.4

2.0

2.7

2.0

0.55

0.55

20

100

-0.6

50

-50

-100 -225

250

500

11 20

53 75

31 45

26 35

55 75

31 55

Units

V

V

V

V

V

pA

ftA

mA

fiA

mA

pA

pA

mA

mA

mA

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N= -18 mA

Ioh = -3 mA

•oh = -12 mA

Ioh = -3 mA

IOh= -12 mA

IOh= -3 mA

Ioh - -15 mA

Iql = 48 mA

lOL = 64 mA

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V

Vqut = 2.7V

V0UT = 0.5V

Vout = 0V

VOUT = VCC

VOUT = Vcc

V0 = HIGH

Vo = LOW

Vo = HIGH Z

Vo = HIGH

Vo = LOW

V0 = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

MIn Typ Max

54F

CL = 50 pF

MIn Max

74F
Oi

Ta» VCc = Com

CL = 50pF
Units

Fig

No

MIn Max

Propagation Delay

Data to Output ('F540)

1.5

1.0

3.0

2.0

5.0

4.0

1.0

1.0

6.0

4.5

1.0

1.0

5.5

4.0
ns 2-3

tpZH Output Enable Time ('F540) 2.5

3.5

4.9

5.8

8.0

10.0

2.5

3.5

9.0

11.0

2.5

3.5

8.5

10.5

tpHZ

tpLZ

Output Disable Time (T540) 1.5

1.0

3.4

2.5

6.0

5.5

1.5

1.0

7.0

7.5

1.5

1.0

6.5

6.0

2-5

Propagation Delay

Data to Output ('F541)

1.5

1.5

3.3

2.7

5.5

5.5

1.5

1.5

6.0

6.0
2-3

tpZH Output Enable Time (T541) 3.0

3.5

5.8

6.1

8.0

8.5

Output Disable Time ('F541)

tpLZ

1.5

1.5

3.4

2.9

6.0

5.5

4-429
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Semiconductor

54F/74F543

Octal Registered Transceiver

General Description
The 'F543 octal transceiver contains two sets of D-type

latches for temporary storage of data flowing in either direc

tion. Separate Latch Enable and Output Enable inputs are

provided for each register to permit independent control of

inputting and outputting in either direction of data flow. The

A outputs are guaranteed to sink 24 mA (20 mA Mil) while

the B outputs are rated for 64 mA (48 mA Mil).

Features
8-bit octal transceiver

Back-to-back registers for storage

Separate controls for data flow in each direction

A outputs sink 24 mA (20 mA Mil)

B outputs sink 64 mA (48 mA Mil)

300 mil slim package

Ordering Code: see section 5

Logic Symbols

1

Connection Diagrams

Pin Assignment for

DIP.SOICandFlatpak

—<

—<

—<

—<

—(

—<

Ao

OEAB

OEBA

CEAB

CEBA

LEAB

LEBA

B0

1

IEEE/IEC

CEAB *

Ceab—*

OEAB *

CEBA ■

LEBA *

OEBA *

Ao^ ►

At« ►

A2^ ►

A3«—►

A4«—►

Ag* ►

A7^—►

EN1

EN2

I I
V1 2V

•A7

•B7

1
TL/F/9554-1

4 ►Bq

4—►B,

^ ^ 84

4—►Bs

4 ►By

LEBA-

OEBA-

Ao-

A1~

A2-

A3-

A4-

A5-

A^-

A7-

CEAB-

GND-

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

Ycc

-CEBA

Pin Assignment

forLCCandPCC

Ag As A4 NC A3 A2 A,

03 EH El E] El ID H]

B6B5B4NCB3B2B1

-LEAB

-OEAB
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Unit Loading/Fail Out: See Section 2 for U.L definitions

Pin Names

OEAB

OEBA

CEAB

CEBA

LEAB

LEBA

A0-A7

B0-B7

Description

A-to-B Output Enable Input (Active LOW)

B-to-A Output Enable Input (Active LOW)

A-to-B Enable Input (Active LOW)

B-to-A Enable Input (Active LOW)

A-to-B Latch Enable Input (Active LOW)

B-to-A Latch Enable Input (Active LOW)

A-to-B Data Inputs or

B-to-A TRI-STATE® Outputs

B-to-A Data Inputs or

A-to-B TRI-STATE Outputs

54F/74F

U.L

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/2.0

1.0/2.0

1.0/1.0

1.0/1.0

3.5/1.083

150/40(33.8)

3.5/1.083

600/106.6(80)

Input Iih/Iil

Output Ioh/Iol

20jiA/-0.6mA

20 fiA/-0.6 mA

20/xA/-1.2 mA

20 jaA/- 1.2 mA

20 fiA/- 0.6 mA

20 fiA/-0.6 mA

70jutA/-650ftA

-3mA/24mA(20mA)

70fiA/-650>A

-12mA/64mA(48mA)

Functional Description
The 'F543 contains two sets of eight D-type latches, with

separate input and output controls for each set. For data

flow from A to B, for example, the A-to-B Enable (CEAB)

input must be LOW in order to enter data from A0-A7 or

take data from B0-B7, as indicated in the Data I/O Control

Table. With CEAB LOW, a LOW signal on the A-to-B Latch

Enable (LEAB) input makes the A-to-B latches transparent;

a subsequent LOW-to-HIGH transition of the LEAS signal
puts the A latches in the storage mode and their outputs no

longer change with the A inputs. With CEAB and OEAB both

LOW, the TRI-STATE B output buffers are active and reflect

the data present at the output of the A latches. Control of

data flow from B to A is similar, but using the CEBA, LEBA

and OEBA inputs.

Data I/O Control Table

Inputs

CEAB LEAB OEAB

H X X

X H X

L L X

X X H

L X L

Latch Status

Latched

Latched

Transparent

Output Buffers

HighZ

HighZ

Driving

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

A-to-B data flow shown; B-to-A flow control

is the same, except using CEBA, EISA" and OEBA

4-431



Logic Diagram

A4

A5

Ae
A7—

OEBA-

LEBA-

r
DETAIL A ^ ■

DETAIL Ax7

p—td -OEAB

CEAB

-LEAB
TL/F/9554-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ Craa A. Amhian. TamnorQ.ttra
Distributors for avaHabHKy and 8peCf.cat.ons. Free^rA^ent Temperature ^+^

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambiesnt Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military +4.5V to + 5.5V

Vcc Pin Potential to Commercial +4.5V to + 5.5V

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOL (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

Ibvi

'bvit

IlL

•lH + 'OZH

hi. + 'ozl

•os

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% Vex;

Voltage 54F10%VCc

54F10%VCc

74F10%VCC

74F10%Vcc

74F10%Vcc

74F 5% VCc

74F 5% Vcc

74F5%Vcc

Output LOW 54F 10% Vcc

Voltage 54F10%VCc

74F10%Vcc

74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.0

2.5

2.4

2.0

2.7

2.7

2.0

0.5

0.55

0.5

0.55

20

100

1.0

-0.6

-1.2

70

-650

-60 -150

-100 -225

Units

V

V

V

V

V

jaA

,xA

mA

mA

jaA

j*A

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

llN = —18 mA

IOH= -1mA (An)

IOH= -3mA(An(Bn)

IOh= -12mA(Bn)

IOh= -1mA (An)

lOH=-3mA(An,Bn)

IOH= -12mA(Bn)

IOH= -1mA (An)

IOh= -3mA(An,Bn)

IOH= -15mA(Bn)

IOL = 20 mA (An)

Iol = 48 mA (Bn)

lOL = 24mA(An)

lOL = 64mA(Bn)

V|N = 2.7V

V|N = 7.0V (OEAB, OEBA,

EEAB, EIBfi, C^AB, CEBA)

V,N = 5.5V(An,Bn)

V,N = 0.5V (OEAB, 5EBA)

V|N = 0.5V(CEAB,SEBA)

VOUT = 2.7V(An,Bn)

VOUT = 0.5V(An,Bn)

VOUT = 0V(An)

VOUT = 0V(Bn)
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DC Electrical Characteristics (continued)

Symbol

ICEX

izz

•CCH

•ccl

'ccz

Parameter

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

250

500

67 100

83 125

83 125

Units

I*

jiA

mA

mA

mA

vCc

Max

0.0V

Max

Max

Max

Conditions

V0UT = Vcc(An.Bn)

V0UT = Vcc(An,Bn)

Vo = HIGH

Vo = LOW

V0 = HIGH Z

AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpLH

tPHL

tpLH

tPHL

tpLH

tPHL

*PZH

tpZL

tPHZ

tpLZ

Parameter

Propagation Delay

Transparent Mode

AntoBnorBntoAn

Propagation Delay

LEBAtoAn

Propagation Delay

LEABtoBn

Output Enable Time

OEBAorUEABtoAnorBn

5lBAorCEABtoAnorBn

Output Disable Time

OEBAorOEABtoAnorBn

CEBAorCEABtoAnorBn

74F

TA = +25°C

VCc= +5.0V

CL = 50 pF

Mln Typ Max

3.0 5.5 7.5

3.0 5.0 6.5

4.5 8.5 11.0

4.5 8.5 11.0

4.5 8.5 11.0

4.5 8.5 11.0

3.0 7.0 9.0

4.0 7.5 10.5

2.5 6.0 8.0

2.5 5.5 7.5

54F

TA,Vcc = MII

CL = 50pF

Mln Max

74F

TA, Vqc = Com

CL = 50pF

Mln Max

3.0 8.5

3.0 7.5

4.5 12.5

4.5 12.5

4.5 12.5

4.5 12.5

3.0 10.0

4.0 12.0

2.5 9.0

2.5 8.5

Units

ns

ns

ns

ns

Fig

No

2-3

2-3

2-3

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

tw(U

Parameter

Setup Time, HIGH or LOW

AnorBntoLEBAorLEAB

Hold Time, HIGH or LOW

AnorBntoEEBAorLEAB

Latch Enable, B to A

Pulse Width, LOW

74F

TA= +25°C

VCc= +5.0V

Min Max

3.0

3.0

3.0

3.0

8.0

54F

TA,Vcc = MII

Min Max

74F

TA, VCc = Com

Min Max

3.5

3.5

3.5

3.5

9.0

Units

ns

ns

Fig

No

2-6

2-4
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54F/74F544

Octal Registered Transceiver

General Description
The 'F544 octal transceiver contains two sets of D-type

latches for temporary storage of data flowing in either direc

tion. Separate Latch Enable and Output Enable inputs are

provided for each register to permit independent control of

inputting and outputting in either direction of data flow. The

A outputs are guaranteed to sink 24 mA (20 mA Mil) while

the B outputs are rated for 64 mA (48 mA Mil). The 'F544

inverts data in both directions.

Features
■ 8-bit octal transceiver

■ Back-to-back registers for storage

■ Separate controls for data flow in each direction

■ A outputs sink 24 mA (20 mA Mil), B outputs sink

64 mA (48 mA Mil)

■ 300 mil slim PDIP

Ordering Code: see section 5

Logic Symbols Connection Diagrams

Pin Assignment for

DIP, SOIC and Flatpak

OEAB

OEBA

CEAB

CEBA

LEAB

LEBA

LEBA—

So-

i-

h-
CEAB-

GND-

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

~vcc

-Id

-B2

-B3

-B5

-LEAB

-OEAB

Pin Assignment

for LCC and PCC

A8A5A4NCA3A2A1

on os ru lu ru © no

B6B5B4NCB3B2B1

IEEE/IEC

CEAB-

LEAB-

OEAB-

CW-

LEBA-

OEBA-

TL/F/9555-1
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

SeAb

Ueba

CEAB

CEBA

LEAB

EEBA

A0-A7

B0-B7

Description

A-to-B Output Enable Input (Active LOW)

B-to-A Output Enable Input (Active LOW)

A-to-B Enable Input (Active LOW)

B-to-A Enable Input (Active LOW)

A-to-B Latch Enable Input (Active LOW)

B-to-A Latch Enable Input (Active LOW)

A-to-B Data Inputs or

B-to-A TRI-STATE Outputs

B-to-A Data Inputs or

A-to-B TRI-STATE Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/2.0

1.0/2.0

1.0/1.0

1.0/1.0

3.5/1.083

150/40(33.3)

3.5/1.083

600/106.6(80)

Input I|H/I|L

Output Ioh/'ol

20 /xA/ -0.6 mA

20/u,A/-0.6 mA

20 jaA/-1.2 mA

20 juA/-1.2 mA

20 jutA/ -0.6 mA

20 jjiA/-0.6 mA

70ju,A/-650jaA

-3mA/24mA(20mA)

70ju,A/-650jutA

-12mA/64mA(48mA)

Functional Description
The 'F544 contains two sets of eight D-type latches, with

separate input and output controls for each set For data

flow from A to B, for example, the A-to-B Enable (CEAB)

input must be LOWJn order to enter data from A0-A7 or

take data from B0-B7, as indicated in the Data I/O Control

Table. With CEAB LOW, a LOW signal on the A-to-B Latch

Enable (LEAB) input makes the A-to-B latches transparent;

a subsequent LOW-to-HIGH transition of the LEAB signal

puts the A latches in the storage mode and their outputs no

longer change with the A inputs. With CEAB and OEAB both

LOW, the TRI-STATE® B output buffers are active and re

flect the data present at the output of the A latches. Control

of data flow from B to A is similar, but using the CEBA,

LEBA and OEBA inputs.

Data I/O Control Table

Inputs

CEAB LEAB OEAB

H X X

X H X

L L X

X X H

L X L

Latch Status

Latched

Latched

Transparent

Output Buffers

HighZ

HighZ

Driving

H = HIGH Voltage Level

L » LOW Voltage Level

X = Immaterial

A-to-B data flow shown; B-to-A flow control is the same,

except using CEBA, LEBA and ©EBA
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O1

Logic Diagram

OEBA-

LEBA-

A2—0

A6—0

CEBA

DETAIL Ax7
'4

0—B5

O—B6

0—B7

-OEAB

CEAB

-LEAB
TL/F/9555-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Notei)
If Military/Aerospace specified devices are required, Voltage Applied to Output

contact the National Semiconductor Sales Office/ in HIGH State (with Vcc = OV)

Distributors for availability and specifications. Standard Output -0.5V to VCc

Storage Temperature -65°C to +150°C TRI-STATE Output -0.5V to + 5.5V

Ambient Temperature under Bias - 55°C to +125°C Current Applied to Output

Junction Temperature under Bias - 55'C to +175°C in L0W State (Max) 1wlce the rated "ol (mA>

y^SSST t0 -o.5vto +7.ov Recommended Operating
Input Voltage (Note 2) -0.5V to + 7.0V Conditions
Input Current (Note 2) -30 mA to + 5.0 mA Free .Air Ambient Temperature

Note 1: Absolute maximum ratings are values beyond which the device may Military - 55°C to +125°C
be damaged or have its useful life impaired. Functional operation under Commercial 0°C to + 70°C
these conditions is not implied. Supply Voltage

Note 2: Either voltage limit or current limit is sufficient to protect inputs. Military + 4.5V to + 5.5V

Commercial + 4.5V to + 5.5V

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

Ibvi

'bvit

hi

I|H + bZH

IlL + IOZL

los

'CEX

Izz

•CCH

ICCL

'ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%VCc

54F10%VCc

74F10%VCc

74F10%VCc

74F10%VCc

74F5%VCc

74F5%VCc

74F5%Vcc

Output LOW 54F 10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.0

2.5

2.4

2.0

2.7

2.7

2.0

0.5

0.55

0.5

0.55

20

100

1.0

-0.6

-1.2

70

-650

-60 -150

-100 -225

250

500

70 105

85 130

83 125

Units

V

V

V

V

V

JLtA

juA

,iA

mA

^A

,xA

mA

,iA

fiA

mA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA,

(except An,Bn)

Ioh = -1 mA(An)

IOh= -3mA(An,Bn)

IOH= -12mA(Bn)

IOH= -1mA (An)

Iqh= -3mA(An>Bn)

IOH= -12mA(Bn)

IOH= "1mA (An)

IOH= -3mA(An,Bn)

IOH= -15mA(Bn)

lOL = 20mA(An)

lOL = 48mA(Bn)

lOL = 24mA(An)

lOL = 64mA(Bn)

V|N = 2.7V (except An, Bn)

V,N = 7.0V (except An, Bn)

V,N = 5.5V(An,Bn)

V|N = 0.5V(OEAB,OEBA)

V|N = 0.5V (CEAB, CEBA)

VOUT = 2.7V(An,Bn)

VOUT = 0.5V(An,Bn)

VOUT = 0V(An)

VOUT = 0V(Bn)

VoUT = Vcc(An,Bn)

VoUT = Vcc(An.Bn)

Vo = HIGH

Vo = LOW

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpLH

tpHL

tpi_H

tpHL

tpLH

tpHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Propagation Delay

Transparent Mode

AntoBnorBntoAn

Propagation Delay

LEBAtoAn

Propagation Delay

LEfiBtoBn

Output Enable Time

UEBAorSEABtoAnOrln

SEBAorCEABtoAnOrBn

Output Disable Time

OEBAorOEABtoAnorBn

CEBAorCEABtoAnorBn

74F

TA = + 25°C

VCc= +5.0V

CL=50pF

MIn Typ Max

3.0 7.0 9.5

3.0 5.0 6.5

6.0 10.0 13.0

4.0 7.0 9.5

6.0 10.0 13.0

4.0 7.0 9.5

3.0 7.0 9.0

4.0 7.5 10.5

2.5 6.0 8.0

2.5 5.5 7.5

54F

Ta,vCc = mii

CL = 50pF

Min Max

3.0 12.0

2.5 8.5

6.0 18.0

4.0 11.5

6.0 18.0

4.0 11.5

3.0 11.0

4.0 13.0

2.0 10.0

2.0 9.5

74F

Ta, Vqc = Com

CL = 50pF

Min Max

3.0 10.5

3.0 7.5

6.0 14.5

4.0 10.5

6.0 14.5

4.0 10.5

3.0 10.0

4.0 12.0

2.5 9.0

2.5 8.5

Units

ns

ns

ns

ns

Fig

No

2-3

2-3

2-3

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(U

tw(D

Parameter

Setup Time, HIGH or LOW

AnorBntoLEBAorLEfiB

Hold Time, HIGH or LOW

AnorBntoLEBAorLEAB

Latch Enable, B to A

Pulse Width, LOW

74F

TA= +25°C

VCc= +5.0V

Min Max

3.0

3.0

3.0

3.0

6.0

54F

TA,Vcc = MII

MIn Max

3.0

3.0

3.0

3.0

9.0

74F

TA.VCc = Com

MIn Max

3.0

3.0

3.0

3.0

7.5

Unite

ns

ns

Fig
No

2-6

2-4
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National
Semiconductor

54F/74F545 Octal Bidirectional

Transceiver with TRI-STATE® Outputs

General Description
The 'F545 is an 8-bit, TRI-STATE, high-speed transceiver. It

provides bidirectional drive for bus-oriented microprocessor

and digital communications systems. Straight through bidi

rectional transceivers are featured, with 24 mA (20 mA Mil)

bus drive capability on the A ports and 64 mA (48 mA Mil)

bus drive capability on the B ports.

One input, Transmit/Receive (T/R) determines the direction

of logic signals through the bidirectional transceiver. Trans

mit enables data from A ports to B ports; Receive enables

data from B ports to A ports. The Output Enable input dis

ables both A and B ports by placing them in a TRI-STATE

condition.

Features
■ Higher drive than 8304

■ 8-bit bidirectional data flow reduces system package

count

■ TRI-STATE inputs/outputs for interfacing with bus-ori

ented systems

■ 24 mA (20 mA Mil) and 64 mA (48 mA Mil) bus drive

capability on A and B ports, respectively

■ Transmit/Receive and Output Enable simplify control

logic

Ordering Code: see section 5

Logic Symbols

I I I I I I I I

Connection Diagrams

At)

OE

T/R

Bo

Aj A2

B, B2

A3

B3

A4

B4

As

B5

A6

Be

A7

B7

Pin Assignment for

DIP, SOIC and Flatpak

I I I I I I I I
TL/F/9556-3

IEEE/IEC

OE ^

H
* O

G3

3EN1

3EN2
T H
V1 <

> 2V

Ao-

A1~
A2-

A3-

A4-

A5-

A5—

A7-

6e-

GND-

1

2

3

4

5

6

7

8

9

10

20

19

18

17

16

IS

14

13

12

11

Pin Assignment

for LCC and PCC

Ay Ag Ag A4 A3

QD CD HI 00 H

-87

-T/R

Truth Table

I?

Inputs

OE

L

L

H

T/R

L

H

X

Outputs

Bus B Data to Bus A

Bus A Data to Bus B

HighZ

HIGH Voltage Level

LOW Voltage Level

Immaterial

High Impedance

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

OE

T/R

A0-A7

B0-B7

Description

Output Enable Input (Active LOW)

Transmit/Receive Input

Side A TRI-STATE Inputs or

TRI-STATE Outputs

Side B TRI-STATE Inputs or

TRI-STATE Outputs

54F/74F

U.L.

HIGH/LOW

1.0/2.0

1.0/2.0

3.5/1.083

150/40(33.3)

3.5/1.083

600/106.6(80)

Input I|H/Iil

Output Ioh/Iol

20 fxA/-1.2 mA

20 jitA/-1.2 mA

70/iA/-650jnA

-3mA/24mA(20mA)

70/j,A/-650fj.A

-12mA/64mA(48mA)
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Absolute Maximum Ratings (Note d Recommended Operating
if Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c«« aj-A.~ui«.**T«.«««..«*....«

Distributors for availability and specifications. Military TemPerature _5goc tQ + 125OC
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias — 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with Vcc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

Ibvi

•bvit

IlL

'lH + 'OZH

IlL + IOZL

•os

ICEX

izz

'CCH

ICCL

•ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 54F10%VCc

54F10%VCc
74F10%VCc

74F10%Vcc
74F10%VCc
74F5%Vcc
74F 5% Vcc

74F 5% Vcc

Output LOW 54F 10% Vcc

Voltage 54F10%VCc

74F10%VCc
74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.0

2.5

2.4

2.0

2.7

2.7

2.0

0.5

0.55

0.5

0.55

20

100

1.0

-1.2

70

-650

-60 -150

-100 -225

250

500

70 90

95 120

85 110

Units

V

V

V

V

V

pA

pA

pA

mA

pA

ItA

mA

pA

pA

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N= -18mA(QE,T/R)

l0H=-1mA(Art)

IOH= -3 mA (An)

IOH= -12mA(Bn)

lOH=-1mA(An)

IOH= "3 mA (An)

IOH= -12mA(Bn)

IOH= -1mA (An)

IOH= "3 mA (An)

IOh= -15mA(Bn)

lOL = 20mA(An)

lOL = 48mA(Bn)

lOL = 24mA(An)

lOL = 64mA(Bn)

V|N = 2.7V (5E, T/R)

V|N = 7.0V (QE, T/M)

V,N = 5.5V(An,Bn)

V|N = 0.5V (QE, T/R)

VOUT = 2.7V(An,Bn)

VOUT = 0.5V(An,Bn)

VOUT = 0V(An)

VOUT = 0V(Bn)

VOUT = Vcc

VoUT = Vcc

VO = HIGH

V0 = LOW

V0 = HIGH Z
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in

s AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

CL=50pF

Min Typ Max

54F

CL = 50 pF

Mln Max

74F

Ta. VCc = Com

CL = 50 pF

Min Max

Units
Fig

No

Propagation Delay

AntoBnorBntoAn

2.5

2.5

4.2

4.6

6.0

6.0

2.0

2.0

7.5

7.5

2.5

2.5

7.0

7.0
2-3

tpZH Output Enable Time 3.0

3.5

5.3

6.0

7.0

8.0

2.5

3.0

9.0

10.0

3.0

3.5

tpHZ Output Disable Time 3.0

2.0

5.0

5.0

6.5

6.5

2.5

2.0

9.0

10.0

3.0

2.0

8.0

9.0

7.5

7.5

ns 2-5

Logic Diagram

AS A7

B7

TL/F/9558-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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National
Semiconductor

54F/74F547

Octal Decoder/Demultiplexer

with Address Latches and Acknowledge

General Description
The 'F547 is a 3-to-8 line address decoder with latches for

address storage. Designed primarily to simplify multiple chip

selection in a microprocessor system, it contains one active

LOW and two active HIGH Enables to conserve address

space. Also included is an active LOW Acknowledge output

that responds to either a Read or Write input signal when

the Enables are active.

Features
■ 3-to-8 line address decoder

■ Address storage latches

■ Multiple enables for address extension

■ Open collector acknowledge output

Ordering Code: see section 5

Logic Symbols

1 1 l

Connection Diagrams

Pin Assignment

for DIP, SOIC and Flatpak

"^ W* 00 Oj O2 O3 &4 ®5 °6 °7

T7TTT77T
TL/F/9557-1

IEEE/IEC

A2—

LE—

RD-

WR-

OMUX

EN1O

°1

& FN8

& EN9

0.8

1.8

2.8

3.8

4.8

5.8

6.8

7.8

8,9 £

— 5,

— o2

^o5

62-

6,-

ACK-

WR-

RD-

An-

A1~

05-

°6"
6ND-

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

-vcc
-03
-o4

-A2

-LE

-67

Pin Assignment

forLCCandPCC

05 ky Aq TO WR

in [7] m ru h

E2 E, LE Ag 04
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

A0-A2

E1
E2.E3

LE

R0

WR

ACK

Description

Address Select Inputs

Chip Enable Input (Active LOW)

Chip Enable Inputs

Latch Enable Input

Read Acknowledge Input (Active LOW)

Write Acknowledge Input (Active LOW)

Open Collector Acknowledge Output (Active LOW)

Decoded Outputs (Active LOW)

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

•OC/33.3

50/33.3

Input I|H/Iil

Output Ioh/Iol

20 jaA/- 0.6 mA

20 ftA/-0.6 mA

20 jmA/-0.6 mA

20fiA/-0.6mA

20/mA/-0.6 mA

20 fiA/-0.6 mA

•OC/20 mA

-1 mA/20mA

•OC = Open Collector

Functional Description
When enabled, the 'F547 accepts the Ao-A2 Address in

puts and decodes them to select one of eight active LOW,

mutually exclusive outputs, as shown in the Decoder Truth

Table. With LE HIGH, the Address latches are transparent

and the output selection changes each time the Aq-A2 ad

dress changes. When LE is LOW, the latches store the last

valid address preceding the HIGH-to-LOW transition of the

LE input signal. For applications in which the separation of

latch enable and chip enable functions is not required, LE

and E1 can be tied together, such that when HIGH the out

puts are OFF and the latches are transparent, and when

LOW the latches are storing and the selected output is en

abled.

The open collector Acknowledge (ACK) output is normally

HIGH (i.e., OFF) and goes LOW when £1( E2 and E3 are all
active and either the Read (E5) or Write (WR) input is LOW,
as indicated in the Acknowledge Truth Table.

Acknowledge Truth Table

Ei

H

X

X

L

L

L

E2

X

L

X

H

H

H

Inputs

E3

X

X

L

H

H

H

RD

X

X

X

H

L

X

WR

X

X

X

H

X

L

Output

ACK

H

H

H

H

L

L

H = HIGH Voltage Level

L = LOW Voltage Level

X =■ Immaterial

Latch Status Table

Input LE

H

L

Latch Status

Transparent

Storing

Output Status Table

Inputs

Ii E2 E3

L H H

H X X

X L X

X X L

Decoder

Outputs

Qn = LOWt
O0-O7 « HIGH

O0-O7 = HIGH

O0-O7 = HIGH

tSee Decoder Truth Table

Decoder Truth Table*

A2

L

L

L

L

H

H

H

H

Inputs

A1

L

L

H

H

L

L

H

H

Ao

L

H

L

H

L

H

L

H

So

L

H

H

H

H

H

H

H

©1

H

L

H

H

H

H

H

H

B2
H

H

L

H

H

H

H

H

0utput8

63

H

H

H

L

H

H

H

H

S4

H

H

H

H

L

H

H

H

©5

H

H

H

H

H

L

H

H

O6

H

H

H

H

H

H

L

H

©7

H

H

H

H

H

H

H

L

•Assuming 11( LOW; E2 and E3, HIGH
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Logic Diagram

—0-

RD

WR

ACK

TL/F/9557-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature -65°C to +150°C

Ambient Temperature under Bias - 55°C to +125°C

Junction Temperature under Bias - 55°C to +175°C

Vcc Pin Potential to

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with Vcc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

Symbol

V|H

V|L

VCD

VOH

VOL

I|H

Ibvi

IlL

los

ICEX

'OHC

ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 74F10%VCc

74F 5% Vcc

Output LOW 54F 10% VCc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Open Collector, Output

OFF Leakage Test

Power Supply Current

Mln

2.0

2.5

2.5

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

-150

250

250

17 30

Units

V

V

V

V

V

,iA

,iA

mA

mA

liA

fiA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Min

Min

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

■in =

IOH =

IOH =

IOH =

IOL =

IOL =

V|N =

V|N =

V|N =

VOUT

VOUT

VOUT

-18 mA

-1mA(ACK,0n)

-1mA(ACK,On)

-1mA(ACK,5n)

20 mA (ACK, On)

20 mA (ACK, On)

2.7V

7.0V

0.5V

= 0V(On)

= Vcc (On)

= Vcc (ACK)
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

*PLH

tpHL

tpi_H

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

Parameter

Propagation Delay

AntoOn

Propagation Delay

EitoOn

Propagation Delay

LEtoOn

Propagation Delay

E2 or E3 to On

Propagation Delay

Ei.RDorWRtoACK

Propagation Delay

E2orE3toACK

74F

TA= + 25°C

VCc= +5.0V

CL = 50 pF

Mln Typ Max

2.0 7.0 9.0

4.5 9.0 12.0

2.5 6.5 8.5

3.0 6.5 8.5

3.5 7.5 10.0

5.0 14.5 14.0

4.0 8.5 10.0

4.0 8.5 10.0

6.5 11.0 13.0

3.5 7.5 9.5

7.5 13.0 14.0

4.5 8.5 12.0

54F

Ta, VCc = Ml'
CL = 50pF

Min Max

3.0 10.5

5.0 13.5

3.0 10.0

3.5 10.0

4.0 11.5

5.0 20.0

4.5 12.5

4.5 12.5

6.5 16.0

3.5 11.0

8.0 18.5

5.0 12.5

74F

TA.VCc = Com

CL = 50 pF

Mln Max

1.5 10.0

4.0 13.0

2.0 9.5

3.0 9.5

3.0 11.0

5.0 15.0

3.0 11.0

4.0 11.0

6.5 14.0

3.0 10.5

7.0 15.0

4.0 11.0

Units

ns

ns

ns

ns

ns

ns

Fig
No

2-3

2-3

2-3

2-3

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(U

tw(H)

Parameter

Setup Time, HIGH or LOW

An to LE

Hold Time, HIGH or LOW

AntoLE

LE Pulse Width, HIGH

74F

TA= +25°C

VCc= +5.0V

Min Max

5.0

5.0

6.0

6.0

6.0

54F

TA,Vcc = MII

Mln Max

5.0

5.0

6.0

6.0

6.0

74F

Ta, VCc = Com

Min Max

5.0

5.0

6.0

6.0

6.0

Units

ns

ns

Fig

No

2-6

2-4
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54F/74F548

Octal Decoder/Demultiplexer with Acknowledge

General Description
The 'F548 is a 3-to-8 line address decoder with four Enable

inputs. Two of the Enables are Active LOW and two are

Active HIGH for maximum addressing versatility. Also pro

vided is an Active LOW Acknowledge output that responds

to either a Read or Write input signal when the Enables are

active.

Features
■ 3-to-8 line address decoder

■ Multiple enables for address extension

■ Open collector acknowledge output

■ Active LOW decoder outputs

Ordering Code: see section 5

Logic Symbols Connection Diagrams

I I 1

-0

-o

-0

-0

E1

E2

E3
E4

RO

WR

Ao—

A,

A2—

E2-fc

RD—^1

W*-*

oo o, c

A, A2

2 03 0, 05

IEEE/IEC

1 IOC
2)

&

&

DMUX

1

EN8

8
EN9

ACK

TL/F/9558-3

0,8

1,8

2.8

3.8

4.8

5,8

6.8

7.8

90

*— 60

*—62

*—o3

^—o4

*—65

*-o6

^—ACK

Pin Assignment for

DIP, SOIC and Flatpak

62-

01-

ACK-

WR-

RO-

Ao-

A1~

65-

66-
GND-

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

-63

-04

-A2

-El

-h

Pin Assignment

forLCCandPCC

O5AtAoRDWR

U] 13 H] E] B

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

A0-A2

Ei,E2

E3,E4

RD

WR

ACK

O0-O7

Description

Output Select Address Inputs

Chip Enable Inputs (Active LOW)

Chip Enable Inputs

Read Acknowledge Input (Active LOW)

Write Acknowledge Input (Active LOW)

Open Collector Acknowledge Output (Active LOW)

Decoded Outputs (Active LOW)

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

OCV33.3

50/33.3

Input Im/I|L

Output Ioh/Iol

20 jliA/-0.6 mA

20 juiA/- 0.6 mA

20 jaA/-0.6 mA

20 jaA/-0.6 mA

20/llA/-0.6 mA

*/20 mA

-1 mA/20mA

*OC = Open Collector
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Functional Description

When enabled, the 'F548 accepts the Ao-A2 Address in

puts and decodes them to select one of eight active LOW,

mutually exclusive outputs, as shown in the Decoder Truth

Table. When one or more Enables is Inactive, all decoder

outputs are HIGH. Thus, the 'F548 can be used as a demul

tiplexer by applying data to one of the Enables.

The open collector Acknowledge (ACK) output is normally

HIGH (i.e., OFF) and goesJLOW when theJEnables are all

active and either the Read (RD) or Write (WR) input is LOW,

as indicated in the Acknowledge Truth Table.

Acknowledge Truth Table

Ii

H

X

X

X

L

L

L

E2

X

H

X

X

L

L

L

E3

X

X

L

X

H

H

H

Inputs

E4

X

X

X

L

H

H

H

RD

X

X

X

X

H

L

X

WR

X

X

X

X

H

X

L

Output

ACK

H

H

H

H

H

L

L

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Decoder Truth Table

Inputs Outputs

Ao Op Oj O2 O3 5s Oe 07

H

X

X

X

L

L

L

L

X

H

X

X

L H

L H

L H

L H

X

X

X

L

H

H

H

H

L L H H

L L H H

L L H H

L L H H

X

X

X

X

L

L

L

L

H

H

H

H

X

X

X

X

L

L

H

H

L

L

H

H

X

X

X

X

L

H

L

H

L

H

L

H

H

H

H

H

L

H

H

H

H

H

H

H

H

H

H

H

H

L

H

H

H

H

H

H

H

H

H

H

H

H

L

H

H

H

H

H

H H

H H

H H

H H

H

H

H

L

H

H

H

H

H

H

H

H

L

H

H

H

H

H

H

H

H

H

H

H

H

L

H

H

H

H

H

H

H

H

H

H

H

H

L

H

H

H

H

H

H

H

H

H

H

H

H

L

Logic Diagram

*—I>>-

61 62 o3 o4 o5 66 67

TL/F/9558-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ cwaAirAmw^Tam^ra*.,*
D.,,ribu«or,,oravanabH.^an<l,pec,flcat.ons. Free^rAmb,ent Temperature ^^+^

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) - 0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

•bvi

IlL

los

'CEX

'OHC

ICCH

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 74F10%VCc

74F5%VCc

Output LOW 54F10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Open Collector, Output OFF

Leakage Test

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

250

14 21

Units

V

V

V

V

V

JLtA

fxA

mA

mA

jaA

pA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Min

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'lN = -18 mA

IOH= -1mA(O0-O7)

IOh= -1mA(O0-O7)

IOH= -1mA(O0-O7)

Iol = 20 mA

Iol = 20 mA

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V

VoUT = 0V(O0-O7)

VoUT = Vcc

VOUT = VCC(ACK)

V0 = HIGH
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

01

Symbol Parameter

74F

TA= +25°C

VCc= +50V

CL = 50 pF

Mln Typ Max

54F

CL = 50pF

Mln Max

74F

Ta, Vqc = Com

CL = 50pF
Units

Fig

No

Mln Max

*PHL

Propagation Delay

An to On

2.0

4.0

5.5

8.0

8.0

9.5

3.0

4.0

10.0

12.0

1.5

4.0

9.0

10.0
ns 2-3

tpHL

Propagation Delay

E1

2.5

3.5

6.5

6.5

8.5

8.5

3.0

3.5

10.0

10.0

2.0

3.0

9.5

9.5
2-3

tpLH

tpHL

Propagation Delay

E3orE4toOn

4.0

4.0

8.5

8.5

9.5

9.5

5.0

4.0

13.0

12.5

3.0

3.5

10.5

10.5
ns 2-3

tpLH

tpHL

Propagation Delay 6.5

3.0

11.0

7.5

12.5

9.5

6.5

3.0

16.5

11.0

6.5

3.0

13.0

10.5
ns 2-3

tpi_H

tpHL

Propagation Delay

E3orE4toAgK

8.0

4.0

13.0

8.5

14.0

10.0

8.0

4.0

19.5

13.0

8.0

4.0

15.0

11.5
2-3

tpHL

Propagation Delay

RDorWRtoACK

5.5

2.5

10.0

5.0

12.0

8.0

5.5

2.5
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54F/74F550 • 54F/74F551

Octal Registered Transceiver with Status Flags

General Description
The 'F550 and 'F551 octal transceivers each contain two 8-

bit registers for temporary storage of data flowing in either

direction. Each register has its own clock pulse and clock

enable inputs, as well as a flag flip-flop that is set automati

cally as the register is loaded. Each flag flip-flop is provided

with a clear input, and each register has a separate output

enable control for its TRI-STATE® buffers. The separate

clocks, flags and enables provide considerable flexibility as

I/O ports for demand-response data transfer. The 'F550 is

non-inverting; the 'F551 inverts data in both directions.

Features
■ 8-bit bidirectional I/O port with handshake

■ Back-to-back registers for storage

■ Register status flag flip-flops

■ Separate edge-detecting clears for flags

■ Inverting and non-inverting versions

■ B outputs sink 64 mA (48 mA Mil)

Ordering Code: see section 5

Connection Diagrams

Pin Assignment for

DIP,SOICandFlatpak

'F550

A3-

A4-

A5-
CFBA-

FBA-

Ag-

A7-

VCC"

B7-

Bg—

FAB-

CFAB-

B5-

B4-

1

2

3

4

5

6

7

8

9

10

11

12

13

14

28

27

26

25

24

23

22

21

20

19

18

17

16

15

-A2

-A,

-OEA

-CPB

-CO

-GND

-CEA

-CPA

-OEB

"Bo

-B,

•F551

v

V

CFBA-

FBA-

V

Be"
FAB-

CFAB-

2

3

4

5

6

7

8

9

10

11

12

13

14

28

27

26

25

24

23

22

21

20

19

18

17

16

15

-h
-*,

-Ao
-OEA

-CPB

-CEA

-CPA

-OEB

"Bo

-B,

IEEE/IEC

/

CPA ED S
CEAlUlbl
GNDO 1

era ED 5
CPB ED j

0EAE3J

Pin Assignment

forLCCandPCC

•F550

im

E3 Ooj [g H] 13 m m

HCFAB

[3 FAB

[HB6

CDBy

TL/F/9559-2

TL/F/8559-1

'F551

10 M HI H3 El H3 HI

TL/F/9559-9

TL/F/9559-8
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Connection Diagrams (continued)

'F550

FAB

FBA

Logic Symbols

'F550

—

-0
-0
-0
-0

CFBA ^
CFAB

CPA

CPB

CEA

CEB

OEA

OEB B

Ai A2 A3 A4 Ag Ag A7

0 B1 B2 B3 B4 B5 B6 B7

I I I I I I I I

-FAB

-FBA

TL/F/0559-3

'F551

FAB

FBA

T551

——

-0
-0
-0
-0

CFBA

CFAB

CPA

CPB

CEA

CEB

OEA

OEB

Ao

B

Ai

0 B

A2 A3

i B3

A4 Ag Ag

B4 B5 B6

6
Ay

B7

-FAB

-FBA

YYYYYYY?

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names Description

54F/74F

U.L

HIGH/LOW

Input I,h/Iil

Output Iqh/Iql

CPA

CPB

ees

UEB

SEA

OEB

CFAB

CFBA

A0-A7

B0-B7

FAB

FBA

A-to-B Clock Pulse Input (Active Rising Edge)

B-to-A Clock Pulse Input (Active Rising Edge)

A-to-B Clock Enable Input (Active LOW)

B-to-A Clock Enable Input (Active LOW)

A Output Enable Input (Active LOW)

B Output Enable Input (Active LOW)

A-to-B Flag Clear Input (Active Rising Edge)

B-to-A Flag Clear Input (Active Rising Edge)

A-to-B Data Inputs or

TRI-STATE B-to-A Outputs

B-to-A Data Inputs or

TRI-STATE A-to-B Outputs

A-to-B Status Flag Output (Active HIGH)

B-to-A Status Flag Output (Active HIGH)

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

3.5/1.083

150/40(33.3)

3.5/1.083

600/106.6(80)

50/33.3

50/33.3

20jitA/-0.6mA

20 /*A/ -0.6 mA

20 jaA/- 0.6 mA

20 nA/- 0.6 mA

20 fiA/-0.6 mA

20 jmA/- 0.6 mA

20/iA/-0.6mA

20 /iA/- 0.6 mA

70jaA/-0.65mA

-3mA/24mA(20mA)

70 jmA/-0.65 mA

-12mA/64mA(48mA)

-1 mA/20mA

-1 mA/20mA
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Functional Description
Data applied to the A inputs is entered and stored on the

rising edge of the_A Clock Pulse (CPA), provided that the A

Clock Enable (CEA) is LOW; simultaneously, the status flip-

flop is set and the A-to-B flag (FAB) output goes HIGH. Data

thus entered from the A inputs is present at the inputs to the

B output buffers, but only appears on the B I/O pins when

the B Output Enable (OEB) signal is made LOW. After the B

output data is assimilated, the receiving system clears the

A-to-B flag flip-flop by applying a LOW-to-HIGH tran-

Logic Diagrams

sition to the CFAB input. Optionally, the OEB and CFAB

pins can be tied together and operated by one function from

the receiving system.

Data flow from B-to-A proceeds in the same manner de

scribed for A-to-B flow. Inputs CEB and CPB enter the B

input data and seUhe B-to-A flag (FBA) output HIGH. A

LOW signal on OEA enables the A output buffers and a

LOW-to-HIGH transition on CFBA clears the FBA flag.

'F550

CEA—O|> L-J>
TL/F/9559-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Logic Diagrams (continued)

'F551

■ DETAIL A

Ao-J

A,-O

A2-0

Aj-O

A4-0

As-0

A6-0

CFBA—♦

OEA

CPA

A7-0

i-o^

•— CP

O D

CE CE

-I-?-

Q

CP —

n r\ -

CE CE

., . ....

DETAIL Ax7

Q CP

D

CD

i

_l

CH>H

—O-
ISo 1

CEA 0^ 1

ISo
\?°

ISo

......

|-Bo

O-B,

0-B2

0-B3

o-s4

0-B5

0-B6

0-B7

I

—o<

-<
1
J

o^i 1

CP Q

D

CD

A

!»—

♦—CFAB

OEB

CPB

— cm

TL/F/9559-12

Please note that this diagram is provided oniy for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note 1) Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ craaAirAmw^TamnarO«urfl
Distributors for availability and specifications. Free^/urAmbient Temperature _55oCto +125oC

Storage Temperature -65°Cto+150°C Commercial 0°Cto+70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V NotG 1: Absolute maximum ratings are values beyond which the device may

*», .. ,*. A «v «„.....,«., be damaged or have its useful life impaired. Functional operation under
Input Voltage (Note 2) -0.5V to + 7.0V the8e con8ditlon8 i8 not Imp|led.

Input Current (Note 2) - 30 mA to + 5.0 mA Note 2: Either voltage limit or current limit is sufficient to protect inputs.

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

■bvi

IlL

I|H + 'OZH

'lL + 'OZL

los

ICEX

Izz

ICCH

ICCL

'ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 54F10%VCc

54F10%VCc

74F10%VCc

74F10%VCc

74F10%VCc

74F5%VCc

74F5%Vcc

74F10%Vcc

Output Low 54F10%Vcc

Voltage 54F10%VCc

74F10%Vcc

74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.0

2.5

2.4

2.0

2.7

2.7

2.0

0.5

0.55

0.5

0.55

20

100

-0.6

70

-650

-60 -150

-100 -225

250

500

84 140

105 140

102 140

Units

V

V

V

V

V

liA

pA

mA

jtA

liA

mA

mA

MA

jiA

mA

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

llN = -18 mA

IOH= -1mA(Ao-A7)

IOH= -3mA(A0-A7)

IOH= -12mA(B0-B7)

IOH= -1mA(A0-A7)

IOH= -3mA(A0-A7)

lOH=-12mA(B0-B7)

IOH= -1mA(A0-A7)

IOh= -3mA(Ao-A7)

IOH= -15mA(B0-B7)

IOL = 20mA(Ao-A7)

Iol = 48 mA (B0-B7)

IOL = 24mA(A0-A7)

Iol = 64 mA (B0-B7)

V|N = 2.7V (Non I/O Inputs)

V,N = 7.0V (Non I/O Inputs)

Vim = 0.5V (Non I/O Inputs)

V0UT = 2.7V (A0-A7>B0-B7)

V0UT = 0.5V(Ao-A7,B0-B7)

V0UT = OV(Ao-A7)

V0UT = OV(Bo-B7)

VOUT = Vcc

VOUT = Vcc

Vo = HIGH

V0 = LOW

V0 = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpLH

tpHL

tpLH

tpHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Propagation Delay

CPAorCPBtoBnorAn

Propagation Delay

CPA or CPB to FBA or FAB

Propagation Delay

CFAB or CFBA to FAB or FBA

Output Enable Time

OEA or OEB to An or Bn

Output Disable Time

OEA or OEB to An or Bn

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

Min Typ Max

3.0 5.5 7.5

4.0 7.0 9.0

3.5 6.0 8.0

5.0 9.0 11.5

2.5 5.5 7.5

3.5 7.0 9.5

3.0 6.5 9.0

2.5 5.5 7.5

54F

Ta,VCC = MII

CL = 50pF

Min Max

74F

Ta» VCc = Com

CL = 50pF

Min Max

2.5 8.5

3.5 10.0

3.0 9.0

4.5 13.0

2.0 8.5

3.0 10.5

2.5 10.0

2.0 8.5

Units

ns

ns

ns

ns

Fig

No

2-3

2-3

2-3

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(L)

th(H)

th(L)

tw(H)

tw(L)

WH)

tree

Parameter

Setup Time, HIGH or LOW

AniBntoCPA,CPB

Hold Time, HIGH or LOW

An, Bn to CPA, CPB

Setup Time, HIGH or LOW

CEA,CEBtoCPA,CPB

Hold Time, HIGH or LOW

SEA, CEB to CPA, CPB

Pulse Width, HIGH or LOW

CPA or CPB

Pulse Width, HIGH

CFAB or CFBA

Recovery Time

CFAB, CFBA to CPA, CPB

74F

TA = +25°C

VCc = +5.0V

Min Max

4.0

4.0

2.0

2.0

1.0

4.0

2.0

2.0

3.0

3.0

3.0

9.0

54F

TA,Vcc = MII

Min Max

74F

Ta» VCc = Com

Min Max

4.5

4.5

2.5

2.5

1.5

4.5

2.5

2.5

3.5

3.5

3.5

10.0

Units

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-4

2-4

2-6
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National
Semiconductor

54F/74F552

Octal Registered Transceiver with Parity and Flags

General Description
The 'F552 octal transceiver contains two 8-bit registers for

temporary storage of data flowing in either direction. Each

register has its own clock pulse and clock enable input as

well as a flag flip-flop that is set automatically as the register

is loaded. The flag output will be reset when the output en

able returns to HIGH after reading the output port. Each

register has a separate output enable control for its TRI-

STATE® buffer. The separate Clocks, Flags, and Enables

provide considerable flexibility as I/O ports for demand-re

sponse data transfer. When data is transferred from the A-

port to the B-port, a parity bit is generated. On the

other hand, when data is transferred from the B-port to the

A-port, the parity of input data on B0-B7 is checked.

Features
■ 8-Bit bidirectional I/O Port with handshake

■ Register status flag flip-flops

■ Separate clock enable and output enable

■ Parity generation and parity check

■ B-outputs sink 64 mA

■ TRI-STATE outputs

Ordering Code: see section 5

Logic Symbols Connection Diagrams

1 1 1 1 1 1 1 1

Pin Assignment

for DIP, SOIC and Flatpak

-O CER *0 A1 A* A3 A4 *5 *6

-Oces

CPR

CPS

-OOEBR

-0 QMS B0 B, B2 B3 B4 B5 B6

ERROR

FR

FS

B5-

B6-
B7-

Til I II I I I
TL/F/8561-1

IEEE/IEC

CPR-

CER-

OEBR-

CPS-

CES-

OEAS-

>1C2

EN1

EN5

>C4

EN3

EN6

1 r

• Z7

6

6,7

5

r
V 3.4,6 1.2,5 V

A7-

A6-

A5-
A4-

2

3

4

5

6

7

8

9

10

11

12

13

14

28

27

26

25

24

23

22

21

20

19

18

17

16

15

Pin Assignment

forLCCandPCC

0EASA0A1A2AjA4A5

-B2

-B,

-OEAS

-A2

B2 B3 B4 B5 B6 B7 OEBR

-FS

-FR
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Unit Loading/Fan Out: See Section 2 for U.L definitions
a

Pin Names

A0-A7

B0-B7

FR

FS

PARITY

ERROR

CER

CES

CPR

CPS

OEBR

OEAS

Description

A-to-B Port Data Inputs or

B-to-ATRI-STATE

B-to-A Transceiver Inputs or

A-to-B TRI-STATE Output

B Port Flag Output

A Port Flag Output

Parity Bit Transceiver Input or Output

Parity Check Output (Active LOW)

R Registers Clock Enable Input (Active LOW)

S Registers Clock Enable Input (Active LOW)

R Registers Clock Pulse Input (Active Rising Edge)

S Registers Clock Pulse Input (Active Rising Edge)

B Port and PARITY Output Enable (Active LOW)

and Clear FR Input (Active Rising Edge)

A Port Output Enable (Active LOW)

and Clear FS Input (Active Rising Edge)

54F/74F

U.L.

HIGH/LOW

3.5/1.083

150/40(33.3)

3.5/1.083

600/106.6(80)

50/33.3

50/33.3

3.5/1.083

600/106.6(50)

50/33.3

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/2.0

1.0/2.0

Input I|H/Iil

Output Ioh/Iol

70 fjiA/- 0.65 mA

-3mA/24mA(20mA)

70/iA/-0.65mA

-12mA/64mA(48mA)

-1 mA/20mA

-1 mA/20mA

70|mA/-0.65mA

-12mA/64mA(48mA)

-1 mA/20mA

20 /LtA/ -0.6 mA

20 jbiA/- 0.6 mA

20 jxA/-0.6 mA

20 jutA/—0.6 mA

20 jutA/-1.2 mA

20 fW- 1.2 mA

Functional Description

Data applied to the A-inputs are entered and stored in the R

register on the rising edge of the CPR Clock Pulse, provided

that the Clock Enable (CER) is LOW; simultaneously, the

status flip-flop is set and the flag (FR) output goes HIGH. As

the Clock Enable (CER) returns to HIGH, the data will be

held in the R register. These data entered from the A-inputs

will appear at the B-port I/O pins after the Output Enable

(OEBR) has gone LOW. When OEBR is LOW, a parity bit

appears at the PARITY pin, which will be set HIGH when

there is an even number of 1 s or all 0s at the Q outputs of

the R register. After the data is assimilated, the receiving

system clears the flag FR by changing the signal at the

OEBR pin from LOW to HIGH.

Data flow from B-to-A proceeds in the same manner de

scribed for A-to-B flow. A LOW at the CES pin and a LOW-

to-HIGH transition at CPS pin enters the B-input data and

the parity-input data into the S registers and the parity regis

ter respectively and set the flag output FS to HIGH. A LOW

signal at the OEAS pin enables the A-port I/O pins and a

LOW-to-HIGH transition of the OEAS signal clears the FS

flag. When OEAS is LOW, the parity check output ERROR

will be HIGH if there is an odd number of 1 s at the Q outputs

of the S registers and the parity register. The flag FS can be

cleared by a LOW-to-HIGH transition of the OEAS signal.

Register Function Table

(Applies to R or S Register)

Output Control

OE

H

L

L

Internal

Q

X

L

H

AorB

Outputs

Z

L

H

Function

Disable Output

Enable Output

Enable Output

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

Flag Flip-Flop Function Table

(Applies to R or S Flag Flip-Flop)

Inputs

CE CP OE

H X t

L ^/- t

X X S~

Flag

Output

NC

H

L

Function

Hold Flag

Set Flag

Clear Flag

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

-/~ = LOW-to-HIGH Transition

t = Not LOW-to-HIGH Transition

NC = No Change

Inputs

D CP CE

X X H

L _jT L

H ^/~ L

X t L

Internal

Q

NC

L

H

NC

Function

Hold Data

Load Data

Keep Old Data

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

^/~ = LOW-to-HIGH Transition

t = Not LOW-to-HIGH Transition

NC = No Change
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Functional Description
Parity Generation Function Parity Check Function

OEBR

H

L

L

Number of HIGHs In the

Q Outputs of the R Register

X

0,2,4,6,8

1.3,5,7

Parity Output

Z

H

L

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

Block Diagram

OEAS

H

L

L

L

L

Number of HIGHs in

the Q Outputs of

the S Register

X

0,2,4, 6, 8

1,3,5,7

0,2,4,6, 8

1.3,5,7

Parity

Input

X

L

L

H

H

ERROR Output

H

L

H

H

L

H = HIGH Voltage Level

L = LOW Voltage Level

X <= Immaterial

FS

m oh> i is

cpr r^^^k

Aq i

*7

ERROR

I

FLAG FUG

■i

FR

^U 1 OEBR

§q REGiSTER-S

SO

R7

REGBTER-R R7

S7 REGISTER-S

S7

PARITY

CHECK

PARITY

GENERATION

1

XT "

, ~^\ 1 ^U CES

(

-

wss| • Vf

~^\ cps

O<sl

Bo

PARITY

TL/F/9S61-4
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ Free Air Amhient Temneratum
Distributors for availability and specifications. ^m^ TemPerature _^ +^
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias —55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to +7.0V

Input Current (Note 2) —30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output - 0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

llH

Ibvi

•bvit

IlL

I|H + 'OZH

IlL + IOZL

"OS

'CEX

Izz

'CCH

»CCL

'ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 54F10%VCc

54F10%VCc
74F10%VCc
74F10%VCc
74F10%VCc
74F 5% VCc

74F5%Vcc
74F 5% Vcc

Output LOW 54F 10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

74F10%VCC

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-

Circuit Current

Output HIGH Leakage Current

Buss Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.0

2.5

2.4

2.0

2.7

2.7

2.0

0.5

0.55

0.5

0.5

0.55

20

100

1.0

-0.6

-1.2

70

-650

-60 -150

-100 -225

250

500

100 150

100 150

110 165

Units

V

V

V

V

V

,iA

/xA

mA

mA

^A

fiA

mA

fiA

pA

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA (CER, CES, CPR, CPS, UlBR, 5Efi§)

Ioh = -1 mA (FR, FS, ERROR, An)

IOH= -3 mA (An, Bn, PARITY)

IOh= -12 mA(Bn, PARITY)

Ioh = -1 mA (FR, FS, ERROR, An)

IOh= -3 mA(An,Bn PARITY)

IOh= -12 mA(Bn, PARITY)

Ioh = -1 mA (FR, FS, ERROR, An)

IOh= -3 mA (An, Bn, PARITY)

IOh= -15 mA(Bn, PARITY)

Iol = 20 mA (FR, FS, ERROR, An)

IOl = 48 mA(Bn, PARITY)

Iol = 20 mA (FR, FS, ERROR)

Iol = 24 mA (An)

Iol = 64 mA (Bn, PARITY)

V|N = 2.7V (CER, CIS, CPR, CPS, OEBR, SEAS)

V|N = 7.0V (CER, CE5, CPR, CPS, OEBR, 5EA§)

V,N = 5.5V (An,Bn, PARITY)

V|N = 0.5V (CER, UE§, CPR, CPS)
V|N = 0.5V (OEBR, SEA§)

VOut = 2.7V (An, Bn, PARITY)

V0UT = 0.5V (An, Bn, PARITY)

V0UT = 0V (FR, FS, ERROR, An)

V0UT = 0V (Bn, PARITY)

VoUT = VCc (FR. FS, ERROR, An, Bn, PARITY)

V0UT = Vcc (An, Bn, PARITY)

Vo = HIGH

Vo = LOW

Vo = HIGH Z

4-461



AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpLH

tpHL

tpLH

tpHL

tpLH

tPHL

tpi_H

tpHL

tpLH

tPHL

tpZH

tpZL

tpHZ

tpLZ

tpZH

tpZL

tpHZ

tpLZ

Parameter

Propagation Delay

CPS or CPR to An or Bn

Propagation Delay

CPSorCPRtoFSorFR

Propagation Delay

OEAS to FS

Propagation Delay

CPS to Parity

Propagation Delay

CPR to ERROR

Propagation Delay

OEAS to ERROR

Enable Time OEAS

orOEBRtoBnorAn

Disable Time OEA§

orOEBRtoBnorAn

Enable Time

UEBR to Parity

Disable Time

OEBR to Parity

74F

TA= +25°C

VCc = +5.0V

CL=50pF

Min Typ Max

3.5 6.0 8.0

4.0 7.0 9.5

3.0 5.5 7.5

3.5 6.0 8.0

8.0 14.0 18.0

8.5 14.5 18.5

8.0 13.5 17.5

7.5 13.0 16.5

3.5 6.0 8.0

3.0 5.0 7.0

3.0 5.5 7.5

3.5 7.0 9.5

3.0 6.5 8.5

3.0 5.5 7.5

3.0 4.5 7.5

3.5 6.0 9.5

3.0 5.5 8.5

3.0 6.5 7.5

54F

TA, VCC = Mil

CL = 50 pF

Mln Max

74F

TA> VCC = Com

CL = 50 pF

Mln Max

3.0 9.0

3.5 10.5

2.5 8.5

3.0 9.0

7.0 20.0

7.5 20.5

7.0 19.5

6.5 18.5

3.0 9.0

2.5 8.0

2.5 8.5

3.0 10.5

2.5 9.5

2.5 8.5

2.5 8.5

3.0 10.5

2.5 9.5

2.5 8.5

Units

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-3

2-3

2-3

2-3

2-3

2-3

2-5

2-5
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AC Operating Requirements: see section 2 tor waveforms

Symbol Parameter

74F

TA= +25°C

VCc= +5.0V

Min Max

54F

Mln Max

74F

TA, VCc = Com Units
No

Min Max

ts(H)

ts(L)

th(H)

th(D

Setup Time, HIGH or LOW

An or Bn or Parity

toCPSorCPR

7.5

4.5

Hold Time, HIGH or LOW

An or Bn or Parity

toCPSorCPR

8.5

5.0

2-6

ts(H)

ts(U

tn(H)

th(L)

Setup, Time HIGH or LOW

CESorCERtoCPSorCPR

6.0

10.0

Hold Time, HIGH or LOW

CES or CER to CPS or CPR

7.0

11.5
2-6

tw(H)

tw(L)

Pulse Width, HIGH or LOW

CPS or CPR

4.0

6.0

4.5

7.0
2-4
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National

Semiconductor

54F/74F563

Octal D-Type Latch with TRI-STATE® Outputs

General Description Features
The 'F563 is a high-speed octal latch with buffered common ■ Inputs and outputs on opposite sides of package

Latch Enable (LE) and buffered common Output Enable allowing easy interface with microprocessors

(OE) inputs.

This device is functionally identical to the 'F573, but has

inverted outputs.

Useful as input or output port for microprocessors

Functionally identical to 'F573

Ordering Code: see section 5

Logic Symbols Connection Diagrams

-0

I I I I I I I

LE

OE

Oq 01 02 03 04 O5 O5 07

YYYYYYYY
TL/F/9562-3

IEEE/IEC

0E-*

LE

Do—
D,—

D2—

D4—

EN

C1

1D > V *— oo

*—°1
*-o2

*-°3

*-°4
*-o5

*-os

*-07

Pin Assignment for

DIP.SOICandFlatpak

OE-

D0~

D1"

D2-

D3""
D4-

D5"

D6"

l>7-
GND-

1

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

Pin Assignment

lorLCCandPCC

D6 "% 04 D, Dj

in hi m m h

-6,

-°2

-6,
-64

-65

-5,

-67
-LE

03 m El E3 (H

65 64 o3 62 o1

Unit Loading/Fan Out: See Section 2 for UL definitions

Pin Names

D0-D7

LE

OE

O0-O7

Description

Data Inputs

Latch Enable Input (Active HIGH)

TRI-STATE Output Enable Input (Active LOW)

TRI-STATE Latch Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input Iih/Iil

Output Ioh/'ol

20 jutA/-0.6 mA

20/xA/-0.6 mA

20 juA/- 0.6 mA

-3mA/24mA(20mA)
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Functional Description
The T563 contains eight D-type latches with TRI-STATE

output buffers. When the Latch Enable (LE) input is HIGH,

data on the Dn inputs enters the latches. In this condition

the latches are transparent, i.e., a latch output will change

state each time its D input changes. When LE is LOW the

latches store the information that was present on the D in

puts a setup time preceding the HIGH-to-LOW transition of

LE. The TRI-STATE buffers are controlled by the Output

Enable (OE) input. When OE is LOW, the buffers are in the

bi-state mode. When OE is HIGH the buffers are in the high

impedance mode but this does not interfere with entering

new data into the latches.

01

s

Function Table

Inputs

OE LE D

H X X

H H L

H H H

H L X

L H L

L H H

L L X

Internal

Q

X

H

L

NC

H

L

NC

Output

0

Z

z

z

z

H

L

NC

Function

HighZ

HighZ

HighZ

Latched

Transparent

Transparent

Latched

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

NC = No Change

Logic Diagram

Do D, D2 D3 D4 D5 D6 Dy

Ln L n Ln Ln Ln Ln LD L

Q 1 Q H Q n Q n

OE

0, 62 O3 04 O5 06 Oy

TL/F/9562-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

4-465



Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ Free Ajr Ambjent T ature

Distributors for availability and specifications. Mj|jtary H _ 55oC t0 +125oC

Storage Temperature - 65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55PC to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) - 0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOL (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

VOH

V0L

I|H

•bvi

IlL

'OZH

•OZL

"OS

ICEX

Izz

»CCL

'ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 54F10%Vcc

74F10%VCc

74F10%Vcc

74F 5% Vcc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

40 61

40 61

Units

V

V

V

V

V

ItA

fiA

mA

^A

HA

mA

pA

/iA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

oooooo IIIIIIllllII illlll CO-»•CO-»•CO-»•Iql = 20 mA

Iql = 24 mA

Vin = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 2.7V

V0UT = 0.5V

VouT = 0V

VOUT = Vcc

VOUT = Vcc

V0 = LOW

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpLH

tpHL

tpi_H

tPHL

tpZH

*PZL

tpHZ

tpLZ

Parameter

Propagation Delay

DntoOn

Propagation Delay

LEtoOn

Output Enable Time

Output Disable Time

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

3.5 8.5

2.5 6.5

4.5 9.5

3.0 7.0

2.0 7.5

3.0 8.5

1.5 5.5

1.5 5.5

54F

TA,Vcc = MII

CL = 50 pF

Min Max

3.0 10.5

2.0 7.5

4.0 11.0

2.5 7.5

2.0 9.5

2.5 10.0

1.5 7.0

1.5 5.5

74F

Ta» VCc = Com

CL = 50 pF

Min Max

3.0 9.5

2.0 7.0

4.0 10.5

2.5 7.0

2.0 9.0

1.5 9.5

1.5 6.5

1.5 5.5

Units

ns

ns

ns

Fig

No

2-3

2-3

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(U

th(H)

th(L)

tw(H)

Parameter

Setup Time, HIGH or LOW

DntoLE

Hold Time, HIGH or LOW

DntoLE

LE Pulse Width, HIGH

74F

TA= +25°C

VCc= +5.0V

Min Max

2.0

2.0

3.0

3.0

4.0

54F

TA,Vcc = MII

Min Max

2.0

2.0

3.0

3.0

4.0

74F

TA,VCC = Com

Min Max

2.0

2.0

3.0

3.0

4.0

Units

ns

ns

ns

Fig

No

2-6

2-6

2-4
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National
Semiconductor

54F/74F564

Octal D-Type Flip-Flop with TRI-STATE® Outputs

General Description
The 'F564 is a high-speed, low power octal flip-flop with a

buffered common Clock (CP) and a buffered common Out

put Enable (OE). The information presented to the D inputs

is sorted in the flip-flops on the LOW-to-HIGH Clock (CP)

transition.

This device is functionally identical to the 'F574, but has

inverted outputs.

Features
■ Inputs and outputs on opposite sides of package allow

easy interface with microprocessors

■ Useful as input or output port for microprocessors

■ Functionally identical to 'F574

■ TRI-STATE outputs for bus-oriented applications

Ordering Code: see section 5

Logic Symbols

I 1 I I I I I

Connection Diagrams

Do
CP

OE

0E-*

CP

D0

D1
D2

D3

D4

D5

D6

D7—

D1 D2 D3 D4 D5

01 02 O3 O4 O5

?????

IEEE/IEC

EN

ID > V

D6 Dy

06 07

99
TL/F/9563-3

^*^ 0

^^™ Oi

*—52

^-o3

*—o4

^o5

*~o6

Pin Assignment

for DIP, SOIC and Flatpak

Pin Assignment

for LCC and PCC

OE-

Do-

D,-

D2-

D3"
D4-

D5-

D6~

D7-
GND-

1

2

3

4

5

6

7

8

9

10

20

19

18

17

16

IS

14

13

12

11

-vcc
-o0

-°1

-62

-03

-54

-o7

-CP

01 on in on Ei

65 o4 o3 62 0)

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

D0-D7

CP

OE

O0-O7

Description

Data Inputs

Clock Pulse Input (Active Rising Edge)

TRI-STATE Output Enable Input (Active LOW)

TRI-STATE Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input Iih/Iil

Output Ioh/Iol

20 jllA/—0.6 mA

20 fiA/-0.6 mA

20 julA/—0.6 mA

-3mA/24mA(20mA)
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Functional Description
The 'F564 consists of eight edge-triggered flip-flops with in

dividual D-type inputs and TRI-STATE true outputs. The

buffered clock and buffered Output Enable are common to

all flip-flops. The eight flip-flops will store the state of their

individual D inputs that meet the setup and hold times re

quirements on the LOW-to-HIGH Clock (CP) transition. With

the Output Enable (OE) LOW, the contents of the eight flip-

flops are available at the outputs. When OE is HIGH, the

outputs go to the high impedance state. Operation of the

OE input does not affect the state of the flip-flops.

Function Table

Inputs

OE CP D

H H L

H H H

H -X" L

H _/" H

L _^ L

L ^- H

L H L

L H H

Internal

Q

NC

NC

H

L

H

L

NC

NC

Outputs

0

z

z

z

z

H

L

NC

NC

Function

Hold

Hold

Load

Load

Data Available

Data Available

No Change in Data

No Change in Data

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

^T = LOW-to-HIGH Transition

NC = No Change

60 6t 62 63 64 o5 66

TL/F/9563-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ - ^ A. Af¥,ut^#T««i««r«t.,«>

Dtotributor, for avaHaWHty and«M. **£?*"* ' -55-Cto + 125-C
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

Vol.

I|H

Ibvi

IlL

'OZH

'OZL

los

'CEX

izz

iccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 54F10%Vcc

74F%10%Vcc

74F%10%Vcc

74F% 5% Vcc

74F% 5% Vcc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

55 86

Units

V

V

V

V

V

pA

pA

mA

pA

pA

mA

MA

pA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

•lN = —18 mA

Ioh = -1 mA

IOh= -3 mA

Ioh = -1 mA

Ioh = -3 mA

Ioh = -1 mA

Ioh = -3 mA

Iol = 20 mA

Iol = 24 mA

V,N = 2.7V

V|N = 7.0V

V,N = 0.5V

VouT = 2.7V

VoUT = 0.5V

VoUT = 0V

VOUT = Vcc

VOUT = VCC

V0 = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Maximum Clock Frequency

Propagation Delay

CPtoOn

Output Enable Time

Output Disable Time

74F

TA= +25°C

VCc= + 5.0V

CL = 50 pF

Min Typ Max

100

2.5 5.2 8.5

2.5 5.9 8.5

3.0 5.6 9.0

3.0 6.2 9.0

1.5 3.4 5.5

1.5 2.7 5.5

54F

TA, vCc = Mil

CL = 50 pF

Min Max

60

2.5 9.5

2.5 9.5

2.5 10.5

2.5 10.5

1.5 7.0

1.5 7.0

74F

TA,VCC = Com

CL = 50pF

Min Max

70

2.5 8.5

2.5 8.5

2.5 10.0

2.5 10.0

1.5 6.5

1.5 6.5

Units

MHz

ns

ns

Fig

No

2-1

2-3

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

tw(H)

tw(U

Parameter

Setup Time, HIGH or LOW

DntoCP

Hold Time, HIGH or LOW

DntoCP

CP Pulse Width

HIGH or LOW

74F

TA= +25°C

VCc= +5.0V

Min Max

2.0

2.5

2.0

2.0

5.0

5.0

54F

Ta,VCC = MII

Min Max

2.5

3.0

2.0

2.0

5.0

5.0

74F

TA,VCc = Com

Min Max

2.0

2.5

2.0

2.0

5.0

5.0

Units

ns

ns

Fig
No

2-6

2-4
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

P0-P3
CEP

SET

CP

PE

U/D

OE

MR

SR

O0-O3

TC

CC

Description

Parallel Data Inputs

Count Enable Parallel Input (Active LOW)

Count Enable Trickle Input (Active LOW)

Clock Pulse Input (Active Rising Edge)

Parallel Enable Input (Active LOW)

Up/Down Count Control Input

Output Enable Input (Active LOW)

Master Reset Input (Active LOW)

Synchronous Reset Input (Active LOW)

TRI-STATE Parallel Data Outputs

Terminal Count Output (Active LOW)

Clocked Carry Output (Active LOW)

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

50/33.3

50/33.3

Input I|H/Iil

Output Ioh/Iol

20 /LtA/ -0.6 mA

20 /xA/- 0.6 mA

20 \lM- 1.2 mA

20 jllA/—0.6 mA

20 fiA/-1.2 mA

20 jutA/-0.6 mA

20 j*A/ -0.6 mA

20 /iA/- 0.6 mA

20 /xA/ -0.6 mA

-3mA/24mA(20mA)

-1 mA/20mA

-1 mA/20mA

Functional Description

The 'F568 counts modulo-10 in the BCD (8421) sequence.

From state 9 (HLLH) it will increment to 0 (LLLL) in the Up

mode; in Down mode it will decrement from 0 to 9. The

'F569 counts in the modulo-16 binary sequence. From state

15 it will increment to state 0 in the Up mode; in the Down

mode it will decrement from 0 to 15. The clock inputs of all

flip-flops are driven in parallel through a clock buffer. All

state changes (except due to Master Reset) occurs syn

chronously with the LOW-to-HIGH transition of the Clock

Pulse (CP) input signal.

The circuits have five fundamental modes of operation, in

order of precedence: asynchronous reset, synchronous re

set, paralleljoad, count and hold. Five control inputs—Mas-

ter_Reset (MR), Synchronousjteset (SR), Parallel Enable

(PE), Count Enable Parallel (CEP) and Count Enable Trickle

CET)—plus the Up/Down (U/D) input, determine the mode

of operation as shown in the Mode Select Table. A LOW

signal on MR overrides all other inputs and asynchronously

forces the flip-flop Q outputs LOW. A LOW signal on SR

overrides counting and parallel loading and allows the Q

outputs to_go LOW on the next rising edge of CP. A LOW

signal on PE overrides counting and allows information on

the Parallel Data (Pp) inputs to be loadedjnto the flip-flops

on the nexUising edge of CP. With MR, SR and PE HIGH,

UEP and CET permit counting when both are LOW. Con

versely, a HIGH signal on either CEP or CET inhibits count

ing.

The 'F568 and 'F569 use edge-triggered flip-flops and

changing the SR, PE, CEP, CET or U/D inputs when the CP

is in either state does not cause errors, provided that the

recommended setup and hold times, with respect to the ris

ing edge of CP, are observed.

Two types of outputs are provided as overflow/underflow

indicators. The Terminal Count (T5) output is normally HIGH

and goes LOW providing CET is LOW, when the

counter reaches zero in the Down mode, or reaches maxU

mum (9 for the 'F568,15 for the 'F569) in the Up mode. TC

will then remain LOW until a state change occurs, whether

by counting or presetting, or until U/D or CET is changed.

To implement synchronous multistage counters, the con-

nections between the TC output and the CEP and CET in

puts can provide either slow or fast carry propagation.

Figure 1 shows the connections for simple ripple carry, in

which the clock period must be longer than the CP to TC

delay of the first stage, plus the cumulative CET to TC de

lays of the intermediate stages, plus the CET to CP setup

time of the last stage. This total delay plus setup time sets

the upper limit on clock frequency. For faster clock rates,

the carry lookahead connections shown in Figure 2 axe rec

ommended. In this scheme the ripple delay through the in

termediate stages commences with the same clock that

causes the first stage to tick over from max to min in the Up

mode, or min to max in the Down mode, to start its final

cycle. Since this final cycle takes 10 (fF568) or 16 (fF569)

clocks to complete, there is plenty of time for the ripple to

progress through the intermediate stages^The critical timing

that limits the clock period is the CP to TC delay of the first

stage plus the CEP to CP setup time of the last stage. The

TC output is subject to decoding spikes due to internal race

conditions and is therefore not recommended for use as a

clock or asynchronous reset for flip-flops, registers or coun

ters. For such applications, the Clocked Carry (5C) output is

provided. The CC outputs normally HIGH. When CEP, CET,

and TC are LOW, the CC output will go LOW when the clock

next goes LOW and will stay LOW until the clock goes HIGH

again, as_shown in the CC Truth Table. When the Output

Enable (OE) is LOW, the parallel data outputs O0-O3 are

active and follow the flip-flop Q outputs. A HIGH signal on

OE forces O0-O3 to the High Z state but does not prevent

counting, loading or resetting.
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Logic Equations
Count Enable = CEP • GET ^PE

Up ('F568): TC = Qo • Qi • Q2 • Q3 • (Up) • CET

(T569): TC^= Qg_« Qi_« C>2_» Q3_» (Up) • CEf
Down (Both): TC = Qo • Q1 • Q2 • Q3 • (Down) • CET

CC Truth Table

Inputs

SR

L

X

X

X

X

H

PE

X

L

X

X

X

H

CEP

X

X

H

X

X

L

CET

X

X

X

H

X

L

TC*

X

X

X

X

H

L

CP

X

X

X

X

X

"LT

Output

CC

H

H

H

H

H

i_r

•TC is generated internally

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

U" = HIGH-to-LOW-to-HIGH Clock Transition

Mode Select Table

Inputs

MR

L

H

H

H

H

H

H

SR

X

L

H

H

H

H

H

PE

X

X

L

H

H

H

H

CEP

X

X

X

H

X

L

L

CET

X

X

X

X

H

L

L

U/D

X

X

X

X

X

H

L

Operating

Mode

Asynchronous Reset

Synchronous Reset

Parallel Load

Hold

Hold

Count Up

Count Down

H=HIGH Voltage Level

L=LOW Voltage Level

X=Immaterial

COUNT

CP TO ALL STAGES

FIGURE 1: Multistage Counter with Ripple Carry

TL/F/9565-5

COUNT -

CP-1—►

CET

CP

ill

L—►€

CEP

CET TC

CEP

CET TC

CEP

CET TC

TO ALL STAGES

FIGURE 2: Multistage Counter with Lookahead Carry

CEP

CET
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State Diagrams

•F568

- COUNTDOWN

- COUNT UP

T569
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Logic Diagrams
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ cMaAirAmhian»Tflmnflrat.1ra

Distributors for availability and specifications. Mlitery TemPerature _5J.0C tQ +^
Storage Temperature - 65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias -55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5Vto +7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

•bvi

IlL

'OZH

'OZL

'OS

•CEX

izz

ICCH

ICCL

iccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% Vcc

Voltage 54F10%VCc

74F10%Vcc

74F10%VCc

74F 5% VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

0.5

20

100

-0.6

-1.2

50

-50

-60 -150

250

500

45 67

45 67

45 67

Units

V

V

V

V

V

,*A

/xA

mA

mA

pA

M.A

mA

jiA

MA

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|M = -18 mA

IOH= -1mA(TC,CC,On)

IOh= -3 mA (On)

IOH= -1mA(TC,CC,On)

IOh= -3 mA (On)

IOh= -1mA(TC,CC,On)

IOH=-3mA(On)

lOL = 20mA(TC,CC,On)

Iol = 20 mA (TC, CC)

IOL = 24mA(On)

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V (Pn, CEP, CP, U/D, OE, MR, §R)

V,N = 0.5V(PE,CET)

VOUT = 2.7V(On)

VOUT = 0.5V(On)

VOUT = 0V(TC,CC,On)

VoUT = VCc(TCtCC,On)

VOUT = Vcc(On)

Vo = HIGH

V0 = LOW

Vo = HIGH Z
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'F568

AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpi_H

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Maximum Clock Frequency

Propagation Delay

CP to On (PE HIGH or LOW)

Propagation Delay

CPtoTC

Propagation Delay

CETtoTC

Propagation Delay

U/DtoTS

Propagation Delay

CPtoCC

Propagation Delay

CEP.CETtoCC

Propagation Delay

MR to On

Output Enable Time

OEtoOn

Output Disable Time

OEtoOn

74F

TA= + 25°C

VCc= +5.0V

CL = 50pF

MIn Typ Max

100 115

3.0 6.5 8.5

4.0 9.0 11.5

5.5 12.0 15.5

4.0 8.5 11.0

2.5 4.5 6.0

2.5 6.0 8.0

3.5 8.5 11.0

4.0 12.5 16.0

2.5 5.5 7.0

2.0 4.5 6.0

2.5 5.0 6.5

4.0 8.5 11.0

5.0 10.0 13.0

2.5 5.5 7.0

3.0 6.0 8.0

1.5 5.0 6.5

2.0 4.5 6.0

54F

Ta,vcc = mii

CL=50pF

Min Max

74F

TA,VCc = Com

CL = 50pF

MIn Max

90

3.0 9.5

4.0 13.0

5.5 17.5

4.0 12.5

2.5 7.0

2.5 9.0

3.5 12.5

4.0 18.0

2.5 8.0

2.0 7.0

2.5 7.5

4.0 12.5

5.0 14.5

2.5 8.0

3.0 9.0

1.5 7.5

2.0 7.0

Units

MHz

ns

ns

ns

ns

ns

ns

ns

ns

Fig
No

2-1

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-5
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'F568

AC Operating Requirements: see section 2 tor waveforms

Symbol

ts(H)

ML)

th(H)

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(U

th(H)

th(U

ts(H)

ts(L)

th(H)

tw(H)

tw(L)

tw(L)

W

Parameter

Setup Time, HIGH or LOW

PntoCP

Hold Time, HIGH or LOW

PntoCP

Setup Time, HIGH or LOW

CEP or SET to CP

Hold Time, HIGH or LOW

C5EPorCETtoCP

Setup Time, HIGH or LOW

PEtoCP

Hold Time, HIGH or LOW

PEtoCP

Setup Time, HIGH or LOW

U/DtoCP

Hold Time, HIGH or LOW

U/DtoCP

Setup Time, HIGH or LOW

SRtoCP

Hold Time, HIGH or LOW

SRtoCP

CP Pulse Width,

HIGH or LOW

MR Pulse Width, LOW

MR Recovery Time

74F

TA= + 25°C

VCc= + 5.0V

Mln Max

4.0

4.0

3.0

3.0

5.0

5.0

0

0

8.0

8.0

0

0

11.0

16.0

0

0

9.5

8.5

0

0

4.0

6.0

4.5

6.0

54F

TA.Vcc=MII

Mln Max

74F

TA,VCc = Com

Min Max

4.5

4.5

ininCOCO
6.0

6.0

0

0

9.0

9.0

0

0

12.5

17.5

0

0

10.5

9.5

0

0

4.5

6.5

5.0

7.0

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-6

2-6

2-6

2-6

2-4

2-4

2-6
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'F569

AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tPLH

tpHL

tpLH

tPHL

tpLH

tPHL

tpLH

tPHL

tpLH

tPHL

tPHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Maximum Clock Frequency

Propagation Delay

CP to On (PE HIGH or LOW)

Propagation Delay

CPtoTC

Propagation Delay

CETtoTC

Propagation Delay

U/DtoTC

Propagation Delay

CPtoCC

Propagation Delay

CEP.CETtoCC

Propagation Delay

MR to On

Output Enable Time

OEtoOn

Output Disable Time

OEtoOn

74F

TA= + 25°C

VCc= +5.0V

CL = 50pF

Mln Typ Max

90

3.0 6.5 8.5

4.0 9.0 11.5

5.5 12.0 15.5

4.0 8.5 12.5

2.5 4.5 6.5

2.5 6.0 11.0

3.5 8.5 11.5

4.0 8.0 12.0

2.0 5.5 7.0

2.0 4.5 6.0

2.0 5.0 6.5

4.0 8.5 11.0

5.0 10.0 13.0

2.5 5.5 8.0

3.0 6.0 9.0

1.5 5.0 7.0

2.0 4.5 6.0

54F

TA,Vcc = Mil

CL = 50pF

Min Max

74F

Ta, Vqc = Com

CL = 50 pF

Min Max

70

3.0 9.5

4.0 13.0

5.5 17.5

4.0 13.0

2.5 7.0

2.5 12.0

3.5 12.5

4.0 13.0

2.0 8.0

2.0 7.0

2.0 7.5

4.0 12.5

5.0 14.5

2.5 8.5

3.0 10.0

1.5 8.0

2.0 7.0

Units

MHz

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-5
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'F569

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(L)

th(H)

th(U

ts(H)

ts(L)

th(H)

th(U

ts(H)

ts(L)

th(H)

th(U

ts(H)

ts(L)

th(H)

th(L)

W(H)

tw(L)

tw(U

tree

Parameter

Setup Time, HIGH or LOW

PntoCP

Hold Time, HIGH or LOW

PntoCP

Setup Time, HIGH or LOW

UEPorCEftoCP

Hold Time, HIGH or LOW

CEP or GET to CP

Setup Time, HIGH or LOW

PEtoCP

Hold Time, HIGH or LOW

PEtoCP

Setup Time, HIGH or LOW

U/DtoCP

Hold Time, HIGH or LOW

U/DtoCP

Setup Time, HIGH or LOW

SRtoCP

Hold Time, HIGH or LOW

SRtoCP

CP Pulse Width,

HIGH or LOW

MR Pulse Width, LOW

MR Recovery Time

74F

TA= + 25°C

VCc= +5.0V

Mln Max

4.0

4.0

3.0

3.0

7.0

5.0

0

0.5

8.0

8.0

1.0

0

11.0

7.0

0

0

10.5

8.5

0

0

4.0

7.0

4.5

7.0

54F

Ta. vCc = M"

Mln Max

74F

TA,VCc = Com

Mln Max

4.5

4.5

3.5

3.5

8.0

6.5

0

0.5

9.0

9.0

1.0

0

12.5

8.5

0

0

11.0

9.5

0

0

4.5

8.0

6.0

8.0

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-6

2-6

2-6

2-6

2-4

2-4

2-6
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National
Semiconductor

54F/74F573

Octal D-Type Latch with TRI-STATE® Outputs

General Description
The 'F573 is a high speed octal latch with buffered common

Latch Enable (LE) and buffered common Output Enable

(OE) inputs.

This device is functionally identical to the 'F373 but has

different pinouts.

Features
■ Inputs and outputs on opposite sides of package

allowing easy interface with microprocessors

■ Useful as input or output port for microprocessors

■ Functionally identical to 'F373

■ TRI-STATE outputs for bus interfacing

Ordering Code: see section 5

Logic Symbol Connection Diagrams

Pin Assignment for

DIP, SOIC and Flatpak

-0

| |
Do D1

LE

OE

o0 ot

1 1

1

OE—*

LE

Do"

Di —

D2—

D3—

D4—

D5—

D6—

D7—

| |
D2 D3

o2 o3

|
D4

o4

1 1 1

EEE/IEC

EN1

EN2

T

ID

r
V

11

OSO6

I
D7

07

1 1 1
TL/F/9566-1

—o0

—ot

—o2

—03

—04

—05

—o6

—07

OE-

D0-

D2-

D3"

D4-

D5-

D6-

D7-

GND-

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

Pin Assignment

forLCCandPCC

D6 Ds D4 D3 D2

m in go in h

-0,

-02

-03

-04

-05

-°6

-O7

-LE

Ol QHIH E2IM

o5 o4 o3 o2 o.

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

D0-D7

LE

OE

O0-O7

Description

Data Inputs

Latch Enable Input (Active HIGH)

TRI-STATE Output Enable Input

(Active LOW)

TRI-STATE Latch Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input I|H/Iil

Output Ioh/'ol

20/aA/ -0.6 mA

20 11A/ -0.6 mA

20/xA/-0.6 mA

-3mA/24mA(20mA)
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E Functional Description
The 'F573 contains eight D-type latches with 3-state output

buffers. When the Latch Enable (LE) input is HIGH, data on

the Dn inputs enters the latches. In this condition the latch

es are transparent, i.e., a latch output will change state each

time its D input changes. When LE is LOW the latches store

the information that was present on the D inputs a setup

time preceding the HIGH-to-LOW transition of LE. The 3-

state buffers are controlled by the Output Enable (OE) input.

When OE is LOW, the buffers are in the bi-state mode.

When OE is HIGH the buffers are in the high impedance

mode but this does not interfer with entering new data into

the latches.

Function Table

OE

L

L

L

H

Inputs

LE

H

H

L

X

D

H

L

X

X

Outputs

0

H

L

Oo

Z

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Oq = Vatue stored from previous clock cycle

Logic Diagram

Do Dt D2 D3 D4 D5 D6 0?

L

LE

L

t

L

LE

L

LE

L

LE

L

LE LE

00 Oj 02 03 04 05

TL/F/9566-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ -_ AJr AmM««»-nam««ra«..ro
Distributors for availability and specifications. Military TemPerature ^tQ +^^
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias —55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) —30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with Vcc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOL (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

VOH

VOL

I|H

Ibvi

IlL

lOZH

'OZL

los

ICEX

izz

ICCL

iccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% Vcc

Voltage 54F10%Vcc

74F10%Vcc

74F10%VCc
74F 5% VCc

74F 5% VCc

Output LOW 54F10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

35 55

35 55

Units

V

V

V

V

V

fiA

pA

mA

pA

pA

mA

pA

pA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N= -18 mA

IOH= "1mA

Iqh = -3 mA

lOH = -1 mA

lOH = -3 mA

Ioh = ~1 mA

Ioh - -3 mA

Iol = 20 mA

IOL = 24 mA

V|N = 2.7V

V,N = 7.0V

V|N = 0.5V

V0UT = ^

VOUT = 0.5V

VouT = 0V

VOUT = Vcc

VOUT = Vcc

V0 = LOW

V0 = HIGH Z

3
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AC Electrical Characteristics

Symbol

tpLH

*PHL

tPLH

tpHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Propagation Delay

DntoOn

Propagation Delay

LEtoOn

Output Enable Time

Output Disable Time

74F

TA= +25°C

VCc= +5-0V

CL = 50pF

Mln Typ Max

3.0 5.3 7.0

2.0 3.7 6.0

5.0 9.0 11.0

3.0 5.2 7.0

2.0 5.0 8.0

2.0 5.6 8.5

1.5 4.5 5.5

1.5 3.8 5.5

54F

Ta,vcc = mii

CL = 50pF

Min Max

3.0 9.0

2.0 7.0

5.0 13.5

3.0 7.5

2.0 10.0

2.0 10.0

1.5 7.0

1.5 5.5

74F

Ta» Vcc = Com

CL = 50pF

Min Max

3.0 8.0

2.0 6.5

5.0 12.0

3.0 7.0

2.0 9.0

2.0 9.5

1.5 6.5

1.5 5.5

Units

ns

ns

ns

No

2-3

2-3

2-5

AC Operating Requirements

Symbol

ts(H)

t«(L)

th(H)

th(L)

WH)

Parameter

Setup Time, HIGH or LOW

DntoLE

Hold Time, HIGH or LOW

DntoLE

LE Pulse Width, HIGH

74F

TA = +25°C

Vcc= +5.0V

Mln Max

2.0

2.0

3.0

3.5

4.0

54F

Ta,vcc = mii

Mln Max

2.0

2.0

3.0

4.0

4.0

74F

Ta. VCc = Com

Mln Max

2.0

2.0

3.0

3.5

4.0

Units

ns

ns

Fig

No

2-6

2-4
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National
Semiconductor

54F/74F574

Octal D-Type Flip-Flop with TRI-STATE® Outputs

General Description
The 'F574 is a high-speed, low power octal flip-flop with a

buffered common Clock (CP) and a buffered common Out

put Enable (OE). The information presented to the D inputs

is stored in the flip-flops on the LOW-to-HIGH Clock (CP)

transition.

This device is functionally identical to the 'F374 except for

the pinouts.

Features
■ Inputs and outputs on opposite sides of package

allowing easy interface with microprocessors

■ Useful as input or output port for microprocessors

■ Functionally identical to 'F374

■ TRI-STATE outputs for bus-oriented applications

Ordering Code: see section 5

Logic Symbols

I I I I I I I I

Connection Diagrams

Pin Assignment

forDIP,SOICandFlatpak

Do D1

CP

OE

1 1

1

OE-*

CP

Do—

D1 —
D2—

D3

D4

D5

D6

I>7 —

°2 °3 °4

1 1 1

EEE/IEG

EN

n r

ID V

D5 D6 Dy

O5 O6 Oj

1 1 1
TL/F/9567-1

—oo

°1

—o2

—03

—O4

—05

—o6

—07

TL/F/9567-4

OE-

DO"

D,-

D2-

D3"~
D4-

D5™

D6-

°7"
GND-

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

-v,cc

Pin Assignment

for LCC and PCC

°6 *> D4 D3 D2
BO [3 IE [U H

-o2

-03

-04

-05

-07

-CP

O EU 0103 01

o5 o4 03 o2 o.

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

D0-D7
CP

SE

O0-O7

Description

Data Inputs

Clock Pulse Input (Active LOW)

TRI-STATE Output Enable Input (Active LOW)

TRI-STATE Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input I|H/I||_

Output Ioh/Iol

20/aA/-0.6 mA

20 jaA/-0.6 mA

20jLtA/-0.6mA

-3mA/24mA(20mA)
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Functional Description
The 'F574 consists of eight edge-triggered flip-flops with in

dividual D-type inputs and TRI-STATE true outputs. The

buffered clock and buffered Output Enable are common to

all flip-flops. The eight flip-flops will store the state of their

individual D inputs that meet the setup and hold times re

quirements on the LOW-to-HIGH Clock (CP) transition. With

the Output Enable (OE) LOW, the contents of the eight flip-

flops are available at the outputs. When OE is HIGH, the

outputs go to the high impedance state. Operation of the

(51 input does not affect the state of the flip-flops.

Function Table

OE

H

H

H

H

L

L

L

L

Inputs

CP

H

H

_y-

_/■

_s~

H

H

D

L

H

L

H

L

H

L

H

Internal

Q

NC

NC

L

H

L

H

NC

NC

Outputs

0

Z

z

z

z

L

H

NC

NC

Function

Hold

Hold

Load

Load

Data Available

Data Available

No Change in Data

No Change in Data

H = HIGH Voltage Level

L =■ LOW Voltage Level

X = Immaterial

Z = High Impedance

-/" = LOW-to-HIGH Transition

NC = No Change

Logic Diagram

t>0

CP

On 0, 02 03 04 05 06 07

TL/F/9587-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c^AirAmw^T^^r^^

Dtetributors for ava.tab.llty and 8pecW.cat.on8. ^ZZy TemPSratUre - 55.C to + 12B-C
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to -I- 5.5V

Vcc Pin Potential to Commercial + 4.5V to 4- 5.5V

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with Vcc = 0V)

Standard Output -0.5VtoVCc
TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Noto 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

llH

>bvi

IlL

•OZH

•OZL

los

'CEX

izz

iccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10%VCc

Voltage 54F10%Vcc

74F10%Vcc

74F10%VCc

74F5%VCc

74F5%Vcc

Output LOW 54F10% VCc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

55 86

Units

V

V

V

V

V

ftA

I*A

mA

M-A

^A

mA

^A

,xA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

llN = -18 mA

lOH " -1 mA

'OH = "3 mA

IOh= -1mA

•oh = -3 mA

Ioh =• ""1 mA

Ioh = -3 mA

lOL = 20mA

Iol = 24 mA

VIN = 2.7V

V|N = 7.0V

ViN = 0.5V

VoUT = 2.7V

V0UT - 0.5V

V0UT - 0V

VOUT = Vcc

VOUT = Vcc

V0 = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Maximum Clock Frequency

Propagation Delay

CPtoOn

Output Enable Time

Output Disable Time

74F

TA = +25°C

VCc = +5.0V

CL = 50 pF

Mln Typ Max

100

2.5 5.3 8.5

2.5 5.3 8.5

3.0 5.5 9.0

3.0 6.0 9.0

1.5 3.3 5.5

1.5 2.8 5.5

54F

Ta,vcc = mii

CL = 50 pF

Mln Max

60

2.5 9.5

2.5 9.5

2.5 10.5

2.5 10.5

1.5 7.0

1.5 7.0

74F

TA» VCc = Com

CL = 50pF

Mln Max

70

2.5 8.5

2.5 8.5

2.5 10.0

2.5 10.0

1.5 6.5

1.5 6.5

Units

MHz

ns

ns

Fig

No

2-1

2-3

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

tw(H)

tw(L)

Parameter

Set-up Time, HIGH or LOW

DntoCP

Hold Time, HIGH or LOW

DntoCP

CP Pulse Width

HIGH or LOW

74F

TA= +25°C

VCc = +5.0V

Mln Max

2.5

2.0

2.0

2.0

5.0

5.0

54F

TA,Vcc = MII

Mln Max

3.0

2.5

2.0

2.0

5.0

5.0

74F

TA.VCc = Com

Min Max

2.5

2.0

2.0

2.0

5.0

5.0

Units

ns

ns

Fig

No

2-6

2-4
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54F/74F579

8-Bit Bidirectional Binary Counter

with TRI-STATE® Outputs

ADVANCED INFORMATION

General Description
The 'F579 is a fully synchronous 8-stage up/down counter

with multiplexed TRI-STATE I/O ports for bus-oriented ap

plications. It features a preset capability for programmable

operation, carry lookahead for easy cascading and a U/D

input to control the direction of counting. All state changes,

whether in counting or parallel loading, are initiated by the

rising edge of the clock.

Features
■ Multiplexed TRI-STATE I/O ports

■ Built-in lookahead carry capability

■ Count frequency 100 MHz typ

■ Supply current 75 mA typ

Logic Symbols

I/Oo I/O, l/0j l/Oj l/04 l/0a |/06 I/Oy

IEEE/IEC

-OPE

-Ocs

-OSR

U/D

CP

TCO-

U2(L0AD)

Connection Diagrams

Pin Assignment

forDIP.SOICandFlatpak

TL/F/9568-4

CP-

i/Oo-

i/or

l/02-

I/Oj-

GNO-

I/O4-

I/O5-

1/07-

1 20

2

3

4

S

6

7

8

9

9

8

7

6

5

4

3

2

10 11

-MR

-SR

-ClP

-cEf

-vtt

—?C

-U/D

-Pi

-cs

-01

TL/F/9568-2

Pln Assignment

for LCC and PCC

i/o3d]j

GNDE0|3

i/o6 El J

1/021/0,1/OoCPMR

BD 0 m H] H
-y-y-y-y-y-

^(SSR

I?
I/O; 0£ C PE U/B
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Logic Diagram

cp m

TL/F/9568-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

4-492



National
Semiconductor

54F/74F582

4-Bit BCD Arithmetic Logic Unit

General Description
The 'F582 is a 24-pin expandable Arithmetic Logic Unit

(ALU) that performs two arithmetic operations (A plus B, A

minus B), compare (A equals B), and binary to BCD conver

sion. In addition to a ripple carry output, carry Propagate (P)

and Generate (G) outputs are provided for use with the

'F182 carry lookahead generator for high-speed expansion

to higher decades. It is functionally equivalent to the 82S82.

Features
■ Performs four BCD functions

■ P and 5 outputs for high-speed expansion

■ Add/subtract delay 22 ns max

■ Lookahead delay 15.5 ns max

■ Supply current 80 mA max

■ 24-Lead 300 mil slim package

Ordering Code: see section 5

Logic Symbols

i i i i i i i i
B0 A, B, A2 B2 A3 B3

X/5

1 1 1 r

00-

TL/F/8589-1

A/S—

C/B—

1-
Ai —

A2—

B2 —™

A3 ^^

B3—

IEEE/IEC

EN

b.
J

Pi

p2

Q2

P3

Q3

ALU

(BCD)

CO/BO

CG

tf CO

r

—Fl

TLyF/9S69-5

Connection Diagrams

Pin Assignment

forDIP.SOICandFlatpak

Aj-

C/§-

G-

P-

NC-

A=B-

NC-

GND-

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

Pin Assignment

forLCCandPCC

^4 NC 0 C/Sn A3

D3 M CS III S13 IE

-NC

-A,

-NC

F2 F0 Bo NC

TL/F/9569-3

TL/F/9S69-2
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

A0-A3

Bo

B1

B2

B3

F0-F3

A= B

P

C/B

C/Bn+4

A/S

Description

A Operand Inputs

B Operand Input

B Operand Input

B Operand Input

B Operand Input

Functional Outputs

Comparator Output

Carry Propagate Output

Carry Generate Output

Carry/Borrow Input

Carry/Borrow Output

Add/Subtract

54F/74F

U.L

HIGH/LOW

1.0/2.0

1.0/1.0

1.0/5.0

1.0/3.0

1.0/2.0

50/33.3

OCV33.3

50/33.3

50/33.3

1.0/1.0

50/33.3

1.0/3.0

Input I|H/Iil

Output Ioh/Iol

20 jjiA/- 1.2 mA

20 /utA/—0.6 mA

20fiA/-3mA

20 fiA/-1.8 mA

20 jLtA/-1.2 mA

-1mA/20mA

V20 mA

-1mA/20mA

-1 mA/20mA

20jttA/-0.6mA

-1mA/20mA

20 jxA/- 1.8 mA

•OC—Open Collector

Functional Description
The 'F582 Binary Coded Decimal (BCD) Arithmetic Logic

Unit (ALU) is a 24-pin expandable unit that performs addi

tion, subtraction, comparison of two numbers, and binary to

BCD conversion.

The T582's input and output logic includes a Carry/Borrow

which is generated internally in the lookahead mode, allow

ing BCD arithmetic to be computed directly. For more than

one BCD decade, the Carry/Borrow term may ripple be

tween 'F582s.

When A/S is LOW, BCD addition is performed (A + B +

C/B = F). If the sum is greater than 9, binary to BCD con

version results at the output.

When A/S is HIGH, subtraction is performed. If the C/B is

LOW, then the subtraction is accomplished by internally

Logic Diagram

computing the 9s complement addition of two BCD numbers

(A-B-1 = F). When C/B is HIGH, the difference of the

two numbers is figured as A-B = F. For A greater than or

equal to B, the BCD difference appears at the output F in its

true form. If A is less than B and C/B is HIGH, the difference

appears at the output as the 10s complement of the true

form. If A is less than B and C/B is LOW, the 9s comple

ment of the true form appears at the output F. As long as A

is less than B, and Active LOW borrow is also generated.

The 'F582 also performs binary to BCD conversion. For in

puts between 10 and 15, binary to BCD conversion occurs

by grounding the B inputs and applying the binary number to

the other set of inputs. This will generate a carry term to the

next decade.

C/B-

TL/F/8569-4
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c««» a^ am^m TAmMM«..m

Distributors for availability and specifications. Military TemPerature ^tQ + 125OC
Storage Temperature -65°Cto +150°C Commercial 0°Cto+70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCC Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to Vcc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either vottage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

VOH

V0L

I|H

'bvi

IlL

los

'CEX

'OHC

ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F10% Vcc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Open Collector, Output

OFF Leakage Test

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-1.2

-1.8

-3.0

-60 -150

250

250

50 80

Units

V

V

V

V

V

,iA

,xA

mA

mA

,iA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Min

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I,N= -18 mA

IOH=-1mA(Fn,P,G,C/Bn+4)
l0H=-1mA(Fn,P,5,C/Bn+4)

l0H=-1mA(Fn,P,G.C/Bn+4)

IOL = 20 mA

Iql = 20 mA

V,N = 2.7V

V,N = 7.0V

V,N = 0.5V(B0.C/B)

V,N = 0.5V(An,B3)

V|N = 0.5V (A/S, B2)

V,N = 0.5V(B1)

VOUT = 0V(Fn,P,5,C/Bn + 4)

VOUT = Vcc

V0UT = Vcc(A=B)

Vo = LOW
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AC Operating Requirements: see section 2 for waveforms

Symbol

tpLH

tpHL

tpLH

tPHL

tpLH

tPHL

tPLH

tPHL

tPLH

tPHL

tPLH

tPHL

tPLH

tPHL

Parameter

Propagation Delay

AnorBntoFn

Propagation Delay

AnorBntoC/Sn+4

Propagation Delay

C/BntoC/Bn+4

Propagation Delay

An or Bn to A = B

Propagation Delay

AnorBntoGorP

Propagation Delay

E/StoFn

Propagation Delay

C/BtoFn

74F

TA = + 25°C

VCc = +5.0V

Mln Max

2.5 29.0

2.5 22.0

4.0 21.5

4.0 16.0

3.5 8.5

2.0 6.5

8.0 35.0

6.0 25.0

4.0 18.0

3.5 15.5

2.5 33.0

7.0 18.0

4.0 21.0

2.5 14.0

54F

Ta,vcc = mii

Mln Max

74F

TA.VCc = Com

Mln Max

2.5 31.0

2.5 23.0

4.0 24.0

4.0 17.5

3.0 9.5

2.0 7.0

7.5 28.5

5.5 24.5

4.0 19.0

3.5 16.5

2.5 34.0

6.5 19.5

3.5 23.0

2.5 15.5

Units

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-3

2-3

2-3

2-3

2-3

2-3

2-3
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54F/74F583

4-Bit BCD Adder

General Description
The T583 high-speed 4-bit, BCD full adder with internal car

ry lookahead accepts two 4-bit decimal numbers (A0-A3,

B0-B3) and a Carry Input (Cn). It generates the decimal sum

outputs (S0-S3), and a Carry Output (Cn+4) if the sum is

greater than 9. The 'F583 is the functional equivalent of the

82S83.

Features
■ Adds two decimal numbers

■ Full internal lookahead

■ Fast ripple carry for economical expansion

■ Sum output delay time 16.5 ns max

■ Ripple carry delay time 8.5 ns max

■ Input to ripple delay time 14.0 ns max

■ Supply current 60 mA max

Ordering Code: see section 5

Logic Symbols

I I I I I I I I

Connection Diagrams

Pin Assignment for

DIP,SOICandFlatpak

Pin Assignment

forLCCandPCC

A3 B3

I rn r

IEEE/IEC

A2_

B2—

B3—

0'

3.

0*

3.

Cl

2(BCD)

P

2

Q

*0

.3

CO

B3-

GND-

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

"Si

-S3
So Bo KC Ao At

TL/F/9570-3

—s0

—Si

—S3

—s2

TL/F/0570-4

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

A0-A3

B0-B3

Cn
S0-S3

Description

A Operand Inputs

B Operand Inputs

Carry Input

Sum Outputs

Carry Output

54F/74F

U.L

HIGH/LOW

1.0/2.0

1.0/2.0

1.0/1.0

50/33.3

50/33.3

Input l|H/liL
Output Ioh/Iol

20 juA/-1.2 mA

20 jaA/- 1.2 mA

20 f*A/-0.6 mA

-1 mA/20mA

-1mA/20mA
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Functional Description
The 'F583 4-bit binary coded (BCD) full adder performs the

addition of two decimal numbers (A0-A3, B0-B3). The look-

ahead generates the BCD carry terms internally, allowing

the 'F583 to then do BCD addition correctly. For BCD num

bers 0 through 9 at A and B inputs, the BCD sum forms at

the output. In the addition of two BCD numbers totalling a

number greater than 9, a valid BCD number and a carry will

result.

Logic Diagram

For input values larger than 9, the number is converted from

binary to BCD. Binary to BCD conversion occurs by ground

ing one set of inputs, An or Bn, and applying any 4-bit binary

number to the other set of inputs. If the input is between 0

and 9, a BCD number occurs at the output. If the binary

input falls between 10 and 15, a carry term is generated.

Both the carry term and the sum are the BCD equivalent of

the binary input. Converting binary numbers greater than 16

may be achieved through cascading 'F583s.

n+4

TL/F/9570-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating

if Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ - a A. ArnulantTarnMr^,,rat

Distributors for availability and specifications. Military TemPerature ^tQ + 125OC
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias —55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

I|H

>BVI

IlL

"OS

ICEX

•CCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-1.2

-60 -150

250

40 60

Units

V

V

V

V

V

MA

pA

mA

mA

,*A

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA

Ioh = -1 mA

IOh= -1mA

Ioh = -1 mA

Iql = 20 mA

Iol = 20 mA

V|N = 2.7V

V|N = 7.0V

V,N = 0.5V (Cn)

V,N = 0.5V (An,Bn)

Vout = 0V

VOUT = Vcc

V0 = LOW

s
CO
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA=+25°C

VCc= +5.0V

CL = 50pF

Mln Typ Max

54F

CL=50pF

Max

74F

Ta. VCc = Com

CL = 50pF
Units

Fig

No

Mln Max

tpLH

tpHL

Propagation Delay

AnorBntoSn

2.5

2.5

13.0

11.0

16.5

14.0

2.5

2.5

20.5

19.0

2.5

2.5

17.5

15.0
2-3

tPLH

tPHL

Propagation Delay

CntoCn+4

2.5

2.5

6.5

5.0

8.5

6.5

2.5

2.5

10.5

8.5

2.5

2.5

9.5

7.5
ns 2-3

tPLH

tPHL

Propagation Delay

AnorBntoCn+4

4.0

4.0

11.0

8.0

14.0

10.5

4.0

4.0

19.5

13.5

4.0

4.0

15.0

11.5
ns 2-3
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54F/74F588

Octal Bidirectional Transceiver with TRI-STATE®

Inputs/Outputs and IEEE-488 Termination Resistors

General Description
The 'F588 contains eight non-inverting bidirectional buffers

with TRI-STATE outputs and is intended for bus-oriented

applications. The B ports have termination resistors as

specified in the IEEE-488 specifications. Current sinking ca

pability is 24 mA (20 mA mil) at the A ports and 64 mA

(48 mA mil) at the B ports. The Transmit/Receive (T/R)

input determines the direction of data flow through the bidi

rectional transceiver. Transmit (active HIGH) enables data

from A ports to B ports; Receive (active LOW) enables

data from B ports to A ports. The Output Enable input, when

HIGH, disables both A and B ports by placing them in a high

impedance condition.

Features
■ Non-inverting buffers

■ Bidirectional data path

■ B outputs sink 64 mA (48 mA mil), source 12 mA

Ordering Code: see section 5

Logic Symbols

I I I I I I I I

Connection Diagrams

Pin Assignment

forDIP.SOICandFlatpak

Ao /

OE

T/R

B0 *

t, A2

h b2

A3

B3

A4 A5 Ag A7

B4 B5 B6 B7

I I I I I I I I
TL/F/8571-2

0E-

T/R

V

V
A2-

A2"
A3-

A4-

X

IEEE/IEC

63

3EN1

3EN2

VI <

A1"
A2-

A3-

A4-

A3~

A6"

A7-

OE-

GND-

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

Pin Assignment

for LCC and PCC

A7 A« ^ A4 A3

-T/R

85848382

> 2 V
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

T/R

Ao-A7

B0-B7

Description

Output Enable Input (Active LOW)

Transmit/Receive Control Input

A Port Inputs or

TRI-STATE Outputs

B Port Inputs or

TRI-STATE Outputs

54F/74F

U.L.

HIGH/LOW

1.0/2.0

1.0/2.0

3.5/1.083

150/40(33.3)

•T/5.33

600/106.6(80)

Input I,h/Iil

Output Ioh/Iol

20/xA/-1.2 mA

20 jLtA/- 1.2 mA

70 fxA/- 0.65 mA

-3mA/24mA(20mA)

*T/3.2 mA

-12mA/64mA(48mA)

*T = Resistive Termination per IEEE-488 Standard

Truth Table

OE

L

L

H

Inputs

T/R

L

H

X

Outputs

Bus B Data to Bus A

Bus A Data to Bus B

High Impedance

Logic Diagram

"0

-b.
Ai A2 A3 A4 A5 A6 A7

fr n fr fr n n n

Bo B1 B2 B3 B4 B5

TL/F/9571-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

B Port Input Characteristic with T/R LOW

INPUT CURRENT
REPRESENTATIVE

LOAD LINE

NO-LOAD VOLTAGE

!CLAMP DIODE
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Absolu
If Military/

contact th

Distributor)

Storage Ter

Ambient Te

Junction Te

Vcc Pin Pot

Ground P

Input Voltag

Input Currer

Voltage Ape

in HIGH S

Standard

TRI-STA1

Current App

in LOWS

Note 1: Absolu

be damaged o

these condition

Note 2: Either

DC Ele<

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

Iozh

'OZL

vNL

•bvi

Ibvit

|,L

I|H + 'OZH

te Maximum Ratings (Note d Recor
Aerospace specified devices are required, Condi

e National Semiconductor Sales Office/ P A. .

s for availability and specifications. Military

nperature -65°Cto+150°C Comme

fnperature under Bias - 55°C to +125°C Supply Vc

mperature under Bias —55°C to +175°C Military

ential to Comme

n -0.5V to + 7.0V

e (Note 2) -0.5V to + 7.0V

it (Note 2) -30 mA to +5.0 mA

)lied to Output

Jtate (with Vcc = 0V)

Output -0.5V to Vcc
"E Output -0.5V to + 5.5V

lied to Output

tate (Max) twice the rated IOl (mA)

te maximum ratings are values beyond which the device may

s is not implied,

voltage limit or current limit is sufficient to protect inputs.

rtrical Characteristics

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%VCc

54F10%Vcc

74F10%Vcc

74F10%VCc

74F10°/oVCc

74F 5% Vcc

74F 5% Vcc

74F5%VCC

Output LOW 54F 10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%Vcc

Input HIGH Current

IEEE-488

IlL
IEEE-488

No Load Voltage

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.0

2.5

2.4

2.0

2.7

2.7

2.0

0.5

0.55

0.5

0.55

20

700

2.5

-1.3

-3.2

2.5

3.7

100

1.0

-1.2

70

nmended 0

tions
mbient Temperatu

rcial

Itage

rcial

Units

V

V

V

V

V

fiA

mA

mA

V

mA

mA

fiA

Vcc

Min

Min

Min

Max

4.75

5.25

4.75

5.25

4.75

5.25

Max

Max

Max

Max

operating

re

-55°Cto+125°C

0°Cto+70°C

+4.5V to + 5.5V

+4.5V to + 5.5V

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I,N= -18mA(UE,T/R)

IOH= "1mA (An)

IOH= -3mA(An,Bn)

l0H=-12mA(Bn)

IOH= "1mA (An)

IOH= -3mA(An,Bn)

IOH= -12mA(Bn)

lOH=-1mA(An)

IOH= -3mA(An,Bn)

IOh= -15mA(Bn)

Id = 48 mA (Bn)

lOL = 24mA(An)

IOL = 64 mA (Bn)

V|N = 2.7V (OE, T/R)

V,N = 5.0V(Bn)

V|N = 5.5V (Bn)

V,N = 0.4V(Bn)

V,N = 0.4V(Bn)

l|N = 0V(Bn)

V,N = 7.0V (DE, T/R)

V,N = 5.5V(An)

V|N = 0.5V (5E, T/R)

V0UT = 2.7V (An)
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DC Electrical Characteristics (continued)

Symbol

'IL + 'OZL

los

ICEX

Izz

•CCH

ICCL

•ccz

Parameter

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

-650

-60 -150

-100 -225

250

500

67 100

90 135

83 125

Units

fiA

mA

jxA

ju,A

mA

mA

mA

vCc

Max

Max

Max

0.0V

Max

Max

Max

Condition!

VOUT = 0.5V(An)

VOUT = 0V(An)

VOUT = 0V(Bn)

V0UT = Vcc(An)

VoUT = Vcc(An,Bn)

V0 = HIGH

V0 = LOW

V0 = HIGH Z

AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tPLH

tpHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Propagation Delay

AtoBorBtoA

Output Enable Time

T/EorUItoAorB

Output Disable Time

T/fRorUItoAorB

74F

TA = +25°C

VCc= +5.0V

CL = 50 pF

Mln Typ Max

2.5 4.5 6.0

2.5 5.0 6.5

2.5 5.0 7.0

2.5 7.0 9.0

2.5 5.5 7.0

2.5 5.5 7.0

54F

Ta,vcc = mii

CL=50pF

Min Max

74F

TA,VCc = Com

CL = 50 pF

Mln Max

2.5 7.0

2.5 7.5

2.5 8.0

2.5 10.0

2.5 8.0

2.5 8.0

Units

ns

ns

Fig

No

2-3

2-5
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ADVANCED INFORMATION

54F/74F595

8-Bit Shift Register with Output Latches

General Description
The 'F595 contains an 8-bit serial-in, parallel-out shift regis

ter feeding an 8-bit D-type storage register. Separate clocks

are provided for the shift register and the storage register.

The shift register has a direct overriding clear. The storage

register has parallel TRI-STATE® outputs. Serial input and

serial output pins are available for cascading.

The clocks are positive edge-triggered for both the shift reg

ister and storage register. If both clocks are connected to

gether, the shift register state will always be one clock pulse

ahead of the storage register.

Features
■ 8-bit serial-in, parallel-out shift

■ Register with storage

■ High impedance NPN base input for reduced

loading (20 jiA in HIGH and LOW states)

■ TRI-STATE outputs

■ Shift register has direct overriding clear

Logic Symbols Connection Diagram

OE

STCP

SHCP

MR q0 Q

<>S

1 Q2 Q3 Q4 QS Q6

08

07

I I I I I I I I

IEEE/IEC

Pin Assignment

for DIP, SOIC and Flatpak

0E-

STCP-

MR-

SHCP-

EN3

>C2

SRG8

>C1/-^
n r

ID 2D>3V

:

2D>3V

Qi-

02-

03-

04-

Q5-

Q6-

Q7-
GND-

1

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-0E

-STCP

-SHCP

-MR

^— 0.2

—0,

4-505



Functional Block Diagram

; (13)

2S

2R

► C2

2S

2R

► C2

2S

2R

► C2

2S

2R

2S

2R

3R

► C3

3S

3R

>C3

3S

3R

>C3

3S

J3,
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54F/74F597

8-Bit Shift Register

General Description
The 'F597 consists of an 8-bit storage register feeding a

parallel-in, serial-out 6-bit shift register. The storage register

and shift register have separate positive-edge triggered

clocks. The shift register also has direct load (from storage)

and clear inputs.

ADVANCED INFORMATION

Features
■ High impedance NPN base inputs for reduced loading

(20 /xA in HIGH and LOW states)

■ 8-bit parallel storage register inputs

■ Shift register has direct overriding load and clear

■ Guaranteed shift frequency

■ Separate clocks for storage and shift registers

Logic Symbols Connection Diagram

—

-0

—

-0

-c

-0

1 1

OE

STCP

SHCPEN

SHCP

SKR

SHL

MM
On l/02 I/C

I/Oj l/03

Qs

|

1/07

IEEE/IEC

SHCP-

SHL-

DS—

D2—

D4—

R

>C3/

C2

>C1

3D

1D

SR68

r r

2D

Pin Assignment

forDIP,SOICandFlatpak

D,-

Dj-

D3-

D4-

D5~

D6-

GND-

2

3

4

5

6

7

8

16

15

14

13

12

11

10

9

-SHL

-STCP

-SHCP

-SHR

-QS

—QS
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Logic Diagram

SHCP -C*-

STCP-

Dj-

D4-

D6-

TLyF/9573-3

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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ADVANCED INFORMATION

54F/74F598

Shift Register

General Description
The 'F598 comes in a 20-pin package and consists of an

8-bit storage latch feeding a parallel-in, serial-out 8-bit shift

register. Both the storage register and shift register have

positive-edge triggered clocks. The shift register also has

direct load (from storage) and reset inputs. The 'F598 has

TRI-STATE® I/O ports that provide parallel shift register

outputs and also has multiplexed serial data inputs.

Features
■ 8-bit parallel storage register inputs

■ Shift register has direct overriding load and reset

■ Guaranteed shift frequency DC to 120 MHz

■ Separate clocks for storage and shift registers

Logic Symbols

MR *

CPEN **

PL *

'/Oo < ► |

I/Ot 4 » f

u
I/O; ^ »

I/O3 4 »

I/O4 4 »

1/O5 4 ►

I/O6 4 »

'/O7 O >

IEEE/IEC

SRG8

EN14

R

G4

C3

>C2

G1

n r r

1.5D

1.5D

20

V 6,14

20

V 7,14

20

V 13.14

3D

3D

3D

Z6-

Z7-

Z13-

Connection Diagram

Pin Assignment

forDIP.SOICandFlatpak

i/oo-

1/0,-

i/o2-

i/o3-

I/O4-

I/O3-

i/o6-

I/O7-

Pl-

6ND-

1

2

3

4

S

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

-DS0

-DS,

-0E

-STCP

-MR

-Q

I I I I I I I

STCP

—O SHCPEN

-O SHCP

-OMR

-OSL

l/06 l/05 I/O4 l/0s l/02 1/0, l/00
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Logic Diagram

OE-

MR-

SKCPEN-

I/O4

I/O5-

l/06

I/O7

7

TL/F/9574-3

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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ADVANCED INFORMATION

54F/74F620 • 54F/74F623

Inverting Octal Bus Transceiver with TRI-STATE

Outputs

General Description
The 'F623 is an octal transceiver featuring non-inverting

TRI-STATE bus compatible outputs in both send and re

ceive directions. The outputs are capable of sinking 64 mA

and sourcing up to 15 mA, providing very good capacitive

drive characteristics. The 'F620 is an inverting version of the

'F623.

These octal bus transceivers are designed for asynchro

nous two-way data flow between data buses. The control

function implementation allows for maximum flexibility in

timing.

These devices allow data transmission from the A bus to

the B bus or from the B bus to the A_bus depending upon

the logic levels at the enable inputs (GBA and GAB).

The enable inputs can be used to disable the device so that

the buses are effectively isolated.

The dual-enable configuration gives the 'F620 and 'F623

the capability to store data by simultaneous enabling of

GBA and GAB. Each output reinforces its input in this trans

ceiver configuration. Thus, when both control inputs are en

abled and all other data sources to the two sets of the bus

lines are at high impedance, both sets of bus lines (sixteen

in all) will remain at their last states.

Features
■ Octal bidirectional bus interface

■ TRI-STATE buffer outputs sink 64 mA

■ 15 mA source current

■ 'F620 inverting option of "F623

Logic Symbols

I I I I I I I I
B1 B2 B3 B4 B5 B6 B7

GBA

GAB

Ap At A2 A3 A4

IEEE/IEC

'F623

Connection Diagrams

Pin Assignment for

DIP,SOICandFlatpak

GBA-*

GAB

I I I I I I I I
TL/F/9577-3

EN1

EN2

71

2 V

GAB-

Aq-

Ai"

A2-

A3-

A4-

A5-

A6-

A7-

GND-

2

3

4

5

6

7

8

9

10

20

19

18

17

16

15

14

13

12

11

-v,rcc

* t B4

Pin Assignment

for LCC

A/ Ae A5 A4 A3

E] [3 HI HI H
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Function Table

Enable Inputs

GBA GAB

L L

H H

H L

L H

Operation

T620

B Data to A Bus

A Data to B Bus

Z

B Data to A Bus,

A Data to B Bus

'F623

B Data to A Bus

A Data to B Bus

Z

B Data to A Bus,

A Data to B Bus

H = HIGH Voltage Level

L = LOW Voltage Level

Z = High Impedance

Logic Diagram

GBA GAB Aq A, A2 A3 A4 As A6 A7

TL/F/8577-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

•F623

GBA GAB A7

TL/F/9577-7

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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54F/74F632

32-Bit Parallel Error Detection and Correction Circuit

General Description
The 'F632 device is a 32-bit parallel error detection and

correction circuit (EDAC) in a 52-pin or 68-pin package. The

EDAC uses a modified Hamming code to generate a 7-bit

check word from a 32-bit data word. This check word is

stored along with the data word during the memory write

cycle. During the memory read cycle, the 39-bit words from

memory are processed by the EDAC to determine if errors

have occurred in memory.

Single-bit errors in the 32-bit data word are flagged and cor

rected.

Single-bit errors in the 7-bit check word are flagged, and the

CPU sends the EDAC through the correction cycle even

though the 32-bit data word is not in error. The correction

cycle will simply pass along the original 32-bit data word in

this case and produce error syndrome bits to pinpoint the

error-generating location.

Dual-bit errors are flagged but not corrected. These errors

may occur in any two bits of the 39-bit word from memory

(two errors in the 32-bit data word, two errors in the 7-bit

check word, or one error in each word). The gross-error

condition of all LOWs or all HIGHs from memory will be

detected. Otherwise, errors in three or more bits of the 39-

bit word are beyond the capabilities of these devices to de

tect

Read-modify-write (byte-control) operations can be per

formed by using output latch enable, LEDBO, and the indi

vidual OEB0 through OEB3 byte control pins.

Diagnostics are performed on the EDACs by controls and

internal paths that allow the user to read the contents of the

Data Bit and Check Bit input latches. These will determine if

the failure occurred in memory or in the EDAC.

Features
■ Detects and corrects single-bit errors

■ Detects and flags dual-bit errors

■ Built-in diagnostic capability

■ Fast write and read cycle processing times

■ Byte-write capability

Ordering Code: see section 5

Logic Symbol

—

—

-0

So

s,

OECB

LEDBO

OEBn

At
DB0-DB31

CB0-CB6

MERR

ERR

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

CB0-CB6

DB0-DB31

OEB0-OEB3

LEDBQ

UECB

ERR

MERR

Description

Check Word Bit, Input

or TRI-STATE® Output

Data Word Bit, Input

or TRI-STATE Output

Output Enable Data Bits

Output Latch Enable Data Bit

Output Enable Check Bit

Select Pins

Single Error Flag

Multiple Error Flag

54F/74F

U.L

HIGH/LOW

3.5/1.083

150/40(33.3)

3.5/1.083

150/40(33.3)

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

50/33.3

Input I|H/Iil

Output Ioh/Iol

70fxA/-650/xA

-3mA/24mA(20mA)

70fiA/-650jmA

-3mA/24mA(20mA)

20/mA/-0.6mA

20 ftA/-0.6 mA

20 )btA/-0.6 mA

20jmA/-0.6mA

-1 mA/20mA

-1 mA/20mA
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Connection Diagrams

Pin Assignment for

Side Brazed DIP

DB,-

DB2-

DB3-

D84-

DB5-

650-
D86-

0B7-

GND-

0B8-

OB9-

OEB,-

DB10-

DBir

D812-

0B15-

CB6-

C85-

CB4-

2

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

52

51

50

49

48

47

46

45

44

43

42

41

40

39

38

37

36

35

34

33

32

31

30

29

28

27

Pin Assignment

forLCCandPCC

52-Pln

OB,3DB12DB)1OB10Offl1DB9 D8a CUD 1% OBe0^,085084

g] E] QH| Q] EU EU Q3 E| QID3 0l CD E^3

TL/F/9579-3

-M31

-D828
-0fl27

-D826

-DB24

-GMD

-DB20

-0B19

-»IB
-DB17

-DB16

-CB0

-co,

TL/F/9579-2

Pin Assignment

forLCCandPCC

68-Pin

i i i I i i § § s i § i i 11

1II ill ill

NC—No internal connection

TL/F/9579-8
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Functional Desc
MEMORY WRITE CYCLE

During a memory write cy<

CBe) are generated inter™

put parity generators using

in Table II. These seven c

along with the original 32-b

later be used in the memc

and correction.

ERROR DETECTION ANC

During a memory read cy

trieved along with the act

determine whether the dat

use as presented to the bi

to determine if they are at

Memory

Cycle

Write

EDAC

Function

Generate

Check Word

ription
DETAILS The first case in Table III represents the normal, no-error

sle, the check bits (CB0 through conditions. The EDAC presents HIGHs on both flags. The

ally in the EDAC by seven 16-in- next ^° cases of single-bit errors give a HIGH on MERR

the 32-bit data word as defined and a L0W on ERR» wnjcn ls tne s|9nal for a correctable
:heck bits are stored in memory error* and the EDAC should be sent through the correction

t data word. This 32-bit word will cy°le- Tne last tnr0e cases of double-bit errors will cause

ry read cycle for error detection tne EDAC t0 s|9nal L0Ws on botn ERR and MERR, which is
the interrupt indication for the CPU.

) CORRECTION DETAILS Error detection is accomplished as the 7-bit check word and

cle the 7-bit check word is re- the 32'bit data word from memorv are aPP|ied t0 intemal
iTrfata it? nrrilr tn h* «h?« to Parjtv generators/checkers. If the parity of all seven group-
a from memory is acceptable to jngs of data and check blts ls correct'jt ls assumed that no
s, the error flags must be tested

the HIGH level.

TABLE 1. Write Control Function

Control

Si S0

L L

Data I/O

Input

DB Control

H

DB Output

Latch

LEDBO

X

Check I/O

Output

Check Bit*

CB

Control

OlCB

L

Error Flags

ERR MERR

H H

•See Table II for details of check bit generation.

TABLE II. Parity Algorithm

Check V

Bit

Zord

CB0

CB!

CB2

CB3

CB4

CB5

CB6

32-Bit Data Word

31

X

X

X

X

X

30

X

X

X

29

X

X

X

X

X

28

X

X

X

X

X

27

X

X

X

26

X

X

X

X

X

25

X

X

X

24

X

X

X

23

X

X

X

22

X

X

X

21

X

X

X

20

X

X

X

19

X

X

X

18

X

X

X

17

X

X

X

16

X

X

X

15

X

X

X

14

X

X

X

13

X

X

X

12

X

X

X

11

X

X

X

10

X

X

X

9

X

X

X

8

X

X

X

7

X

X

X

X

X

6

X

X

X

X

X

5

X

X

X

4

X

X

X

X

X

3

X

X

X

2

X

X

X

1

X

X

X

The seven check bits are parity bits derived from the matrix of data bits as indicated by X for each bit

TABLE ill. Error Function

Total Number of Errors

32-Blt Data Word

0

1

0

1

2

0

7-Bit Check Word

0

0

1

1

0

2

Error Flags

ERR MERR

H H

L H

L H

L L

L L

L L

Data Correction

Not Applicable

Correction

Correction

Interrupt

Interrupt

Interrupt

H = HIGH Voltage Level

L = LOW Voltage Level

6320

X

X

X

X

X
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Functional Description (continued)
if the parity of one or more of the check groups is incorrect,

an error has occurred and the proper error flag or flags will

be set LOW. Any single error in the 32-bit data word will

change the state of either three or five bits of the 7-bit

check word. Any single error in the 7-bit check word chang

es the state of only that one bit In either case, the single

error flag (ERR) will be set LOW while the dual error flag

(MERR) will remain HIGH.

Any 2-bit error will change the state of an even number of

check bits. The 2-bit error is not correctable since the parity

tree can only identify single-bit errors. Both error flags are

set LOW when any 2-bit error is detected.

Three or more simultaneous bit errors can cause the EDAC

to believe that no error, a correctable error, or an uncorrect-

able error has occurred and will produce erroneous results

in all three cases. It should be noted that the gross-error

conditions of all LOWs and all HIGHs will be detected.

As the corrected word is made available on the data I/O

port (DBo through DB31), the check word I/O port (CB0

through CB6) presents a 7-bit syndrome error code. This

syndrome error code can be used to locate the bad memory

chip. See Table V for syndrome decoding.

READ-MODIFY-WRITE (BYTE CONTROL) OPERATIONS

The 'F632 device is capable of byte-write operations. The

39-bit word from memory must first be latched into the Data

Bit and Check Bit input latches. This is easily accomplished

by switching from the read and flag mode (Si = H, So = L)

to the latch input mode (Si = H, So = H). The EDAC will

then make any corrections, if necessary, to the data word

and place it at the input of the output data latch. This data

word must then be latched into the output data latch by

taking EEDiO from a LOW to a HIGH.

Byte control can now be employed on the data word

through the OEB0 through OEB3 controls. OEB0 controls

DB0-DB7 (byte 0), GgBi controls DB8-DB15 (byte 1),

OEB2 controls DB16-DB23 (byte 2), and OEB3 controls

DB24-DB31 (byte 3). Placing a HIGH on the byte control will

disable the output and the user can modify the byte. If a

LOW is placed on the byte control, then the original byte is

allowed to pass onto the data bus unchanged. If the original

data word is altered through byte control, a new check word

must be generated before it is written back into memory.

This is easily accomplished by taking controls S-| and So
LOW. Table VI lists the read-modify-write functions.

DIAGNOSTIC OPERATIONS

The 'F632 is capable of diagnostics that allow the user to

determine whether the EDAC or the memory is failing. The

diagnostic function tables will help the user to see the possi

bilities for diagnostic control. In the diagnostic mode

{S<[ = L, So = H), the check word is latched into the input

latch while the data input latch remains transparent. This

lets the user apply various data words against a fixed known

check word. If the user applies a diagnostic data word with

an error in any bit location, the ERR flag should be LOW. If a

diagnostic data word with two errors in any bit location is

applied, the ffiERR flag should be LOW. After the check

word is latched into the input latch, it can be verified by

taking C5EUB LOW. This outputs the latched check word.
The diagnostic data word can be latched into the output

data latch and verified. By changing from the diagnostic

mode (Si = L, So = H) to the correction mode (S-| = H, So

= H), the user can verify that the EDAC will correct the

diagnostic data word. Also, the syndrome bits can be pro

duced to verify that the EDAC pinpoints the error location.

Table VII lists the diagnostic functions.

TABLE IV. Read, Flag and Correct Function

Memory

Cycle

Read

Read

Read

EDAC

Function

Read & Flag

Latch Input

Data & Check

Bits

Output

Corrected Data

& Syndrome Bits

Control

Si So

H L

H H

H H

Data I/O

Input

Latched

Input

Data

Output

Corrected

Data Word

DB Control

5iBn

H

H

L

DB Output

Latch

LEDBO

X

L

X

Check I/O

Input

Latched

Input

Check Word

Output

Syndrome

Bits (Note 2)

CB

Control

5ECB

H

H

L

Error Flags

ERR MERR

Enabled (Note 1)

Enabled (Note 1)

Enabled (Note 1)

Note 1: See Table III for error description.

Note 2: See Table V for error location.
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Functional Description (continued)

TABLE V. Syndrome Decoding

6

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

5

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

Syndrome Bits

4

L

L

L

L

L

L

L

L

L

L

L

L

L

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

3

L

L

L

L

L

H

H

H

H

H

H

H

H

L

L

L

L

L

L

L

L

H

H

H

H

H

H

H

H

2

L

H

H

H

H

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

1

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

0

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

Error

unc

2-Bit

2-Bit

unc

2-Bit

unc

unc

2-Bit

2-Bit

unc

DB31

2-Bit

unc

2-Bit

2-Bit

DB30(Note1)

2-Bit

unc

DB29
2-Bit

DB28

2-Bit

2-Bit

DB27

DB26
2-Bit

2-Bit

DB25

2-Bit

DB24
unc

2-Bit

6

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

5

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

Syndrome Bits

4

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

3

L

L

L

L

L

L

L

L

H

H

H

H

H

H

H

H

L

L

L

L

L

L

L

L

H

H

H

H

H

H

H

H

2

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

1

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

0

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

Error

2-Bit

unc

DB7

2-Bit

DB6

2-Bit

2-Bit

DB5

DB4
2-Bit

2-Bit

DB3

2-Bit

DB2

unc

2-Bit

DB0

2-Bit

2-Bit

unc

2-Bit

DB!

unc

2-Bit

2-Bit

unc

unc

2-Bit

unc

2-bit

2-bit

CB6

CBX = Error in check bit X

DBY - Error In data bit Y

2-Bit = Double-bit error

unc = Uncorrectable multi-bit error

Note: 2-bit and unc condition will cause both ERR and MERR to be LOW

Note 1: Syndrome bits for all LOWs. MERR and iRR LOW for all LOWs,

only eTrR LOW for DB30 error.

Note 2: Syndrome bits for all HIGHs.

4-517



Functional Description (continued)

TABLE V. Syndrome Decoding (Continued)

6

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

5

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

Syndrome Bits

4

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

3

L

L

L

L

L

L

L

H

H

H

H

H

H

H

H

L

L

L

L

L

L

L

L

H

H

H

H

H

H

H

H

2

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

1

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

0

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

Error

2-Bit

unc

unc

2-Bit

unc

2-Bit

2-Bit

unc

unc

2-Bit

2-Bit

DB15

2-Bit

unc

DB14
2-Bit

unc

2-Bit

2-Bit

DB13

2-Bit

DB12

DBn

2-Bit

2-Bit

DB10
DBg

2-Bit

DB8

2-Bit

2-Bit

CB5

6

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

5

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

Syndrome Bits

4

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

3

L

L

L

L

L

L

L

L

H

H

H

H

H

H

H

H

L

L

L

L

L

L

L

L

H

H

H

H

H

H

H

H

2

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

L

L

L

L

H

H

H

H

1

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

0

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

L

H

Error

unc

2-Bit

2-Bit

DB23

2-Bit

DB22
DB21
2-Bit

2-Bit

DB20

DB19

2-Bit

DB18

2-Bit

2-Bit

CB4

2-Bit (Note 2)

DB16

unc

2-Bit

DB17
2-Bit

2-Bit

CB3

unc

2-Bit

2-Bit

CB2

2-Bit

CBi

CB0
None

CBX = Error in check bit X

DBY = Error in data bit Y

2-Bit = Double-bit error

unc = Uncorrectable multi-bit error

Note: 2-bit and unc condition will cause both ERR and fflERR to be LOW

Note 1: Syndrome bits for all LOWs. MERR and ERR LOW for all LOWs,

only 1RR LOW for DB30 error.

Note 2: Syndrome bits for all HIGHs.
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Functional Description (continued)

TABLE VI. Read-Modlfy-Wrlte Function

Memory

Cycle

Read

Read

Read

Modify/

Write

EDAC

Function

Read & Flag

Latch Input

Data&

Check Bits

Latch Corrected

Data Word into

Output Latch

Modify

Appropriate

Byte or Bytes

& Generate New

Check Word

Control

Si So

H L

H H

H H

L L

BYTEn*

Input

Latched

Input

Data

Latched

Output

Data

Word

Input

Modified

BYTEo

Output

Unchanged

BYTEo

OEBn*

H

H

H

H

L

DB Output

Latch

LEDBO

X

L

H

«

Check I/O

Input

Latched

Input

Check Word

HighZ

Output

Syndrome

Bits

Output

Check Word

CB

Control

OECB

H

H

H

L

L

Error Flags

ERR MERR

Enabled

Enabled

Enabled

H H

•OEBq controls DB0-DB7 (BYTEo); °^1 controls DB8-DB15 (BYTE1); 5EB2 controls DB16-DB23 (BYTE2); OEB3 controls DB24-DB31 (BYTE3).

TABLE VII. Diagnostic Function

EDAC

Function

Read & Flag

Latch Input Check

Word while Data

Input Latch

Remains

Transparent

Latch Dia

DataWor

Output La

gnostic

dinto

tch

Latch Diagnostic

Data Word into

Input Latch

Output Di

DataWor

Syndrome

agnostic

d&

>Bits

Output Corrected

Diagnostic Data

Word & Output

Syndrome Bits

Control

Si So

H

L

L

H

H

H

L

H

H

H

H

H

Data I/O

Input Correct

Data Word

Input

Diagnostic

Data Word*

Input

Diagnostic

Data Word*

Latched

Input

Diagnostic

Data Word

Output

Diagnostic

Data Word

Output

Corrected

Diagnostic

Data Word

DBByte

Control

OEBn

H

H

H

H

L

L

DB Output

Latch

LEDBO

X

L

H

H

H

L

Check I/O

Input Correct

Check Bits

Latched

Input

Check Bits

Output

Latched

Check Bits

HighZ

Output

Syndrome

Bits

HighZ

Output

Syndrome

Bits

HighZ

Output

Syndrome

Bits

HighZ

CB

Control

OECB

H

H

L

H

L

H

L

H

L

H

Error Flags

ERR MERR

H

Enabled

Enabled

Enabled

Enabled

Enabled

•Diagnostic data is a data word with an error In one bit location except when testing the MERR error flag. In this case.the diagnostic data word will contain errors in

two bit locations.

4-519



CM

s
Block Diagram

CB0-C86-

BUFFERS

32

DB0-DB7-

DB24"DB31"

OEB0-

6TBi-

OEB2-

OEB3-

CHECK-BIT

GENERATOR
SYNDROME

GENERATOR

ERROR

DETECTOR

-ERR

-MERR

BUFFERS

ERROR

CORRECTOR

IN

ERROR

DECODER

Timing Waveforms

6EB0-0EB3-

CBo-CBfl-

OECB-

Read, Flag and Correct Mode

- READ *H CORRECT—

-V-H
Input Data Word X Output Corrected Data Word ))))

Input Check Word X Output Syndrome Code

•—«pd—I

PW\\\\\\\\\\\\X Valid ERR Flag j(\\\

'\\\\\\\\\\\\\\\X Valid MERR Flag x\\\

4-520



Timing Waveforms (continued)

Read, Correct and Modify Mode

So

DBQ-DBy

DB8-DB31

OEB0

OEB^OEBj

LEDBO

OECB

CB0-CB6

{ Input Data Word

{ Input Data Word

wwwww

1

1-—

( Input Check Word

Output Corrected Data

1

AWWwwwwww/
*w J

j

•

MX Output Syndrome Code

[ Input New Byte

Word

XJoutput Check W<

Wfft

^^^^^

["""

\\Y

r

«R WWWWWWX

■•'•

MERR \\\\\\\\\\\\\\\)^

ValW ERR Flag

Valid MERR Rag

Diagnostic Mode

XWWWWWW

XWWWWWW

TL/F

I—^—-1
L

I
DBq thru DB31 —( Input VaHd Data Word J (Input Diagnostic Data Word

ERR

r—V-l

Diagnostic \f Output Corrected
Word /V Dt Wd

agos

Word

f Input Valid
Check Word

Output Valid Check Word

p

Data Word

Output Syndrome Code

1

% Verify Proper Operation of ERR Flag A Verify Proper Operation of ERR Flag, Flag Should Be
\...j(£hg»!2!SlsL?l8SlfiL'—--*' \ With a Diagnostic Data Word With a Single Error

yfss -------^ Vwl^ Rrepar Oporatton of MERR ^g ^" " " " "rifyTrop"r^ra«on"o7MERR"Fteg7Ftag"Should BeTow"
mlkk / *w (Fta£ Should Be_HJ|j2__ ^ \ With a Diagnostic Data Word With a Double Error

TL/F/8579-7
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ -^ A. AmL|flB»TM1Bftrahira
D.s.r.bu.or, foravaHabHUy and ,pec.,,ca«.on,. Rj^M*-*Temperature ^^ +^

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCC Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

>bvi

•bvit

IlL

I|H + bZH

IlL + IOZL

'OZH

•ozl

los

'CEX

Izz

Ice

lec

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%VCc

74F10%VCC

74F10%VCc

74F 5% VCc

74F5%VCC

Output LOW 54F10% VCc

Voltage 74F10%Vcc

74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

0.5

20

100

1.0

-0.6

70

-650

70

-650

-60 -150

250

500

340

325

Units

V

V

V

V

V

p.A

tiA

mA

mA

MA

p.A

ju,A

/*A

mA

pA

»A

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

•in = —18 mA

Ioh = -1 mA (ERR, MERR, DBn, CBn)

IOH= -3mA(DBn,CBn)

Ioh = -1 mA (ERR, MERR, DBn, CBn)

l0H=-3mA(DBn,CBn)

Ioh = -1 mA (ERR, MERR, DBn, CBn)

IOH= -3mA(DBn,CBn)

Iol = 20 mA (ERR, MERR, DBn, CBn)

lOL = 20 mA (ERR, MERR)

IOL = 24 mA (DBn, CBn)

V|N = 2.7V (So, S1f QEBn, (5BCB, LEDBO)

V|N = 7.0V (So, S1f OEBn, SeCB, LEDBO)

V,N = 5.5V(CBn,DBn)

V|N = 0.5V (So, S1t OEBn, 5EGB, LEDBO)

V,/O = 2.7V(CBn,DBn)

V|/o = 0.5V(CBn,DBn)

V,/0 = 2.7V(CBn,DBn)

V,/o = 0.5V(CBn,DBn)

V0UT = 0V

VOUT = Vcc

V0UT = Vcc(CBn,DBn)

TA = 0°C-25°C

TA = 25°C-70°C
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpLH
tpHL

tpLH
*PHL

tpLH
tpHL

tPLH
*PHL

tPLH

*PHL

tPLH
tpHL

*PLH

*PLH
tpHL

tPLH
tpHL

*PZH
*PZL

*PHZ
tpLZ

tpZH
tpZL

tpHZ
tpLZ

Parameter

Propagation Delay

DB or CB to ERR

Propagation Delay

DBtoERR

Propagation Delay

DBorCBtoMERR

Propagation Delay

Propagation Delay

SoandSLLOW.toDB

Propagation Delay

Sf to CB

Propagation Delay

So or Si to ERR or MERR

Propagation Delay

DBtoCB

Propagation Delay

LEDBOtoDB

Output Enable Time

OEBntoDB

Output Disable Time

UEBntoDB

Output Enable Time

OECB to CB

Output Disable Time

OECB to CB

74F

TA=+25-C

VCc = +5.0V
CL = 50pF

Min Typ Max

4.0 14.0 27.0

4.0 10.5 18.0

4.0 21.0 27.0

4.0 14.0 18.0

5.0 17.0 27.0

5.0 16.0 27.0

5.0 23.0 27.0

5.0 19.0 27.0

4.0 12.0 16.0

4.0 12.0 16.0

4.0 10.5 14.0

4.0 9.0 14.0

2.0 11.5 13.0

4.0 16.0 23.0

4.0 18.0 23.0

2.0 11.0 13.0

2.0 11.0 13.0

1.0 6.0 10.0

1.0 6.0 10.0

10 5.0 10.0

1.0 4.0 10.0

1.0 6.0 10.0

1.0 6.0 10.0

1.0 5.0 10.0

1.0 4.0 10.0

54F

TA,VCC = Mil

CL = 50 pF

Min Max

74F

Ta, Vqc = Com
CL = 50 pF

Min Max

4.0 31.0

4.0 20.0

4.0 31.0

4.0 20.0

5.0 31.0

5.0 31.0

5.0 31.0

5.0 31.0

4.0 20.0

4.0 20.0

4.0 15.0

4.0 15.0

2.0 14.0

4.0 25.0

4.0 25.0

2.0 14.0

2.0 14.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig.
No.

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-5

2-5

2-5

2-5
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AC Operating Requirements: see section 2 for waveforms

Symbol

ts

ts(H)

ta(H)

ts(H)

t8

ts

t8

th(L)

*h

th

th

tw(L)*

tcorr*

Parameter

Setup Time, HIGH or LOW

DB/CB before So HIGH (Si HIGH)

Setup Time, HIGH

So HIGH before LEDBO HIGH

Setup Time, HIGH

LEDBO HIGH before So or Si LOW

Setup Time, HIGH

LEDBO HIGH before Si HIGH

Setup Time, HIGH or LOW

Diagnostic DB before Si HIGH

Setup Time, HIGH or LOW

Diagnostic CB before

Si LOW or So HIGH

Setup Time, HIGH or LOW

Diagnostic DB before

EiDBQ HIGH (Si LOW, So HIGH)

Hold Time, LOW

So LOW after Si HIGH

Hold Time, HIGH or LOW

DB and CB Hold after So HIGH

Hold Time, HIGH or LOW

DB Hold after Si HIGH

Hold Time, HIGH or LOW

CB Hold after Si LOW or So HIGH

Hold Time, HIGH or LOW

Diagnostic DB after

LEDBO HIGH (Si LOW, So HIGH)

LEDBO Pulse Width

Correction Time

74F

TA = +25°C

Vcc= +5.0V

Mln Max

3.0

12.0

0

0

0

3.0

8.0

8.0

8.0

8.0

5.0

0

8.0

25.0

54F

TA.Vcc = MII

Mln Max

74F

TA.Vcc = Com

Mln Max

3.0

14.0

0

0

0

3.0

8.0

8.0

8.0

8.0

5.0

0

8.0

28.0

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

No

2-6

2-6

2-6

2-6

2-6

2-6

2-6

2-6

2-6

2-6

2-6

2-6

2-4

•Note: These parameters are guaranteed by characterization or other tests performed.
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54F/74F646 • 54F/74F648

Octal Transceiver/Register with TRI-STATE® Outputs

General Description
These devices consist of bus transceiver circuits with TRI-

STATE or open-collector outputs, D-type flip-flops, and con

trol circuitry arranged for multiplexed transmission of data

directly from the input bus or from the internal registers.

Data on the A or B bus will be clocked into the registers as

the appropriate clock pin goes to a high logic level. Control

(a and direction pins are provided to control the transceiver

function. In the transceiver mode, data present at the high

impedance port may be stored in either the A or the B regis

ter or in both. The select controls can multiplex stored and

real-time (transparent mode) data. The direction control de

termines which bus will receive data when the enable con

trol § is Active LOW. In the isolation mode (control S
HIGH), A data may be stored in the B register and/or B data

may be stored in the A register.

Features
■ Independent registers for A and B buses

■ Multiplexed real-time and stored data

■ Choice of true and inverting (T648) data paths

■ TRI-STATE outputs

■ 300 mil slim DIP

Ordering Code: see section 5

Logic Symbols

-06

UUUi,
SAB

KR

CPBA

SBA

BS B4

I I I I I

IEEE/IEC

F646

F648

kkkkkkkk
A3 A4

TL/F/B680-7

5 1

IEEE/IEC

F648

TL/F/9580-9
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Connection Diagrams

Pin Assignment

for DIP, SOIC and Flatpak

F646

Pin Assignment

for DIP, SOIC and Flatpak

F648

CPAB-

SAB-

DIR-

Aq-

A1"

A2-

A3-

A4-

A5~

A6-
A7-

GND-

1

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

-CPBA

-SBA

-G

-B4

-B7

CPAB-

SAB-

DIR-

Aq-

Ai~

A2-

A3-

h-
A5-
A6-

A7-

GND-

1

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

-CPBA

-SBA

-6

-62
-63

-64

-67

Pin Assignment

forLCCandPCC

F646

A5 A4 A3 NC A2 Aj Aq

[oi eh in in [3 m n]

Pin Assignment

forLCCandPCC

F648

Ac ha At NC Ao A< An

E3 Eoj n] in [7] m m

B4 B3 B2 NC B1 B0 6 B4B3B2NCB1B0 G

TL/F/9580-10
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

A0-A7

B0-B7

CPAB, CPBA

SAB, SBA

DIR

Description

Data Register A Inputs/

TRI-STATE Outputs

Data Register B Inputs/

TRI-STATE Outputs

Clock Pulse Inputs

Select Inputs

Output Enable Input

Direction Control Input

54F/74F

U.L

HIGH/LOW

3.5/1.083

600/106.6(80)

3.5/1.083

600/106.6(80)

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

Input I|H/I|l

Output Ioh/Iol

70 jxA/ -650 mA

-12mA/64mA(48mA)

70fiA/-650mA

-12mA/64mA(48mA)

20 fiA/-0.6 mA

20 fiA/-0.6 mA

20 jaA/ -0.6 mA

20ftA/-0.6mA

Function Table

Inputs

G DIR CPAB CPBA SAB SBA

H X HorL HorL X X

H X S- X XX

H X X ^- X X

L H X XL X

L H ^/~ X L X

L H HorL X H X

L H S- X H X

L L X X X L

L L X ^- X L

L L X HorL X H

L L X _/" X H

Data I/O*

A0-A7

Input

Input

Output

B0-B7

Input

Output

Input

Function

Isolation

Clock An Data into A Register

Clock Bn Data into B Register

An to Bn—Real Time (Transparent Mode)

Clock An Data into A Register

A Register to Bn (Stored Mode)

Clock An Data into A Register and Ouptut to Bn

Bn to An—Real Time (Transparent Mode)

Clock Bn Data into B Register

B Register to An (Stored Mode)

Clock Bn Data into B Register and Output to An

•The data output functions may be enabled or disabled by various signals at the 5 and DIR Inputs. Data input functions are always enabled; i.e., data at the bus
pins will be stored on every LOW-to-HIGH transition of the clock inputs.

H = HIGH Voltage Level

L = LOW Voltage Level

X = Irrelevant

_y- = LOW-to-HIGH Transition

4-527



Logic Diagrams (continued)

<0

DIR-

CBA-

SBA-

CAB-

SAB-

N-

'F646

1 OF 8 CHANNELS

H ►

TO 7 OTHER CHANNELS

TL/F/9580-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Logic Diagrams (continued)

'F648

OIR-

C8A-

SBA-

CAB-

SAB-

N-

■o°e>i

1 OF 8 CHANNELS

-H ►

TO 7 OTHER CHANNELS

TL/F/8580-6

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ cMflAirAmhifl«fTflmna«*,.ra
Distributors for availability and specifications. Rjj^Amb-nt Temperature _^^ + ^^

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

>BVI

'bvit

IlL

'IH + k)ZH

IlL + >OZL

los

ICEX

izz

•CCH

ICCL

•ccz

Parameter

Input HIGH Voltage

input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 74F10%VCc

74F 5% Vcc

Output LOW 54F 10% Vcc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.0

2.0

2.0

0.55

0.55

20

100

1.0

-0.6

70

-650

-100 -225

250

500

135

150

150

Units

V

V

V

V

V

,iA

mA

mA

,iA

JLlA

mA

,*A

I*

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

llM = -18 mA (Non I/O Pins)

IOH= -12 mA (An, Bn)

IOH= -12mA(An,Bn)

IOH= -15mA(An>Bn)

lOL = 48mA(An,Bn)

IOL = 64 mA (An, Bn)

V|N = 2.7V (Non I/O Pins)

V,N = 7.0V (Non I/O Pins)

V,N = 5.5V(An,Bn)

V|N = 0.5V (Non I/O Pins)

VOUT = 2.7V(An,Bn)

VOUT = 0.5V(An,Bn)

Vqut = 0V

VOUT = VCC

VOUT = Vcc

V0 = HIGH

Vo = LOW

Vo = HIGH Z

4-530



AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpi_H

tpHL

*PLH

tpHL

*PLH

tPHL

tpLH

tPHL

tpZH

tpZL

tpHZ

tpLZ

tpZH

tpZL

tpHZ

tpLZ

Parameter

Maximum Clock Frequency

Propagation Delay

Clock to Bus

Propagation Delay

BustoBus('F646)

Propagation Delay

BustoBus('F648)

Propagation Delay

SBA or SAB to A or B

Enable Time

OEtoAorB

Disable Time

OEtoAorB

Enable Time

DIR to A or B

Disable Time

DIRtoAorB

74F

TA= +25°C

VCc = +5.0V

CL = 50 pF

Min Max

90

2.0 7.0

2.0 8.0

1.0 7.0

1.0 6.5

2.0 8.5

1.0 7.5

2.0 8.5

2.0 8.0

2.0 8.5

2.0 12.0

1.0 7.5

2.0 9.0

2.0 14.0

2.0 13.0

1.0 9.0

2.0 11.0

54F

TA,VCC = Mil

CL = 50 pF

Min Max

75

2.0 8.5

2.0 9.5

1.0 8.0

1.0 8.0

1.0 10.0

1.0 9.0

2.0 11.0

2.0 10.0

2.0 10.0

2.0 13.5

1.0 9.0

2.0 11.0

2.0 16.0

2.0 15.0

1.0 10.0

2.0 12.0

74F

TA,VCc = Com

CL=50pF

Min Max

90

2.0 8.0

2.0 9.0

1.0 7.5

1.0 7.0

2.0 9.0

1.0 8.0

2.0 9.5

2.0 9.0

2.0 9.0

2.0 12.5

1.0 8.5

2.0 9.5

2.0 15.0

2.0 14.0

1.0 9.5

2.0 11.5

Units

MHz

ns

ns

ns

ns

ns

ns

ns

ns

FI9
No

2-1

2-3

2-3

2-3

2-3

2-5

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(U

tw(H)

tw(U

Parameter

Setup Time, HIGH or LOW

Bus to Clock

Hold Time, HIGH or LOW

Bus to Clock

Clock Pulse Width

HIGH or LOW

74F

TA=+25-C

VCC= +5.0V

Min Max

5.0

5.0

2.0

2.0

5.0

5.0

54F

Ta,vcc = mii

Min Max

5.0

5.0

2.5

2.5

5.0

5.0

74F

TA, VCc = Com

Min Max

5.0

5.0

2.0

2.0

5.0

5.0

Units

ns

ns

ns

Fig

No

2-6

2-6

2-4
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54F/74F651 • 54F/74F652

Transceivers/Registers

General Description
These devices consist of bus transceiver circuits with

D-type flip-flops, and control circuitry arranged for multi

plexed transmission of data directiy from the Input bus or

from internal registers. Data on the A or B bus will be

clocked into the registers as the appropriate clock pin goes

to HiGH logic level. Output Enable pins (OEAB, UEBA) are

provided to control the transceiver function.

Features
■ Independent registers for A and B buses

■ Multiplexed real-time and stored data

■ Choice of non-inverting and inverting data paths

— 'F651 inverting

— 'F652 non-inverting

Ordering Code: see section 5

Logic Symbols

IEEE/IEC

'F651

IEEE/IEC

'F652

Connection Diagrams

Pin Assignment

DIP.SOICandFlatpak

CPAB-

SAB-

OEAB-

A,-

A2-

A4-

A7-

GND-

1

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

-CPBA

-SBA

-h

-h

-■7

TL/F/9581-10

'F651 'F652

Pin Assignment

forLCCandPCC

Ag A4 A3 NC A2 At Aq

Q3 Efil El H] S EJ H

mnm
H H *4 *s

OEBA

B0 B1 B2 B3 B4 B5 B6 B7

mum

A, A2 A3 A4 A5 Ag A7

OEAB

OEBA

B0 Bt B2 B3 B4 B5 B6 B7

B4 B3 B2 NC B, Bo OlBS

TL7F/9581-4
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Unit Loading/Fail Out: See Section 2 for U.L definitions
01

Pin Names

A0-A7, B0-B7

CPAB, CPBA

SAB, SBA

OEAB.OEBA

Description

A and B Inputs/

TRI-STATE® Outputs

Clock Inputs

Select Inputs

Output Enable Inputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

600/106.6(80)

1.0/1.0

1.0/1.0

1.0/1.0

Input I|H/I|L

Output Ioh/Iol

20jmA/-0.6mA

-12mA/64mA(48mA)

20 ju,A/-0.6 mA

20 jaA/-0.6 mA

20 jaA/- 0.6 mA

Logic Diagrams

'F651

OEBA-

TO 7 OTHER CHANNELS
TL/F/85B1-6

Please note that this diagram Is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Logic Diagrams (continued)

'F652

—►BO

TO 7 OTHER CHANNELS
TL/F/9581-12

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

Functional Description
In the transceiver mode, data present at the HIGH imped

ance port may be stored in either the A or B register or both.

The select (SAB, SBA) controls can multiplex stored and

real-time.

The examples in Figure 1 demonstrate the four fundamental

bus-management functions that can be performed with the

Octal bus transceivers and receivers.

Data on the A or B data bus, or both can be stored in the

internal D flip-flop by LOW to HIGH transitions at the appro

priate Clock Inputs (CPAB, CPBA) regardless of the Select

or Output Enable Inputs. When SAB and SBA are in the real

time transfer mode, it is also possible to store data without

using the internal D flip-flops by simultaneously enabling

OEAB and OEBA. In this configuration each Output reinforc

es its Input. Thus when all other data sources to the two

sets of bus lines are in at HIGH impedance, each set of bus

lines will remain at its last state.
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Note A: Real-Time

Transfer Bus B to Bus A

Note B: Real-Time

Transfer Bus A to Bus B

Note C: Storage

<

vr vi

Note D: Transfer Storage

Data to A or B

IIII11 .

TL/F/9581-6

OEAB OEBS CPAB CPBA SAB SBA

MINI

TL/F/8581-7

OEBR CPAB CPBA SAB SBA

I I II II .

TL/F/9581-8

OEAB OEBS CPAB CPBA SAB SBA

MINI

TL/F/8581-9

OEAB OEBA CPAB CPBA SAB SBA

H L HorL HorL H X

Function Table

Inputs

OEAB

L

L

X

H

L

L

L

L

H

H

H

OEBA

H

H

H

H

X

L

L

L

H

H

L

CPAB

HorL

_S~

^r

_/"

HorL

X

X

X

HorL

HorL

CPBA

HorL

^r

HorL

_/"

_y-

X

HorL

X

X

HorL

SAB

X

X

X

X

X

X

X

X

L

H

H

SBA

X

X

X

X

X

X

L

H

X

X

H

Inputs/Outputs (Note 1)

An thru A7

Input

Input

Input

Not Specified

Output

Output

Input

Output

Bo thru B7

Input

Not Specified

Output

Input

Input

Input

Output

Output

Operating Mode

Isolation

Store A and B Data

Store A, Hold B

Store A in Both Registers

Hold A, Store B

Store B in Both Registers

Real-Time B Data to A Bus

Store B Data to A Bus

Real-Time A Data to B Bus

Stored A Data to B Bus

Stored A Data to B Bus and

Stored B Data to A Bus

8

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

-/- = LOW to HIGH Clock Transition

Note 1: The data output functions may be enabled or disabled by various signals at OEAB or OEBA inputs. Data input functions are always enabled, i.e.,

bus pins will be stored on every LOW to HIGH transition on the clock inputs.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ - .. AmblentTemoerature
Distributors for availability and specifications. Fre^e^rAmbient Temperature ^^ +^

Storage Temperature - 65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to .+ 7.0V

Input Voltage (Note 2) - 0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have Its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage ilmtt or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

Ibvi

Ibvit

IlL

I|H + k)ZH

IlL + IOZL

bs

'CEX

izz

'CCH

'CCL

•ccz

Parameter

Input HIGH Voltage

Input LOWVoltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 74F10%VCc

74F 5% Vcc

Output LOW 54F10%VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.0

2.0

2.0

0.55

0.55

5.0

10

1.0

-0.6

70

-650

-100 -225

250

500

105 135

118 150

115 150

Units

V

V

V

V

V

pA

pA

mA

mA

pA

IxA

mA

HA

fiA

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N= -18mA(Nonl/OPins)

IOH= -12 mA (An, Bn)

IOH=-12mA(An,Bn)

IOH= -15 mA (An, Bn)

IOL = 48mA(AniBn)

lOL = 64mA(An,Bn)

V|N = 2.7V (Non I/O Pins)

V|N = 7.0V

V,N = 5.5V(An,Bn)

V|N = 0.5V (Non I/O Pins)

VOUT = 2.7V(AniBn)

VOUT = 0.5V(An,Bn)

V0UT = 0V

VoUT = Vcc

VOUT = Vcc

Vo = HIGH

V0 = LOW

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tPLH

tpHL

tpLH

tpHL

tpLH

tpHL

Parameter

Max. Clock Frequency

Propagation Delay

Clock to Bus

Propagation Delay

BustoBus('F651)

Propagation Delay

BustoBus('F652)

Propagation Delay

SBAorSABtoAorB

74F

Ta= +25'C

VCfe = +5.0V
CL = 50pF

Mln Max

90

2.0 7.0

2.0 8.0

2.0 8.5

1.0 7.5

1.0 7.0

1.0 6.5

2.0 8.5

2.0 8.0

54F

Ta,vcc = mii
CL = 50pF

Mln Max

74F

TAfVcc^Com

CL = 50pF

Mln Max

90

2.0 8.0

2.0 9.0

2.0 9.0

1.0 8.0

1.0 7.5

1.0 7.0

2.0 9.5

2.0 9.0

Units

MHz

ns

ns

ns

ns

Fig

No

2-1

2-3

24

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

tpZH

tpZL

tpHZ

tpLZ

tpZH

tpZL

tpHZ

tpLZ

ts(H)

ts(L)

th(H)

th(L)

WH)

Parameter

Enable Time

♦OEBAtoA

Disable Time

•OEBAtoA

Enable Time

OEABtoB

Disable Time

OEABtoB

Setup Time, HIGH or

LOW, Bus to Clock

Hold Time, HIGH or

LOW, Bus to Clock

Clock Pulse Width

HIGH or LOW

74F

TA= + 25°C

VCC= +5.0V

Mln Max

2.0 9.5

2.0 1J2.0

1.0 7.5

2.0 8.5

2.0 9.5

3.0 13.0

2.0 9.0

2.0 10.5

5.0

5.0

2.0

2.0

5.0

5.0

54F

TA,Vcc=MH

Mln Max

74F

TA.VCc = Com

Mln Max

2.0 10.0

2.0 12.5

1.0 8.0

2.0 9.0

2.0 10.0

3.0 14.0

2.0 10.0

2.0 11.0

5.0

5.0

2.0

2.0

5.0

5.0

Units

ns

ns

ns

ns

ns

Fig

No

2-5

2-5

2-6

2-6

2-4
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£Q National
Semiconductor

54F/74F657 Octal Bidirectional Transceiver

with 8-Bit Parity Generator/Checker

and TRI-STATE® Outputs

General Description
The 'F657 contains eight non-Inverting buffers with

TRI-STATE® outputs and an 8-bit parity generator/checker,

it is intended for bus-oriented applications. The buffers have
a guaranteed current sinking capability of 24 mA (20 mA mil)

at the A port and 64 mA (48 mA mil) at the B port.

Features
300 Mil 24-pin slimline DIP

Combines 'F245 and 'F280A functions in one package

TRI-STATE outputs

B Outputs sink 64 mA (48 mA mil)

12 mA source current, B side

Input diodes for termination effects

Ordering Code: see section 5

Logic Symbols Connection Diagrams

IEEE/IEC

ODD/—f-

EVEN L-l

oi aIobusbtoa]
<[m-,|i bus a to b
'J 2|2HKHZ J

G3(EVEN)

64 (ODD)

b r
2K

vo

H

1,3(EVEN)

1,4(0D0)

0,3(EVEN)

0,4(000)

Pin Assignment

forDIP,SOIC

and Flatpak

-PARITY

«—►Bq

4—^82

B3

T/R-

Aq-

A1-

A2-

A3-

A4-

vcc-

A5-

Ae-

A7-

ODD/EVEN-

ERROR—

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

Pin Assignment

for LCC and PLCC

B5 B6 By NC PAR ERR ODD/EVEN

D3 Eo) III EH 13 m El

-GND

'4

H-M7

TL/F/9584-5

TL/F/9584-2

-O0E

I I I I I I I I

T/R

OE

ODD/EVEN

A2 A3 A4 As A6 A7

ERROR

B2 B3 B4 B5 B6 B7 PARITY

I I I I I I I I I
TL/F/9584-1
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

Ao-A7

B0-B7

T/R

SE

PARITY

ODD/EVEN

ERROR

Description

Data Inputs/

TRI-STATE Outputs

Data Inputs/

TRI-STATE Outputs

Transmit/Receive Input

Enable Input

Parity Input/

TRI-STATE Output

ODD/EVEN Parity Input

Error Output

54F/74F

U.L.

HIGH/LOW

4.5/0.15

150/40(33.3)

3.5/0.117

600/106.6(80)

2.0/0.067

2.0/0.067

3.5/0.117

600/106.6(80)

1.0/0.033

600/106.6(80)

Input I|H/Iil

Output Ioh/'ol

90/xA/-90/mA

-3mA/24mA(20mA)

70jLtA/-70fjiA

-12mA/64mA(48mA)

40jmA/-40|mA

40ftA/-40fiA

70ju,A/-70/aA

-12mA/64mA(48mA)

20jutA/-20jaA

-12mA/64mA(48mA)

Functional Description
The Transmit/Receive (T/R) input determines the direction

of the data flow through the bidirectional transceivers.

Transmit (active HIGH) enables data from the A port to the

B port; Receive (active LOW) enables data from the B port

to the A port.

The Output Enable (OE) input disables the parity and

ERROR outputs and both the A and B ports by placing them

in a HIGH-Z condition when the Output Enable input is

HIGH.

When transmitting (T/R HIGH), the parity generator detects

whether an even or odd number of bits on the A port are

HIGH and compares these with the condition of the pari

ty select (ODD/EVEN). If the Parity Select is HIGH and an

even number of A inputs are HIGH, the Parity output is

HIGH.

In receiving mode (T/R LOW), the parity select and number

of HIGH inputs on port B are compared to the condition of

the Parity input. If an even number of bits on the B port are

HIGH, the parity select is HIGH, and the PARITY input is

HIGH, then ERROR will be HIGH to indicate no error. If an

odd number of bits on the B port are HIGH, the parity select

is HIGH, and the PARITY input is HIGH, the ERROR will be

LOW indicating an error.

Function Table

Number of

InputsThat

Are High

Inputs

OE T/R ODD/EVEN

Input/

Output

Parity

Outputs

ERROR Outputs Mode

0,2,4,6,8 H

H

L

L

L

L

H

L

H

H

L

L

H

L

H

L

H

L

Z

Z

H

L

L

H

Transmit

Transmit

Receive

Receive

Receive

Receive

1,3,5,7 H

H

L

L

L

L

Z

Z

L

H

H

L

Transmit

Transmit

Receive

Receive

Receive

Receive

Immaterial

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

Function Table

Inputs

OE

L

L

H

T/R

L

H

X

Outputs

Bus B Data to Bus A

Bus A Data to Bus B

High-Z State

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial
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Functional Block Diagram

J/R

ODD/EVEN

2 GROUND PINS
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Absolute Maximum Ratings (Note d
If Military/Aerospace specified devices are required, Current Applied to Output

contact the National Semiconductor Sales Office/ in LOW State (Max) twice the rated IOl (mA)

Distributors for availability and specifications. Note 1: Absolute maximum ratings are values beyond which the device may

Storage Temperature -arc to + 150'C L^lns^notimpTed"' "* ***** FUnCt'°nal ^^ "*"
Ambient Temperature under Bias - 55°C to +125'C Note 2. Ejther vo|tage Iimit or current limit is sufficient t0 protect input8i

Junction Temperature under Bias - 55°C to +175°C

vcc Pin Potential to Recommended Operating
Ground Pin -0.5V to +7.0V Conditions

inPutVoitage(Note2) -0.5Vto+7.0V Free Air Ambient Temperature

Input Current (Note 2) -30 mA to + 5.0 mA Military - 55°C to +125°C

Voltage Applied to Output Commercial 0°C to + 70°C

in HIGH State (with VCc = 0V) Supply Voltage

Standard Output -0.5VtoVcc Military +4.5Vto+5.5V
TRI-STATE Output -0.5Vto+5.5V Commercial +4.5Vto+5.5V

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

•bvi

•bvit

IlL

•OZH

IOZL

•lH + JOZH

•lL + IOZL

«OS

ICEX

\zz

'CCH

'CCL

'ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10%Vcc

Voltage 54F10%Vcc

54F10%VCc
74F10%VCc
74F10%Vcc
74F10%Vcc
74F 5% VCc

74F 5% VCc

74F 5% VCc

Output LOW 54F 10% Vcc

Voltage 54F10%VCc

74F10%VCc
74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage

Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.0

2.5

2.4

2.0

2.7

2.7

2.0

0.5

0.55

0.5

0.55

20

40

100

1.0

2.0

-20

-40

50

-50

70

90

-70

-90

-60 -150

-100 -225

250

1.0

2.0

500

101 125

112 150

109 145

Units

V

V

V

V

V

txA

MA

mA

pA

,xA

MA

jxA

jxA

mA

pA

mA

mA

mA

Vcc

Min

Min

Min

Max

Vcc = 0

Max

Max

Max

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

'in — —18 mA

IOH= "1mA (An)
•oh = ~3 mA (An, Bn, Parity, ERROR)

Ioh = -12 mA (Bn, Parity, ERROR)

IOH= "1mA (An)
Ioh = -3 mA (An Bn, Parity, ERROR)
IOH = "12 mA (Bn, Parity, ERROR)

Ioh = "3 mA (An, Bn, Parity, ERROR)

Ioh = " 15 mA (Bn, Parity, ERROR)

lOL = 20mA(An)

Iol = 48 mA (Bn, Parity, ERROR)

lOL = 24mA(An)

Iol = 64 mA (Bn Parity, ERROR)

V|N = 2.7V (ODD/lVEN)
V|N2.7V(T/R,SE)

V|N = 7.0V (T/R, SE, ODD/EVEN)

V,N = 5.5V (Parity, Bn)
V,N = 5.5(An)

V|N = 0.5V (ODD/EVEN)

V|N = 0.5V(T/R,QE)

VoUT = 2.7V (ERROR)

V0UT = 0.5V (ERROR)

V|/0 = 2.7V (Bn, Parity)

V,/o = 2.7V(An)

V,/o = 0.5V (Bn, Parity)

V|/O = 0.5V(An)

VOUT = 0V(An)

V0UT = 0V (Bn, Parity, ERROR)

V0UT = Vcc (ERROR)
V0UT = Vcc (Bn, Parity)

VoUT = Vcc(An)

VoUT = Vcc (An, Bn, Parity, ERROR)

Vo = HIGH

Vo = LOW

V0 = HIGH Z

0>

4-541



AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpLH

tpHL

tpLH

tPHL

tPLH

tPHL

tPLH

tPHL

tPLH

tPHL

tPLH

*PHL

tpZH

tpZL

tpHZ

tpLZ

tpZH

tpZL

tpHZ

tpLZ

tpZH

tpZL

tpHZ

tpLZ

Parameter

Propagation Delay

AntoBn,BntoAn

Propagation Delay

An to Parity

Propagation Delay

ODD/EVEN to PARITY

Propagation Delay

ODD/B7EN to ERROR

Propagation Delay

Bn to ERROR

Propagation Delay

PARITY to ERROR

Output Enable Time

OEtoAn/Bn

Output Disable Time

OEtoAn/Bn

Output Enable Time

C5E to ERROR (Note 1)

Output Disable Time

OE to ERROR

Output 8Enable Time

OE to PARITY

Output Disable Time

OE to PARITY

74F

TA= +25°C

Vcc = +5.0V

CL=50pF

Mln Typ Max

2.5 4.5 8.0

3.0 4..9 7.5

6.5 10.1 14.0

7.0 10.9 15.0

4.5 7.8 11.0

4.5 8.8 12.0

4.5 7.5 11.0

4.5 8.2 12.0

8.0 14.0 20.5

8.0 15.0 21.5

7.0 10.8 15.5

7.5 11.8 16.5

3.0 5.0 8.0

4.0 6.5 10.0

1.0 4.5 8.0

1.0 4.9 7.5

3.0 5.0 8.0

4.0 7.7 10.0

1.0 4.5 8.0

1.0 4.9 7.5

3.0 5.0 8.0

4.0 7.7 10.0

1.0 4.6 8.0

1.0 5.1 7.5

54F

TA,Vcc = MII

CL = 50pF

Mln Max

2.5 9.5

3.0 8.5

5.5 18.0

5.5 20.5

4.0 14.0

4.5 16.5

4.0 14.0

4.5 16.5

7.5 27.0

7.5 28.5

6.0 20.0

6.5 22.0

2.5 11.0

3.5 13.5

1.0 9.5

1.0 8.5

2.5 11.0

3.5 13.5

1.0 9.5

1.0 8.5

2.5 11.0

3.5 13.5

1.0 9.5

1.0 8.5

74F

TA.VCc = Com

CL = 50pF

Mln Max

2.5 9.0

3.0 8.0

6.0 16.0

6.0 16.5

4.0 13.0

4.5 13.5

4.0 13.0

4.5 13.5

7.5 23.0

7.5 23.5

6.0 17.0

7.5 18.5

2.5 9.5

3.5 11.0

1.0 9.0

1.0 8.0

2.5 9.5

3.5 11.0

1.0 9.0

1.0 8.0

2.5 9.5

3.5 11.0

1.0 9.0

1.0 8.0

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-3

2-3

2-3

2-3

2-3

2-3

2-5

2-5

2-5

2-5

2-5

2-5

Note 1: These deiay times reflect the TRI-STATE recovery time only and not the signal time through the buffers or the parity check circuity. To assure VALID

information at the ERROR pin. time must be allowed for the signal to propagate through the drivers (B to A), through the parity check circuitry (same as A to

PARITY), and to the ERROR output after the ERROR pin has been enabled (Output Enable times). VALID data at the ERROR pin i (A to PARITY) + (Output

Enable Time).
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54F/74F673A

16-Bit Serial-ln, Serial/Parallel-Out Shift Register

General Description
The 'F673A contains a 16-bit serial-in, serial-out shift regis

ter and a 16-bit parallel-out storage register. A single pin

serves either as an input for serial entry or as a TRI-

STATE® serial output. In the Serial-out mode, the data recir-

culates in the shift register. By means of a separate clock,

the contents of the shift register are transferred to the stor

age register for parallel outputting. The contents of the stor

age register can also be parallel loaded back into the shift

register. A HIGH signal on the Chip Select input prevents

both shifting and parallel transfer. The storage register may

be cleared via STMR.

Features
■ Serial-to-parallel converter

■ 16-bit serial I/O shift register

■ 16-bit parallel-out storage register

■ Recirculating serial shifting

■ Recirculating parallel transfer

■ Common serial data I/O pin

■ Slim 24 lead package

Ordering Code: see section 5

Logic Symbols

-0

-0

1
SI/0

cs

SHCP

R/W

STMR

STCP

Qo Q, Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 <>10Qi1Q12Q13Q14Q15

I I I I I 1 1 1 1 I I I I I I 1
TL/F/9585-

IEEE/IEC

STMR *

STCP 1

R/W |

1 SHCP *

SRG16

RIO

>8(0/1)C9

> h
G8

& bC4/5-»»

7.3.4D

.11.3.4D

-12.3.4D

26,3,40 Z5

9D 10Z11

9D 10Z12

9D 10Z26

Qo

°i

Q2

Q3
^^^^^M ft

Q4

Q6

—Q7

^^^^^B ft
Q9

Qii

Q«

Q13

Qu

Q15

£
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Connection Diagrams

Pin Assignment

forDIP,SOICandFlatpak

-Q15

-Q14

-Qi3

-Q12

-Q11

-Q10

-Q7

cs-

SHCP-

R/W-

STMR-

STCP-

Sl/O-

Qi"
Q2-

Q3-

Q4-

GND-

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

Pin Assignment

for LCC and PCC

Q^QqNCSI/OSTCPSTMR

E3 Eg [E mo [3

BR/W

H]SHCP

mcs

D]NC

ivcc

Q11Q12Q13

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

§H5P

stor

STCP

R/W

Sl/O

Q0-Q15

Description

Chip Select Input (Active LOW)

Shift Clock Pulse Input (Active Falling Edge)

Store Master Reset Input (Active LOW)

Store Clock Pulse Input

Read/Write Input

Serial Data Input or

TRI-STATE Serial Output

Parallel Data Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

3.5/1.0

150/40(33.3)

50/33.3

Input I,h/Iil

Output Ioh/Iol

20juiA/-0.6mA

20 fiA/-0.6 mA

20 ju,A/- 0.6 mA

20jLtA/-0.6mA

20 jiA/- 0.6 mA

70 jllA/—0.6 mA

-3mA/24mA(20mA)

-1 mA/20mA

Functional Description
The 16-bit shift register operates in one of four modes, as

indicated in the Shift Register Operations Table. A HIGH

signal on the Chip Select (65) input prevents clocking and

forces the Serial Input/Output (Sl/O) TRI-STATE buffer into

the high impedance state. During serial shift-out operations,

the Sl/O buffer is active (i.e., enabled) and the output data

is also recirculated back into the shift register. When parallel

loading the shift register from the storage register, serial

shifting is inhibited.

The storage register has an asynchronous master reset

(STMR) input that overrides all other inputs and forces the

Q0-Q15 outputs LOW. The storage register is in the Hold

mode when either CS_or the Read/Write (R/W) input is

HIGH. With U§ and R/W both LOW, the storage register is

parallel loaded from the shift register.
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Shift Register Operations Table

Control Inputs

CS

H

L

L

L

R/W

X

L

H

H

SHCP

X

STCP

X

X

L

H

Sl/O

Status

HighZ

Data In

Data Out

Active

Operating Mode

Hold

Serial Load

Serial Output

with Recirculation

Parallel Load;

No Shifting

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

"\_ =■ HIGH-to-LOW Transition

Storage Register Operations Table

Control Inputs

STMR

L

H

H

H

CS

X

H

X

L

R/W

X

X

H

L

STCP

X

X

X

Operating

Mode

Reset; Outputs LOW

Hold

Hold

Parallel Load

Block Diagram

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

_/- «=> LOW-to-HIGH Transition

CS

STCP-

STMR —*>«>■

\
PE

SHIFT REGISTER

16

D0"D15

STORAGE REGISTER

MR Q0-Q15

I

-SI/0

16

Q0-Qi5
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ - A A. AmM^t~~*^*-* ,~

Distributors ,or avaHabUKy and speCf.cat.ons. F*£M*-nl TemPSratUre _55.c to +1 ZS'O
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

•bvi

Ibvit

IlL

I|H +
•OZH

I|L +
'OZL

los

'CEX

Izz

'CCH

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%VCc

74F10%Vcc

74F10%VCc

74F 5% VCc

74F5%VCc

Output LOW 54F10% V<x

Voltage 74F10%VCc

74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

0.5

20

100

1.0

-0.6

70

-650

-60 -150

250

500

114 172

114 172

Units

V

V

V

V

V

jiA

j*A

mA

mA

ju.A

mA

jtA

^A

mA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N = -18 mA (Non I/O pins)

IOH= -1mA(Qn,SI/O)

IOh= -3mA(SI/O)

IOH= -1mA (Qn, Sl/O)

IOh= -3 mA (Sl/O)

IOH= -1mA(Qn,SI/0)

IOh= -3 mA (Sl/O)

Iol = 20 mA (All outputs)

Iol = 20 mA (Qn)

Iol = 24 mA (Sl/O)

V|N = 2.7V (Non I/O pins)

V|N = 7.0V (Non I/O pins)

V|N = 5.5V (Sl/O)

V|N = 0.5V

VoUT = 2.7V (Sl/O)

V0UT = 0.5V (Sl/O)

V0UT = 0V

VoUT = Vcc

VOUT = Vcc

Vo = HIGH

V0 = LOW

4-546



AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tPHL

tpHL

tpLH

tPHL

tpZH

tpZL

tpHZ

tpLZ

tpZH

tpZL

tpHZ

tpLZ

Parameter

Maximum Clock Frequency

Propagation Delay

STCPtoQn

Propagation Delay

STMRtoQn

Propagation Delay

SHCPtoSI/O

Output Enable Time

C§ to Sl/O

Output Disable Time

C§ to Sl/O

Output Enable Time

R/WtoSI/O

Output Disable Time

R/WtoSI/O

74F

TA= + 25°C

VCc= +5.0V

CL = 50 pF

Mln Typ Max

100 130

3.0 8.0 10.5

3.0 10.5 13.5

6.0 16.5 20.5

4.0 6.5 8.5

4.5 8.0 10.5

5.0 8.5 11.0

5.5 9.0 11.5

3.5 5.5 7.5

3.0 4.5 6.5

4.5 7.5 9.5

4.5 8.0 10.0

3.0 5.5 7.0

2.5 4.0 5.5

54F

Ta,vcc = mii

CL = 50 pF

Min Max

74F

TA,VCC = Com

CL = 50pF

Mln Max

85

2.5 12.0

2.5 15.0

5.5 22.5

3.5 9.5

4.0 12.0

4.0 12.5

4.5 13.0

3.0 8.5

2.5 7.5

4.0 10.5

4.0 11.5

2.5 8.0

2.0 6.5

Units

MHz

ns

ns

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-3

2-5

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(L)

th(H)

th(U

Parameter

Setup Time, HIGH or LOW

C§orR/WtoSTCP

Hold Time, HIGH or LOW

C§orR/WtoSTCP

Setup Time, HIGH or LOW

SI/OtoSRCP

Hold Time, HIGH or LOW

SI/OtoSHCP

54F/74F

TA = +25°C

VCc= +5.0V

Mln Max

3.5

6.0

0

0

3.0

3.0

3.0

3.0

54F

TA,Vcc = MII

Min Max

74F

TA»VCc = Com

Mln Max

4.0

7.0

0

0

3.5

3.5

3.5

3.5

Unite

ns

ns

Fig

No

2-6

2-6
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ADVANCED INFORMATION

54F/74F674

16-Bit Serial/Parallel-ln, Serial-Out Shift Register

General Description
The 'F674 is a 16-bit shift register with serial and parallel

load capability and serial output. A single pin serves alter

nately as an input for serial entry or as a TRI-STATE® serial

output. In the serial-out mode the data recirculates in the

register. Chip Select, Read/Write and Mode inputs provide

control flexibility.

Features
16-Bit serial I/O shift register

16-Bit parallel-in, serial-out converter

Recirculating serial shifting

Common serial data I/O pin

Slim 24 lead DIP

Logic Symbols

-0

-0

—

1

cs '

CP

M

|
P2 P3

| | | 1

SI/0

1
p9

1 1 1 1 1 1
P10P11P12P13P14P15

Connection Diagrams

Pfn Assignment

for DIP, SOIC and Flatpak

R/W-

CP-

po-

p1-

p2-

p6

p7-

p8-

p9"

pio-

13P1

P14

P15

—

1

&

&

T—'

EEE/IEC

SRG16

"I

EN

> C4(0/1/2)-

c

3.4D (0,1.2)40

3,40

3,40 > V

cs-

CP—

R/W-

NC-

M-

SI/0-

po-

P1-
P2-

P3-

P4-

6ND-

1

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

-pi

"P10

-p8

TL/F/8S88-2

Pin Assignment

forLCCandPCC

P2 Pt PqNCSI/OMNC

E3 GH IE IS 13 H

2 t q

E3 GH IE IS 13 HI DO

P8 P9P10NCP11P12P13
TL/F/9586-3
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Functional Description
The 16-bit shift register operates in one of four modes, as

indicated in the Shift Register Operations Table.

Hold—a HIGH signal on the Chip Select (CS) input prevents

clocking and forces the Serial Input/Output (Sl/O) TRI-

STATE buffer into high impedance state.

Serial Load—data present onjhe Sl/O pin shifts into the

register on the falling edge of CP. Data enters the Qo posi

tion and shifts toward Q15 on successive clocks.

Shift Register Operations Table

Serial Output—the Sl/O TRI-STATE buffer is active and the

register contents are shifted out from Q15 and simulta

neously shifted back into Qo-

Parallel Load—data present on P0-P15 are entered into the

register on the falling edge of CP. The Sl/O TRI-STATE
buffer is active and represents the Q15 output

To prevent false clocking, CP must be LOW during a LOW-

to-HIGH transition of CS.

Control Inputs

CS

H

L

L

L

R/W

X

L

H

H

M

X

X

L

H

X

Sl/O

Status

HighZ

Data In

Data Out

Active

Operating Mode

Hold

Serial Load

Serial Output

with Recirculation

Parallel Load;

No Shifting

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

"X. = HIQH-to-LOW Transition

Block Diagram
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54F/74F675A

16-Bit Serial-ln, Serial/Parallel-Out Shift Register

General Description
The 'F675A contains a 16-bit serial in/serial out shift regis

ter and a 16-bit parallel out storage register. Separate serial

input and output pins are provided for expansion to longer

words. By means of a separate clock, the contents of the

shift register are transferred to the storage register. The

contents of the storage register can also be loaded back

into the shift register. A HIGH signal on the Chip Select

input prevents both shifting and parallel loading.

Features
■ Serial-to-parallel converter

■ 16-Bit serial I/O shift register

■ 16-Bit parallel out storage register

■ Recirculating parallel transfer

■ Expandable for longer words

■ Slim 24 lead package

■ 'F675A version prevents false clocking through CS or

R/W inputs

Ordering Code: see section 5

Logic Symbols Connection Diagrams

CS

SHCP

R/W

^Qq Qt Q2 03 Q4

SI

QsOeOyQaQaQuOnQiaQuQuOisSO

Pin Assignment

forDIP,SOIC

and Flatpak

1 1 1 1 1 1rr 1 1 1 1 11 1 11
TL/F/9587-1

IEEE/IEC

SHtf-

SRG16

f0 HOLD I
1 SHIFT RIGHT
2 SHIFT RIGHT

3 PARALLEL LOAD]

3,40

•±L

9Z10

—SO

CS-

SHCP-

R/W-

Sl-

STCP-

SO-

Q0~

0,-

Q2-

03-

04-

GND-

1

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

-Q15
-Q14

-Q13

-Q12

-Q11

-Q10

-Q9

-Qa

-Q7

Pfn Assignment

forLCCandPCC

Q2 Q, Qo NCSOSTCPSI

A12
—Q14

—Q15

Q8 Q9 010NC Q1t Q12Qt3
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Unit Loading/Fan OUt: See Section 2 for U.L definitions

Pin Names

SI

SHUp

STCP

R/W

so

Q0-Q15

Description

Serial Data Input

Chip Select Input (Active LOW)

Shift Clock Pulse Input (Active Falling Edge)

Store Clock Pulse Input (Active Rising Edge)

Read/Write Input

Serial Data Output

Parallel Data Outputs

54F/74F

U.L

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

50/33.3

Input Iih/Iil

Output Iqh/Iol

20 fjtA/-0.6 mA

20j*A/-0.6mA

20 fiA/-0.6 mA

20 fiA/ -0.6 mA

20jmA/-0.6mA

-1mA/20mA

-1 mA/20mA

Functional Description
The 16-Bit shift register operates in one of four modes, as

determined by the signals applied to the Chip Select (C§),
Read/Write (R/W) and Store Clock Pulse (STCP) input.

State changes are indicated by the falling edge of the Shift

Clock Pulse (SH£P). In the Shift Right mode, data enters Do

from the Serial Input (SI) pin and exits from Q15 via the

Serial Data Output (SO) pin. In the Parallel Load mode, data

from the storage register outputs enter the shift register and

serial shifting is inhibited.

The storage register is in the Hold mode when either C§ or
R/W is HIGH. With CS and R/W both LOW, the storage

register is parallel loaded from the shift register on the rising

edge of STCP.

To prevent false clocking of the shift register, SHCP should

be in the LOW state during a LOW-to-HIGH transition of CS.

To prevent false clocking of the storage register, STCP

should be LOW during a HIGH-to-LOW transition of CS if

R/W is LOW, and should_also be LOW during a HIGH-to-

LOW transition of R/W if CS is LOW.

Shift Register Operations Table

Control Inputs

CS R/W SHCP STCP

H X X X

L L ^ X

L H "X. L

L H "X. H

Operating

Mode

Hold

Shift Right

Shift Right

Parallel Load,

No Shifting

Storage Register Operations Table

Inputs

CS R/W STCP

H X X

L H X

L L S~

Operating

Mode

Hold

Hold

Parallel Load

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

-/- = LOW-to-HIGH Transition

~\_ = HIGH-to-LOW Transition

STCP

Q0-Q15
TL/F/9587-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ - a A. AmMan. T^mMra.,,M
Distributors for availability and specifications. R^Ambtart Temperature _^^ +^

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias —55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5VtoVCc
TRl-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have Its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

•bvi

IlL

los

•CEX

'CCH

ICCL

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 74F10%Vcc

74F 5% Vcc

Output LOW 54F10% Vcc

Voltage 74P10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

106 160

106 160

Units

V

V

V

V

V

fiA

mA

mA

tiA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N= -18 mA

'oh = -1 mA

Ioh — ~1 mA

'OH - -1 mA

IOL = 20 mA

lOL = 20mA

V|N = 2.7V

V,N = 7.0V

V|N = 0.5V

VouT = 0V

VoUT = VCC

V0 = HIGH

Vo = LOW
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpi_H

tpHL

Parameter

Maximum Clock Frequency

Propagation Delay

STCPtoQn

Propagation Delay

SHOP to SO

74F

TA= + 25°C

Vcc= +5.0V

CL = 50pF

MIn Typ Max

100 130

3.0 8.0 10.5

3.0 10.5 13.5

4.0 7.0 9.5

4.5 8.0 10.5

54F

CL=50pF

MIn Max

74F

Tai vcc = Com

CL = 50 pF

MIn Max

85

2.5 12.0

2.5 15.0

3.5 10.5

4.0 12.0

Units

MHz

ns

ns

FI9
No

2-1

2-3

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(D

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(U

th(H)

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(L)

th(H)

th(L)

WH)

Parameter

Setup Time, HIGH or LOW

CSorR/WtoSTCP

Hold Time, HIGH or LOW

C§orR/WtoSTCP

Setup Time, HIGH or LOW

SltoSHCP

Hold Time, HIGH or LOW

SltoSRCP

Setup Time, HIGH or LOW

R/Wto§HCP

Hold Time, HIGH or LOW

R/WtoSRCP

Setup Time, HIGH or LOW

STCPtoSHCP

Hold Time, HIGH or LOW

STCPtoSHCP

Setup Time, HIGH or LOW

Hold Time, HIGH or LOW

CStoSHCP

§HUP Pulse Width

HIGH or LOW

STCP Pulse Width

HIGH or LOW

74F

TA= +25°C

VCc= +5.0V

MIn Max

3.5

5.5

0

0

3.0

3.0

3.0

3.0

6.5

9.0

0

0

7.0

7.0

0

0

3.0

3.0

3.0

3.0

5.0

5.0

6.0

5.0

54F

Ta,VCc = MII

MIn Max

74F

TA,Vcc = Com

MIn Max

4.0

6.5

0

0

COCO oienCOCO 01en
7.5

10.0

0

0

8.0

8.0

0

0

6.0

6.0

7.0

6.0

Units

ns

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-6

2-6

2-6

2-4

1
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54F/74F676

16-Bit Serial/Parallel-ln, Serial-Out Shift Register

General Description
The 'F676 contains 16 flip-flops with provision for synchro

nous parallel or serial entry and serial output When the

Mode (M) input is HIGH, information present on the parallel

data (P0-P15) inputs is entered on the falling edge of the

Clock Pulse (€P) input signal. When M is LOW, data is shift

ed out of the most significant bit position while information

present on the Serial (SI) input shifts into the least signifi

cant bit position. A HIGH signal on the Chip Select (CS)

input prevents both parallel and serial operations.

Features
■ 16-bit parallel-to-serial conversion

■ 16-bit serial-in, serial-out

■ Chip select control

■ Slim 24 lead 300 mil package

Ordering Code: see section 5

Logic Symbols

I I I I I I I I I I I I I I I I

-0

-0

—

—

cs ■

CP

SI

M

Jo Pi P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12P13P14P15

SO

Connection Diagrams

Pin Assignment

for DIP, SOIC and Flatpak

M—

Po

P2

P3

P8

P10~""

P13—
P14

Pis-
si—

IEEE/IEC

.}„, «.

ft L C3/1 —

2. 3D

2.3D

1.3D

CS-

CP-

NC-

Sl—

M-

SO-

PQ-

Pt-

P2-

P3~

P4-
GND-

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

-Pi,

-Pi-

Pin Assignment

forLCCandPCC

?2 Pt P0 NC SO M SI

Q3 Esl GQ HI EJ EJ (U

— SO

P12P1
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

P0-P15
5§

CP

M

SI

SO

Description

Parallel Data Inputs

Chip Select Input (Active LOW)

Clock Pulse Input (Active LOW)

Mode Select Input

Serial Data Input

Serial Output

54F/74F

U.L

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

Input Iih/'il

Output Ioh/Iol

20/iA/-0.6 mA

20fi,A/-0.6mA

20j^A/-0.6mA

20 juA/-0.6 mA

20ftA/-0.6mA

-1mA/20mA

Functional Description
The 16-bit shift register operates in one of three modes, as

indicated in the Shift Register Operations Table.

HOLD—a HIGH signal on the Chip Select (CS) input pre

vents clocking, and data is stored in the sixteen registers.

Shift/Serial Load—data present onjhe SI pin shifts into

the register on the falling edge of CP. Data enters the Qo

position and shifts toward Q15 on successive clocks, finally

appearing on the SO pin.

Parallel Load—data present on P0-P15 are entered into

the register on the falling edge of CP. The SO output repre

sents the Q15 register output.

To prevent false clocking, CP must be LOW during a LOW-

to-HIGH transition of €S.

Block Diagram

Shift Register Operations Table

Control Input

CS M CP

H X X

L L -\_

L H ^\_

Operating Mode

Hold

Shift/Serial Load

Parallel Load

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

"X. = HIQH-to-LOW Transition

P0-P15

TL/F/8588-5
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c^AirAmw^T^^^^
Dlstrlbutorsforavallabliltyandspeclflcatlons. F^Amb^T.mp«a». _^^^^

Storage Temperature -65°Cto + 150°C Commercial 0°Cto+70°C

Ambient Temperature under Bias -55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial +4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to +7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCC = 0V)

Standard Output -0.5V to Vcc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOL (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

llH

•bvi

IlL

los

ICEX

ice

Paramoter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% Vcc

Voltage 74F10%Vcc

74F5%VCc

Output LOW 54F 10% Vcc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.5

2.7

0.5

0.5

20

100

-0.6

-60 -150

250

52

Units

V

V

V

V

V

,iA

mA

mA

,iA

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N= -18 mA

IIIIII IIIill
IOL = 20 mA

Iol = 20 mA

V,N = 2.7V

Vin = 7.0V

V|N = 0.5V

Vqut = 0V

VOUT = Vcc
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tPLH

tpHL

Parameter

Maximum Clock Frequency

Propagation Delay

UP to SO

74F

TA = +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

100 110

4.5 9.0 11.0

5.0 9.0 12.5

54F

CL = 50pF

Min Max

45

4.5 17.0

5.0 14.5

74F

CL = 50 pF

Mln Max

90

4.5 12.0

5.0 13.5

Units

MHz

ns

Fig

No

2-1

2-3

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(D

ts(H)

t8(L)

th(H)

th(U

t8(H)

th(H)

th(L)

t8(L)

th(H)

tw(H)

tw(U

Parameter

Setup Time, HIGH or LOW

SI to UP

Hold Time, HIGH or LOW

SI to UP

Setup Time, HIGH or LOW

PntoUP

Hold Time, HIGH or LOW

PntoUP

Setup Time, HIGH or LOW

MtoUP

Hold Time, HIGH or LOW

MtoUP

Setup Time, LOW

US to UP

Hold Time, HIGH

US to UP

UP Pulse Width

HIGH or LOW

74F

TA= +25°C

VCc = +5.0V

Mln Max

4.0

4.0

4.0

4.0

3.0

3.0

4.0

4.0

8.0

8.0

10.0

10.0

4.0

6.0

54F

TA,Vcc = M..

Min Max

4.0

4.0

4.0

4.0

3.0

3.0

4.0

4.0

8.0

8.0

2.0

2.0

12.0

10.0

5.0

9.0

74F

TA,Vcc = Com

Mln Max

4.0

4.0

4.0

4.0

3.0

3.0

4.0

4.0

8.0

8.0

2.0

2.0

10.0

10.0

4.0

6.0

Units

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-6

2-6

2-4
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54F/74F701

Register, Counter, Comparator

ADVANCED INFORMATION

General Description
The 'F701 is a high speed 8-bit expandable

ter/counter/comparator. It is capable of synchronous load

ing of the counter and/or register as well as an up/down

counting facility. The device incorporates an 8-bit bidirec

tional data bus which is used to input data to the register or

counter. The data bus is also used to output the values held

in the register and counter. Internal data paths allow the

value held in the register to be transferred to the counter or

the values to be transferred from the counter to the register.

The outputs of the counter and the register are compared in

an "A=B" comparator.

Features
■ 8-bit counter/register/comparator

■ Synchronous parallel loading and counting

■ Look ahead carry capability for easy cascading

■ TRI-STATE® output for bus organized systems

■ Multi data path routing

■ 80 MHz count frequency

■ Fully expandable for 16, 24, 32, etc., bit systems

Logic Symbol Connection Diagram

LE-

0E-

CLOCK-

CET-

CLRC-

SEL-

D0 D1 D2 D3 D4 D5 D6 Dj

I I I I I I I I

I
<>a=b

•TC

-CLRR

Pin Assignment for DIP,

SOICandFlatpak
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16

15

14
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Functional Block Diagram

SEL
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CLRC

CET
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REGISTER COUNTER
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54F/74F702

Read-Back Transceiver

General Description
The 'F702 is a byte wide readback transceiver with bidirec

tional controls. It is a buffered transceiver that features

readback capabilities allowing previously latched data to be

read back to the originating bus. These extra pathways are

controlled with separate enables in order to allow indepen

dent operation of each side of the transceiver.

The Read-Back Transceiver can be used as a buffered in

terface between two busses. Data can be transmitted from

A to B and temporarily stored in the B latch. Later, the data

in the B latch can be accessed by the A bus in order to

verify that the correct data is held by the B latch.

ADVANCED INFORMATION

Bus integrity can be verified using the "F702. Data from A is

stored in the B latch. Later, the data is fed back to the A bus

and compared to a matching word in the system. If the

match is good, then the A bus is maintaining the correct

state. The B bus can also be checked in the same manner.

Features
■ Bi-directional control

■ Allows feedback from latches to original data bus

■ Allows independent operation of each side of the

transceiver

■ 300 Mil 24-pin slimline DIP

Logic Symbol Connection Diagram

—

—

-0

-0

-c

-0

SELAB A

SELBA

OEA

OEB

LEA

LEB B

0 Ai A2 A3

0 B, B2 B,

A4 A5 Ag Ay

, B4 B5 B6 Bj

Pin Assignment

forDIP.SOICandFlatpak

TTI II I I I

SELBA-

Ao-

A1"

A2-

A3-
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A4-
As-
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OEA-
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4
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6

7

8

9

10
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24
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17
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15

14
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-GROUND

-SELAB

TL/F/8590-2
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Functional Block
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54F/74F707

400 MHz 8-Bit TTL-ECL Register

ADVANCED INFORMATION

General Description
The 'F707 TTL-ECL Shift Register is comprised of an 8-bit

transparent holding register with TTL inputs for data and

load enable which is translated internally to ECL levels. The

holding register is the loading stage for the 8-bit shift regis

ter. The shift register is a single direction, two output shift

register with a cascade input that is functional during serial

shift operations.

The shift register also features a modejnput (MODE) and

differential ECL clock inputs (SC and SC) for synchronous

shifting and loading of data, both of which are done on the

rising edge of the clock. The mode input is provided for

selection of shifting or loading of data. Two outputs are

available, one for every fourth bit of the shift register. Paral

lel loading will take place at speeds up to 100 MHz. Shifting

will take place at speeds up to 400 MHz. The 'F707 was

designed for high speed TTL-ECL translation applications in

high resolution color graphics, instrumentation, and commu

nication systems.

Features
400 MHz shift speed

100 MHz parallel load speed

TTL parallel inputs

ECL serial input

10K and 10KH ECL compatible

Transparent data holding register

Available in 20-lead DIP

Applications
High resolution color graphics

CAE/CAD/CAM applications

Radar Processing

Instrumentation

Functional Block Diagram Connection Diagram

MODE-

SC-

sc-

TTL-ECL

Pin Assignment

for DIP
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TTLGND-
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12

11
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-MODE

-ECLGND

-SC (ECLCP)

-SC

-03
-0UT6ND

-Q7
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'F707 Logic Diagram
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ADVANCED INFORMATION

54F/74F710

400 MHz Single Supply TTL-ECL Shift Register

General Description
The 'F710 Shift Register is comprised of an 8-bit transpar

ent holding register with TTL inputs for data and load enable

which is translated internally to ECL levels. The holding reg

ister is the loading stage for the 8-bit shift register. The shift

register is a single direction, two output shift register with a

cascade input that is functional during serial shift opera

tions.

The shift register also features a mode input (MODE) and

differential ECL clock inputs (SC and §C) for synchronous

shifting and loading of data, both of which are done on the

rising edge of the clock. The mode input is provided for

selection of shifting or loading of data. Two outputs are

available, one for every fourth bit of the shift register. Paral

lel loading will take place at speeds up to 100 MHz. Shifting

will take place at speeds up to 400 MHz. The 'F710 was

designed to be used in systems where both TTL and ECL

logic are operating from a common voltage supply.

The 'F710 can be used in applications of high speed

TTL-ECL translation such as high resolution color graphics,

instrumentation, and communication systems.

Features
400 MHz shift speed

100 MHz parallel load speed

TTL parallel inputs

ECL serial input

10K and 10KH ECL compatible (referenced to Vcc)

Transparent data holding register

Available in 20-lead DIP

Applications
High resolution color graphics

CAE/CAD/CAM applications

Radar Processing

Instrumentation

Functional Block Diagram Connection Diagram

MODE'

SC-

sc-

TTL-ECl

Pin Assignment

for DIP

-03
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'F710 Logic Diagram
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ADVANCED INFORMATION

54F/74F779

8-Bit Bidirectional Binary Counter

with TRI-STATE® Outputs

General Description
The 'F779 is a fully synchronous 8-stage up/down counter

with multiplexed TRI-STATE I/O ports for bus-oriented ap

plications. All control functions (hold, count up, count down,

synchronous load) are controlled by two mode pins (So, Si).

The device also features carry lookahead for easy cascad

ing. All state changes are initiated by the rising edge of the

dock.

Features
■ Multiplexed TRI-STATE I/O ports

■ Built-in lookahead carry capability

■ Count frequency 100 MHz typ

■ Supply current 80 mA typ

Logic Symbols

I I

-OCET

CP

-O0E

I I I I I I I I
TL/F/9593-1

IEEE/IEC

CET-

CP-

0) 6 V

(2)

(4)

(8)

(16)

(32)

(64)

(128)

4,5.6. a=256
4.5,6,CT = 0

►I/O,

^—►I/O5

►i/o6

Connection Diagrams

Pin Assignment

forDIP.SOICandFlatpak

Pin Assignment

for LCC and PCC

I/Ot-

i/o2-

l/03-

GND-

I/O4-

I/O5-

i/o6-

i/o7-

V,

2

3

4

5

6

7

8
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14

13
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11
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9

-i/oo

-CP
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-TC

~S0

EH QH EH Ez

1/07 6e nc st
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Logic Diagram

DETAIL A
CLK

DETAIL A
CLK UD

DETAIL A
CLK UD

H-04
4_EL_

A5JI

-06

TC

TL/F/9593-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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54F/74F821

10-Bit D-Type Flip-Flop

General Description
The 'F821 is a 10-bit D-type flip-flop with TRI-STATE® true

outputs arranged in a broadside pinout. The 'F821 is func

tionally and pin compatible with the AMD's Am29821.

Features
■ TRI-STATE Outputs

■ Direct replacement for AMD's Am29821

Ordering Code: see section 5

Logic Symbols

I I I I I I I I I I

Connection Diagrams

Pin Assignment

forDIP,SOICandFlatpak

Do

OE

CP

o0

Of D2

0^ o2

D3 D4 D5 [

O3 O4 05 0

6 D7 D

6 °7 0

8 I>9

8o9

{((III II I I
TL/F/959S-1

IEEE/IEC

ol-

D,-

D2-

D4-

0E

CP

Dt —

D2—

D3—

D4-

EN

ID —Oo

—O2

—03

—o4

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

Pin Assignment

forLCCandPCC

D7D6D5NCD4D3D2

ED OH El GO E] E] lH

-c-i

-03
-04

-09
-CP

TL/F/9585-2

GNDiQ]

NCOS

070605NC040302

TLyF/9595-3

—0?

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

D0-D9

OE

CP

O0-O9

Description

Data Inputs

Output Enable

TRI-STATE Input

Clock Input

TRI-STATE Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input I|H/Iil

Output Ioh/'ol

20 jiA/ -0.6 mA

20 fiA/ -0.6 mA

20 fiA/-0.6 mA

-3.0 mA/24mA (20 mA)
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Functional Description
The 'F821 consists of ten D-type edge-triggered flip-flops.

This device has TRI-STATE true outputs for bus systems

organized in a broadside pinning. The buffered Clock (CP)

and buffered Output Enable (dl) are common to ail flip-
flops. The flip-flops will store the state of their individual D

inputs that meet the setup and hold times requirements on

the LOW-to-HIGH CP transition. With the GE LOW the con

tent of the flip-flops are available at the outputs. When the

SE is HIGH, the outputs go to the high impedance state.
Operation of the 01 input does not affect the state of the
flip-flops.

Function Table

Inputs

OE CP D

H H X

H L X

H S- L

H _/" H

L _/~ L

L _/" H

L H X

L L X

Internal

S

NC

NC

H

L

H

L

NC

NC

Output

O

z

z

z

z

L

H

NC

NC

Function

Hold

Hold

Load

Load

Data Available

Data Available

No Change in Data

No Change in Data

L = LOW Voltage Level

H = HIGH Voltage Level

X = Immaterial

Z = High Impedance

-/" = LOW-to-HIQH Transition

NC = No Change

Logic Diagram

D4 D5 D6 Dy Dg Dg

D L n L n I Ln Ln Ln Ln

oo ot o2 63 o4 65 o6 07

TL/F/9595-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ e.-»- m. a mu:~._* t~.~».mm*..m

DtetHbutor, for avaHabHity and specM.cat.ons. "Siy**"1 ^ -55'Cto + i«rc
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Arfibient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to 4- 5.5V

VCC Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

VOH

V0L

I|H

•bvi

IlL

•OZH

IOZL

los

'CEX

Iccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% Vqc

Voltage 54F10%Vcc

74F10%VCc

74F10%VCc

74F 5% Vqc

74F5%VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

78 100

Units

V

V

V

V

V

txA

JLiA

mA

^A

^A

mA

,*A

mA

vCc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N= -18 mA

Ioh = -1 mA

Ioh = -3 mA

Ioh = -1 mA

Ioh = -3 mA

Ioh = -1 mA

Ioh = ~3 mA

Iol = 20 mA

Iol = 24 mA

V|N = 2.7V

V|N = 7.0V

V|N = 0.5V

Vqut = 2.7V

Vqut = 0.5V

VouT = 0V

VOUT = VCC

V0 = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpi_H

tpHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Maximum Clock Frequency

Propagation Delay

CPtoOn

Output Enable Time

OEtoOn

Output Disable Time

UEtoOn

74F

TA= + 25°C

VCc= +5.0V

CL = 50 pF

Mln Typ Max

100 150

2.0 6.4 9.5

2.0 6.2 9.5

2.0 5.8 10.5

2.0 6.3 10.5

1.5 3.4 7.0

1.5 3.5 7.0

54F

TA,Vcc = MII

CL = 50pF

Mln Max

60

2.0 10.5

2.0 10.5

2.0 13.0

2.0 13.0

1.0 7.5

1.0 7.5

74F

Ta» VCc = Com

CL = 50pF

Mln Max

70

2.0 10.5

2.0 10.5

2.0 11.5

2.0 11.5

1.5 7.5

1.5 7.5

Units

ns

ns

ns

Fig

No

2-1

2-3

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

tw(H)

tw(L)

Parameter

Setup Time, HIGH or LOW

DntoCP

Hold Time, HIGH or LOW

DntoCP

CP Pulse Width

HIGH or LOW

74F

TA = +25°C

VCc = +5.0V

Mln Max

2.5

2.5

2.5

2.5

5.0

5.0

54F

TA,Vcc = MII

Mln Max

4.0

4.0

2.5

2.5

6.0

6.0

74F

TA,VCc = Com

Mln Max

3.0

3.0

2.5

2.5

6.0

6.0

Units

ns

ns

Fig

No

2-6

2-4
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54F/74F823

9-Bit D-Type Flip-Flop

General Description
The 'F823 is a 9-bit buffered register. It features Clock En

able and Clear which are ideal for parity bus interfacing in

high performance microprogramming systems.

The T823 is functionally and pin compatible with AMD's

Am29823.

Features
■ TRI-STATE® outputs

■ Clock Enable and Clear

■ Direct replacement for AMD's Am29823

Ordering Code: see section 5

Logic Symbols

1 1 1 1 1 1 1 1 1

Connection Diagrams

Op Q| 02 03 04 03 Qe 07

I I

02

I

Pin Assignment for

DIP.SOICandFlatpak

Pin Assignment

forLCCandPCC

I I ! I I I
TL/F/9598-2

IEEE/IEC

05—

07—

•1C2

0E-

°0~
D,-

°2~

D3"
04-

D5-

D6-

°7"

ba-

OR-

GND-

1

2

S

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

-oo

-0,

-02

-03

-04

"O7

-Ob

—02

—Oj

—04

—o5

—°e
—07

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

Do-De

Dl

SCR

CP

m

O0-O8

Description

Data Inputs

Output Enable Input

Clear

Clock Input

Clock Enable

TRI-STATE Outputs

54F/74F

U.L

HIQH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/2.0

1.0/1.0

150/40(33.3)

Input I,h/Iil

Output Ioh/Iol

20 fiA/-0.6 mA

20 fiA/ -0.6 mA

20 fiA/-0.6 mA

20 fiA/- 1.2 mA

20ji,A/-0.6mA

-3mA/24mA(20mA)
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Functional Description
The fF823 device consists of nine D-type edge-triggered

flip-flops. It has TRI-STATE true outputs and is organized in

broadside pinning^The buffered Clock (CP) and buffered

Output Enable (OE) are common to all flip-flops. The flip-

flops will store the state of their individual D inputs that meet

the setup and hold timesjrequirements on the LOW-to-HIGH

CP transition. With the OE LOW the contents of the flip-

flops are available at the outputs. When the O£ is HIGH, the

outputs go to the high impedance state. Operation of the

OE input does not affect the state of the flip-flops. In addi

tion to the Clock and Output Enable pins, the 'F823 has

Clear (CLR) and Clock Enable (EN) pins.

When the GCRis LOW and the OE is LOW, the outputs are

LOW. When CLR is HIGH, data can be entered into the flip-

flops. When EN is LOW, data on the inputs is transferred to

the outputs on the LOW to HIGH clock transition. When the

EN is HIGH, the outputs do not change state regardless of

the data or clock inputs transitions. This device is ideal for

parity bus interfacing in high performance systems.

Function Table

OE

H

H

H

L

H

L

H

H

L

L

L

L

CLR

H

H

H

H

L

L

H

H

H

H

H

H

Inputs

IN

L

L

H

H

X

X

L

L

L

L

L

L

CP

H

L

X

X

X

X

_/-

_y-

_/-

_y

H

L

D

X

X

X

X

X

X

H

H

L

H

X

X

Internal

Q

NC

NC

NC

NC

H

H

H

L

H

L

NC

NC

Output

0

Z

z

z

NC

z

L

Z

z

L

H

NC

NC

Function

Hold

Hold

Hold

Hold

Clear

Clear

Load

Load

Data Available

Data Available

No Change in Data

No Change in Data

L = LOW Voltage Level

H = HIGH Voltage Level

X = Immaterial

Z - High Impedance

-/- = LOW-to-HIGH Transition

NC = No Change

Logic Diagram

00 0t 02 03 04 0s 06 O7 08

TL/F/95B8-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ -„ Alr AmMgm* Tt>mruakrahl~
Distributors for availability and specifications. Military Temperature ^^^^
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias -55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial +4.5V to + 5.5V

Ground Pin -0.5V to +7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with Vcc = 0V)

Standard Output -0.5V to Vcc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated Iol (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

llH

'bvi

IlL

•OZH

•OZL

los

ICEX

Izz

Iccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

54F10%VCc

54F10%VCc

Output HIGH 74F10% Vcc

Voltage 74F10%Vcc

74F5%Vcc

74F5%Vcc

Output LOW 54F10% Vcc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW

Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Buss Drainage Test

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

-1.2

50

-50

-60 -150

250

500

75 100

Units

V

V

V

V

V

/*A

,iA

mA

mA

^A

jtA

mA

jtA

IxA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N= -18 mA

lOH = -1 mA

•OH = ~3 mA

IOH = -1 mA

Ioh = -3 mA

Ioh = -1 mA

IOh= -3 mA

Iol = 20 mA

Iol = 24 mA

V|N = 2.7V

V|N = 7.0V

V,N = 0.5V(OE,CLR,EN)

V|N = 0.5V(CP)

Vout = 2.7V

VOUT = 0.5V

VouT = 0V

VOUT = Vcc

Vout = Vcc

V0 = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Maximum Clock Frequency

Propagation Delay

CPtoOn

Propagation Delay

CLRtoOn

Output Enable Time

OEtoOn

Output Disable Time

OEtoOn

74F

TA= +25°C

VCc = +5.0V

CL = 50 pF

Min Typ Max

100 160

2.0 5.6 9.5

2.0 5.2 9.5

4.0 7.1 12.0

2.0 5.8 10.5

2.0 5.5 10.5

1.5 2.9 7.0

1.5 2.7 7.0

54F

TA,Vcc = MII

CL = 50 pF

Min Max

60

2.0 10.5

2.0 10.5

4.0 13.0

2.0 13.0

2.0 13.0

1.0 7.5

1.0 7.5

74F

TA,VCC = Com

CL = 50pF

Min Max

70

2.0 10.5

2.0 10.5

4.0 13.0

2.0 11.5

2.0 11.5

1.5 7.5

1.5 7.5

Units

MHz

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(D

ts(H)

ts(L)

th(H)

th(D

tw(H)

tw(L)

tw(L)

W

Parameter

Setup Time, HIGH or LOW

Dn to CP

Hold Time, HIGH or LOW

DntoCP

Setup Time, HIGH or LOW

ENtoCP

Hold Time, HIGH or LOW

ENtoCP

CP Pulse Width

HIGH or LOW

CLR Pulse Width, LOW

CLR Recovery Time

74F

TA= +25°C

VCc = +5.0V

Min Max

2.5

2.5

2.5

2.5

4.5

2.5

2.0

0

5.0

5.0

5.0

5.0

54F

Ta,vcc = mii

Min Max

4.0

4.0

2.5

2.5

5.0

3.0

3.0

1.0

6.0

6.0

5.0

5.0

74F

Ta. VCc = Com

Min Max

3.0

3.0

2.5

2.5

5.0

3.0

2.0

0

6.0

6.0

5.0

5.0

Units

ns

ns

ns

ns

ns

Rg
No

2-6

2-6

2-4

2-4

2-6
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National

Semiconductor

54F/74F825

8-Bit D-Type Flip-Flop

General Description
The 'F825 is an 8-bit buffered register. It has Clock Enable

and Clear features which are ideal for parity bus interfacing

in high performance microprogramming systems. Also in

cluded in the 'F825 are multiple enables that allow multi

user control of the interface.

The 'F825 is functionally and pin compatible with AMD's

Am29825.

Features
■ TRI-STATE® output

■ Clock enable and clear

■ Multiple output enables

■ Direct replacement for AMD's Am24825

Ordering Code: see section 5

Logic Symbols Connection Diagrams

-0

-0

-0

—

-0

OE,

0E2

OEj

CLR

CP

EN

1 1 1 1 1 1
Dq Dj D2 D3 D4 D

Oq °1 ^2 O3 O4 0

1 1
S °6 °7

Pin Assignment

forDIP,SOICandFlatpak

II I II I M
TL/F/9597-1

IEEE/IEC

5"
OEj-

6E3-

CLR-

EN-

CP-

D2-

D3-

O4-
D5-

D7—

R

61

>1C2

2D

OE,-

D0~

Oi-

D2-

D3-

D4-

D5~

o6-

ClR-

GND-

1

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

-vcc
-0-E3

-o2

-04

-05

-O7
-EN

-CP

Pin Assignment

for LCC and PCC

D6D5D4NCD3D2D1

ED M [E [H13 HI GO

06 05 04 NC 03 02 0,

TL/F/8S87-3

—°o
—o,

—02

—03

—04

—05

—07

TL/F/8597-4

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

D0-D7

O0-O7

OE1.OE2.OE3

EN

CLR

CP

Description

Data Inputs

TRI-STATE Data Outputs

Output Enable Input

Clock Enable

Clear

Clock Input

54F/74F

U.L

HIGH/LOW

1.0/1.0

150/40(33.3)

1.0/1.0

1.0/1.0

1.0/1.0

1.0/2.0

Input I|H/I|L

Output Ioh/Iol

20fiA/-0.6mA

-3mA/24mA(20mA)

20 fiA/- 0.6 mA

20|*A/-0.6mA

20 julA/—0.6 mA

20 jliA/- 1.2 mA
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Functional Description
The 'F825 consists of eight D-type edge-triggered flip-flops.

This device has TRI-STATE true outputs and is organized in

broadside pinning. In addition to the clock and output en

able pins, the buffered clock (CP) and buffered Output En

able (OE) are common to all flip-flops. The flip-flops will

store the state of their individual D inputs that meet the

setup and hold timesrequirements on the LOW-to-HIGH CP

transition. With the OE LOW the contents of the flip-flops

are available at the outputs. When the ©E is HIGH, the out

puts go to the high impedance state. Operation of the OE

input does not affect the state of thejlip-flops. The 'F825

has Clear (CLR) and Clock Enable (EN) pins.

When the CLR is LOW and the OE is LOW the outputs are

LOW. When OCR is HIGH, data can be entered into the flip-

flops. When iff is LOW, data on the inputs is transferred to

the outputs on the LOW-to-HIGH clock transition. When the

EN is HIGH the outputs do not change state, regardless of

the data or clock input transitions.

Function Table

OE

H

H

H

L

H

L

H

H

L

L

L

L

CLR

H

H

H

H

L

L

H

H

H

H

H

H

Inputs

EN

L

L

H

H

X

X

L

L

L

L

L

L

CP

H

L

X

X

X

X

_y-

_y-

_y-

_/-

H

L

D

X

X

X

X

X

X

L

H

L

H

X

X

Internal

Q

NC

NC

NC

NC

H

H

H

L

H

L

NC

NC

Output

0

Z

z

z

NC

z

L

Z

z

L

H

NC

NC

Function

Hold

Hold

Hold

Hold

Clear

Clear

Load

Load

Data Available

Data Available

No Change in Data

No Change in Data

L = LOW Voltage Level

H = HIGH Voltage Level

X = Immaterial

Z = High Impedance

y~ = LOW-to-HIGH Transition

NC = No Change

Logic Diagram

CP

TL/F/8597-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ -„ A. AmK!ari* t^^ow*
Distributors for availability and specifications. Fre^^rAmb.ent Temperature _55.CXo+^c

Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias -55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vqc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to -I-7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to Vcc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

llH

Ibvi

IlL

•OZH

IOZL

los

ICEX

Izz

'ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% Vcc

Voltage 54F10%Vcc

74F10%Vcc

74F10%Vcc

74F 5% Vcc

74F5%Vcc

Output LOW 54F10%Vcc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Buss Drainage Test

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

75 90

Units

V

V

V

V

V

jtA

pA

mA

,iA

fiA

mA

txA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

•in = -18 mA

Ioh = -1 mA

Ioh = "3 mA

Iqh = —1 mA

Ioh^ ~3mA

Ioh = -1 mA

Ioh = -3 mA

Iol = 20 mA

lOL = 24mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 2.7V

V0UT = 0.5V

V0UT = 0V

VOUT = Vcc

VOUT = Vcc

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

fmax

tpLH

tpHL

tpHL

tpZH

*PZL

tpHZ

tpLZ

Parameter

Maximum Clock Frequency

Propagation Delay

CPtoOn

Propagation Delay

CLRtoOn

Output Enable Time

OEtoOn

Output Disable Time

OEtoOn

74F

TA= +25°C

VCc= +5.0V

CL = 50pF

Mln Typ Max

100 160

2.0 6.5 9.5

2.0 6.6 9.5

4.0 7.4 12.0

2.0 6.5 10.5

2.0 6.6 10.5

1.5 3.5 7.0

1.5 3.3 7.0

54F

Ta,VCC = MII

CL = 50pF

Min Max

60

2.0 10.5

2.0 10.5

4.0 13.0

2.0 13.0

2.0 13.0

1.0 7.5

1.0 7.5

74F

Ta, VCc = Com

CL = 50 pF

Min Max

70

2.0 10.5

2.0 10.5

4.0 13.0

2.0 11.5

2.0 11.5

1.5 7.5

1.5 7.5

Units

MHz

ns

ns

ns

Fig

No

2-1

2-3

2-3

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

ts(H)

ts(D

th(H)

th(L)

tw(H)

tw(L)

tw(L)

tree

Parameter

Setup Time, HIGH or LOW

DntoCP

Hold Time, HIGH or LOW

DntoCP

Setup Time, HIGH or LOW

ENtoCP

Hold Time, HIGH or LOW

ENtoCP

CP Pulse Width

HIGH or LOW

CLR Pulse Width, LOW

CLR Recovery Time

74F

TA = +25°C

VCc = + 5.0V

Min Max

4.5

2.5

2.0

0

5.0

5.0

5.0

5.0

54F

Ta,vcc = mii

Min Max

4.0

4.0

5.0

3.0

3.0

2.0

6.0

6.0

5.0

5.0

74F

TA.Vcc^Com

Min Max

3.0

3.0

mmCMCM

5.0

3.0

1.0

0

6.0

6.0

5.0

5.0

Units

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-4

2-4

2-6
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National

Semiconductor

54F/74F827 • 54F/74F828

10-Bit Buffers/Line Drivers

General Description
The 'F827 and 'F828 10-bit bus buffers provide high per

formance bus interface buffering for wide data/address

paths or buses carrying parity. The 10-bit buffers have NOR

output enables for maximum control flexibility.

The T827 and 'F828 are functionally- and pin-compatible to

AMD's Am29827 and Am29828. The 'F828 is an inverting

version of the 'F827.

Features
■ TRI-STATE® output

■ "F828 is inverting

■ Direct replacement for AMD's Am29827 and Am29828

Ordering Code: see section 5

Connection Diagrams

Pin Assignment for

DIP,FlatpakandSOIC

•F827

OE,-

Do-

Dt-

D2-

D3-

D4-

D5~

D6-

D7~

Dg-

Dg-

GND-

V.

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

-o2

-04

-O7

-OEj

'F828

Dt-

D2-

D3-

D5-

GND-

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

-6,

-62

-63
-64

-o5

-09

-OE2

Pin Assignment

forLCCandPCC

'F827

Dy D6 D5 NC D4 D3 D2

in inn m ee no n]

TL/F/9588-2

TL/F/9598-1

'F828

D7 D6 D5 NC D4 D3 D2

D3 OH El El 13 El HI

juuuuum/

du gg (53 ^ nig gi

67o665nc64o362

H Dj

[H Do

CDNC

TL/F/9598-9

TL/F/9588-8
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Logic Symbols

IEEE/IEC

•F827

IP

if

t

—

Do Dt

OEi

0E2

°0 °1

■1 r

> 1V

'F827

OnUO

SI

"57

Oa
V9

TL/F/8J

I I

I I I I I I I I I I

IEEE/IEC

'F828

Do

I eni

IV

A
^
^

'F828

D0 D1 D2 D3 D4 D5 D6 Dj D8

-OOE,

-OOE2

°0 °1 °2 °3 °4 °5 °6 °7 °8 °9
0000000000
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Unit Loading/Fail Out: See Section 2 for U.L definitions

Pin Names

OE1fOE2

D0-D7

O0-O7

Description

Output Enable Input

Data Inputs

Data Outputs, TRI-STATE

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

600/106.6(80)

Input I|H/Iil

Output Ioh/'ol

20jutA/-0.6mA

20 juiA/-0.6 mA

-12mA/64mA(48mA)

Functional Description
The 'F827 and 'F828 are line drivers designed to be em

ployed as memory address drivers, clock drivers and bus-
oriented transmitters/receivers which provide improved PC

board density. The devices have TRI-STATE outputs con

trolled by the Output Enable (OE) pins. The outputs can sink

64 mA (48 mA mil) and source 15 mA. Input clamp diodes

limit high-speed termination effects.

Function Table

Inputs

Of Dn

L H

L L

H X

Outputs

On

T827

H

L

Z

'F828

L

H

Z

Function

Transparent

Transparent

HighZ

H = HIGH Voltage level

L = LOW Voltage Level

Z = High Impedance

X = Immaterial

Logic Diagrams

D9 D8

•F827

D4 Dj

-V -Vr-V

L
rV

o9 o8 o7 o6 o5 o4 o3 o2 o1 oo

TL/F/9588-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

'F828

ft 2?i
0E2

o9 68 Oy o6 65 o4 o3 o2 ot o0

TL/F/9588-11

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ - ...^ .- ««♦ «
DteWbutors«orava,.abm^and»pecHlc«on». Free^Amb-en. Temperature ^+^

Storage Temperature -65°Cto +150°C Commercial 0°Cto+70°C

Ambient Temperature under Bias -55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

Vqc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5VtoVcc
TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

llH

•bvi

IlL

'OZH

IOZL

los

ICEX

Izz

ICCH

ICCL

Iccz

ICCH

'CCL

Iccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% Vcc

Voltage 54F10%Vcc

74F10%Vcc

74F10%Vcc

74F5%VCc

74F5%Vcc

Output LOW 54F 10% Vcc

Voltage 74F10%Vcc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current fF827)

Power Supply Current ('F827)

Power Supply Current ('F827)

Power Supply Current (*F828)

Power Supply Current (*F828)

Power Supply Current ('F828)

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.4

2.0

2.4

2.0

2.7

2.0

0.55

0.55

20

100

-0.6

50

-50

-100 -225

240

500

30 45

60 90

40 60

14 20

56 85

35 50

Units

V

V

V

V

V

,*A

,*A

mA

tiA

liA

mA

tiA

HA

mA

mA

mA

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N= -18 mA

•oh = -3 mA

IOh= -12 mA

'OH = —3 niA

Ioh = -12 mA

IOh= -3 mA

IOh= -15 mA

Iol = 48 mA

Iol = 64 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V

Vout = 2.7\/

VOUT = 0.5V

VouT = 0V

VOUT = Vcc

VOUT = VCC

Vo = HIGH

Vo = LOW

Vo = HIGH Z

Vo = HIGH

Vo = LOW

Vo = HIGH Z

§

4-583



8
AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol Parameter

74F

TA= +25°C

VCc = +5.0V

CL = 50 pF

Typ Max

54F

TA,VCC=Mil

CL = 50 pF

Mln Max

74F

TA, VCc = Com

CL=50pF
Units

Fig

No

Mln Max

tpLH

tpHL

Propagation Delay

Data to Output CF827)

1.0

1.5

3.0

3.3

5.5

5.5

1.0

1.5

7.5

7.0

1.0

1.5

6.5

6.0
ns 2-3

tpi_H

tpHL

Propagation Delay

Data to Output ('F828)

1.0

1.0

3.0

2.0

5.0

4.0

1.0

1.0

6.5

5.0

1.0

1.0

5.5

4.0
ns 2-3

tpZH Output Enable Time

OEtoOn

3.0

3.5

5.7

6.8

9.0

11.5

2.5

3.0

10.0

12.5

2.5

3.0

9.5

12.0
ns 2-5

tPHZ

tpi_Z

Output Disable Time

OEtoOn

1.5

1.0

3.3

3.5

8.0

8.0

1.5

1.0

9.0

9.0

1.5

1.0

8.5

8.5
ns 2-5
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National
Semiconductor

54F/74F841

10-Bit Transparent Latch

General Description
The "F841 bus interface latch is designed to eliminate the

extra packages required to buffer existing latches and pro

vide extra data width for wider address/data paths or buses

carrying parity. The 'F841 is a 10-bit transparent latch, a 10-

bit version of the 'F373.

The 'F841 is functionally and pin compatible to AMD's

Am29841.

2

Features
■ TRI-STATE® output

■ Direct replacement for AMD's Am29841

Ordering Code: see section 5

Logic Symbols

I I I I I I I I I I
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

D0-D9

O0-O9

Ul

LE

Description

Data Inputs

TRI-STATE Outputs

Output Enable Input

Latch Enable

54F/74F

U.L

HIGH/LOW

1.0/1.0

150/40(33.3)

1.0/1.0

1.0/1.0

Input Iih/Iil

Output Ioh/Iol

20jmA/-0.6mA

-3mA/24mA(20mA)

20 fiA/-0.6 mA

20 fiA/-0.6 mA

4-585



Functional Description
The 'F841 device consists of ten D-type latches with

TRI-STATE outputs. The flip-flops appear transparent to the

data when Latch Enable (LE) is HIGH. This allows asyn

chronous operation, as the output transition follows the data

in transition.

On the LE HIGH-to-LOW transition, the data that meets the

setup and hold time is latched. Data appears on the bus

when the Output Enable (OE) is LOW. When OE is HIGH

the bus output is in the high impedance state.

Function Table

OE

X

H

H

H

L

L

L

L

L

L

H

H

Inputs

LE

X

H

H

L

H

H

L

X

X

X

L

L

D

X

L

H

X

L

H

X

X

X

X

X

X
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X

L

H
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L

H

NC

H

L

H

L

H

Output

0

z

z

z

z

L

H

NC

H

L

H

Z

Z

Function■ Ul IvllWI 1

HighZ

HighZ

HighZ

Latched

Transparent

Transparent

Latched

Preset

Clear

Preset

Latched

Latched

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = HIGH Impedance

NC = No Change

D8 D9

Ln Lrj L n Ln Ln Ln Ln Ln L

05 06 07 08 09

TL/F/9599-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ c_ A5r A«»w««#T«m«««i#.,r«

Distributors for availability and specifications. Military Temperature _55.c tQ + 12KJ
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

VOL

I|H

■bvi

IlL

•OZH

IOZL

los

•CEX

izz

'ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH Voltage 54F10% VCc

54F10%VCc

74F10%VCc

74F10%VCc

74F 5% VCc

74F 5% VCc

Output LOW 54F10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

69 92

Units

V

V

V

V

V

fiA

pA

mA

,iA

pA

mA

,xA

pA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

llN = -18 mA

IOh= -1mA

IOh= -3 mA

IOh= -1mA

Ioh = -3 mA

Ioh = -1 mA

•oh = -3 mA

Iql = 20 mA

Iol = 24 mA

V,N = 2.7V

V|N = 7.0V

V|N = 0.5V

V0UT = 2.7V

V0UT = 0.5V

V0UT = 0V

VoUT = Vcc

VOUT = VCC

Vo = HIGH Z
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s AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpLH

tpHL

tpLH

tpHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Propagation Delay

Dnto On

Propagation Delay

LEtoOn

Output Enable Time

QI to On

Output Disable Time

01 to On

74F

TA= +2S°C

VCC = +5.0V

CL = 50pF

MIn Typ Max

2.5 8.0

1.5 6.5

5.0 12.0

2.0 7.5

2.5 8.5

2.5 9.0

1.0 6.5

1.0 6.5

54F

TA,Vcc = MII

CL = 50pF

MIn Max

74F

Tai Vcc = Com

CL = 50pF

MIn Max

2.0 9.0

1.5 7.0

4.5 13.5

2.0 8.0

2.0 9.5

2.0 10.0

1.0 7.5

1.0 7.5

Unite

ns

ns

ns

Fig

No

2-3

2-3

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ta(L)

th(H)

th(L)

tw(H)

Parameter

Setup Time, HIGH or LOW

DntoLE

Hold Time, HIGH or LOW

DntoLE

LE Pulse Width, HIGH

74F

TA= +25°C

VCc = +5.0V

MIn Max

2.0

2.0

2.5

3.0

4.0

54F

TA.Vcc = MII

MIn Max

74F

TAfVcc^Com

MIn Max

2.5

2.5

3.0

3.5

4.0

Unite

ns

ns

Fig

No

2-6

2-4
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National
Semiconductor

54F/74F843

9-Bit Transparent Latch

General Description
The 'F843 bus interface latch is designed to eliminate the

extra packages required to buffer existing latches and pro

vide extra data width for wider address/data paths or buses

carrying parity.

The 'F843 is functionally and pin compatible with AMD's

Am29843.

Features
■ TRI-STATE® output

■ Direct replacement for AMD's Am29843

Ordering Code: see section 5

Logic Symbols

IEEE Symbol

Connection Diagrams
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

D0-D8

SE

LE

CLR

PRE

O0-O8

Description

Data Inputs

Output Enable Input

Latch Enable

Clear

Preset

TRI-STATE Data Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

150/40(33.3)

Input I|H/Iil

Output Ioh/Iol

20/j-A/-0.6 mA

20jiA/-0.6mA

20 jmA/ -0.6 mA

20ji.A/-0.6mA

20jutA/-0.6mA

-3mA/24mA(20mA)
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Functional Description
The 'F843 consists of nine D-type latches with TRI-STATE

outputs. The flip-flops appear transparent to the data when

Latch Enable (LE) is HIGH. This allows asynchronous oper

ation, as the output transition follows the data in transition.

On the LE HIGH-to-LOW transition, the data that meets the

setup times is latched. Data appears on the bus when the

Output Enable (OE) is LOW. When OE is HIGH, the bus

Function Table

CLR

H

H

H

H

H

H

H

H

L

L

L

H

Inputs

PRE

H

H

H

H

H

H

H
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H
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H

L
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H
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H
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H
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X

X
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H
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H

X

X

X

X

X
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Q
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H
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L
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H

L

H

L
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Output
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z

z

z

z

L

H

NC

H

L

H

Z

z

Funoon

HighZ

HighZ

HighZ

Latched

Transparent

Transparent

Latched

Preset

Clear

Preset

Latched

Latched

output is in the high impedance state. In addition to the LE

andQg pins, the 'F843 has a Clear (CLR) pin and a Preset

(PRE). These pins are ideal for parity bus interfacing in high

performance systems. When CLR is LOW, the outputs are

LOW if OE is LOW. When CLRjs HIGH, data can be en

tered into the latch. When PRE is LOW, the Outputs are

HIGH if OE is LOW. Preset overrides ULR.

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

NC = No Change

Logic Diagram

08

TL/F/9453-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Storage Temperature —65°C to +150°C

Ambient Temperature under Bias - 55°C to +125°C

Junction Temperature under Bias -55°C to +175°C

Vcc Pin Potential to

Ground Pin -0.5V to + 7.0V

Recommended Operating

Conditions
Free Air Ambient Temperature

Military

Commercial

Supply Voltage

Military

Commercial

-55°Cto+125°C

0°Cto+70°C

+ 4.5V to + 5.5V

+ 4.5V to + 5.5V

-0.5V to + 7.0V

-30 mA to + 5.0 mA

-0.5V to VCc
-0.5V to + 5.5V

Input Voltage (Note 2)

Input Current (Note 2)

Voltage Applied to Output

in HIGH State (with Vcc = 0V)

Standard Output

TRI-STATE Output

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

llH

'bvi

IlL

IOZH

•OZL

'OS

ICEX

Izz

ice

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH

Voltage

Output LOW Voltage

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage current

Bus Drainage Test

Power Supply Current

54F10%Vcc

54F10%VCc

74F10%Vcc

74F10%VCc

74F5%Vcc

74F5%Vcc

54F10%VCc

74F10%Vcc

Min

2.0

2.5

2.4

2.5

2.4

2.7

2.7

-60

54F/74F

Typ Max

0.8

-1.2

0.5

0.5

20

100

-0.6

50

-50

-150

250

500

65 90

Unite

V

V

V

V

V

iiA

pA

mA

liA

MA

mA

,xA

pA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N =

IOH =

IOH =

IOH =

IOH =

»OH =

IOH =

"OL =

IOL =

V|N =

V|N =

V|N =

VOUT

VOUT

VOUT

VOUT

VOUT

-18 mA

-1 mA

-3 mA

-1 mA

-3 mA

-1 mA

-3 mA

20 mA

24 mA

2.7V

7.0V

0.5V

= 2.7V

= 0.5V

= 0V

= Vcc

= vcc
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpi_H

tpHL

tpLH

tpHL

tpi_H

tpHL

tpZH

tpZL

tPHZ

tpLZ

Parameter

Propagation Delay

Dn to On

Propagation Delay

LEtoOn

Propagation Delay

PREtoOn

Propagation Delay

CLRtoOp

Output Enable Time

OEtoOn

Output Disable Time

5EtoOn

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

2.5 5.4 8.0

1.5 4.2 6.5

5.0 8.5 12.0

2.0 4.7 7.5

3.0 7.3 10.0

3.0 6.9 10.0

2.5 5.0 8.5

2.5 6.1 9.0

1.0 3.6 6.5

1.0 3.4 6.5

54F

Ta,VCC = MII

CL = 50 pF

Min Max

74F

Ta» VCc = Com

CL = 50pF

Min Max

2.0 9.0

1.5 7.0

4.5 13.5

2.0 8.0

2.5 11.0

2.5 11.0

2.0 9.5

2.0 10.0

1.0 7.5

1.0 7.5

Units

ns

ns

ns

ns

ns

ns

Fig

No

2-3

2-3

2-3

2-3

2-3

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

tw(H)

tw(U

tw(D

tree

tree

Parameter

Setup Time, HIGH or LOW

DntoLE

Hold Time, HIGH or LOW

DntoLE

LE Pulse Width, HIGH

PRE Pulse Width, LOW

CLR Pulse Width, LOW

PRE Recovery Time

CLR Recovery Time

74F

TA= +25°C

VCc= +5.0V

Mln Max

2.0

2.0

2.5

3.0

4.0

5.0

5.0

10.0

12.0

54F

TA,Vcc = MII

Min Max

74F

Ta. VCc = Com

Min Max

2.5

2.5

3.0

3.5

4.0

5.0

5.0

10.0

13.0

Units

ns

ns

ns

ns

ns

ns

Fig

No

2-6

2-4

2-4

2-4

2-6

2-6
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National
Semiconductor

54F/74F845

8-Bit Transparent Latch

General Description
The 'F845 bus interface latch is designed to eliminate the

extra packages required to buffer existing latches and pro

vide extra data width for wider address/data paths or buses

carrying parity.

The 'F845 is functionally- and pin-compatible with AMD's

Am29845.

Features
■ TRI-STATE® outputs

■ Direct replacement for AMD's Am29845

Ordering Code: see section 5

Logic Symbols Connection Diagrams

1 1 1 1 1 1 1 1
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

D0-D7

O0-O7

QEi-OEa

LE

CLR

PRE

Description

Data Inputs

Data Outputs

Output Enables

Latch Enable

Clear

Preset

54F/74F

U.L.

HIGH/LOW

1.0/1.0

150/40(33.3)

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

Input I|H/I|L

Output Ioh/Iol

20 nA/ -0.6 mA

-3.0 fxA/24mA (20 mA)

20jutA/-0.6mA

20 julA/-0.6 mA

20 jmA/- 0.6 mA

20/xA/-0.6mA
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Functional Description
The 'F845 consists of eight D-type latches with TRI-STATE

outputs. The flip-flops appear transparent to the data when

Latch Enable (LE) is HIGH. This allows asynchronous oper

ation as the output transition follows the data in transition.

Logic Diagram

On the LE HIGH-to-LOW transition, the data that meets the

setup times is latched. Data appears on the bus when the

output Enable (OE) is LOW. When UE is HIGH, the bus

output is in the high impedance state.

ol2

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

Function Table

CLR

H

H

H

H

H

H

H

H

L

L

L

H

Inputs

PRE

H

H

H

H

H

H

H

L

H

L

H

L

OE

H

H

H

H

L

L

L

L

L

L

H

H

LE

X

H

H

L

H

H

L

X

X

X

L

L

D

X

L

H

X

L

H

X

X

X

X

X

X

Internal

Q

X

L

H

NC

L

H

NC

H

L

H

L

H

Output

0

Z

z

z

z

L

H

NC

H

L

H

Z

z

FunctionI UllVtIVI 1

HighZ

HighZ

HighZ

Latched

Transparent

Transparent

Latched

Preset

Clear

Preset

Latched

Latched

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

NC = No Change
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

astrjsiesssjE—' "a*—*— _„„„
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output - 0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IO|_ (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

Vol.

I|H

'bvi

IlL

•OZH

IOZL

los

'CEX

izz

'ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% VCc

Voltage 54F10%VCc

74F10%Vcc

74F10%VCc
74F 5% VCc

74F 5% VCc

Output LOW 54F 10% VCc

Voltage 74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.5

20

100

-0.6

50

-50

-60 -150

250

500

63 85

Units

V

V

V

V

V

pA

pA

mA

pA

pA

mA

pA

pA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

llN = -18 mA

Ioh- "1mA

Ioh = "3 mA

IOH= -1mA

Ioh = -3 mA

Ioh = -1 mA

Ioh = -3 mA

Iol = 20 mA

Iol = 24 mA

V|N = 2.7V

V,N = 7.0V

V|N = 0.5V

Vqut = 2.7V

VOUT = 0.5V

VouT = 0V

VOUT = Vcc

VOUT = Vcc

V0 = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tp(.H

tPHL

tpLH

tPHL

tpLH

tpHL

tpZH

tpZL

tPHZ

tpLZ

Parameter

Propagation Delay

DntoOn

Propagation Delay

LEtoOn

Propagation Delay

PREtoOn

Propagation Delay

CHRtoOn

Output Enable Time

0>ltoOn

Output Disable Time

5EtoOn

74F

TA = +25°C

VCc= + 5.0V

CL=50pF

Mln Typ Max

2.5 4.8 8.0

1.5 3.6 6.5

5.0 8.1 12.0

2.0 4.4 7.5

3.0 5.9 10.0

3.0 6.5 10.0

2.5 5.8 9.5

2.5 7.6 12.0

1.0 3.1 7.5

1.0 2.8 6.5

54F

TA,Vcc = MII

CL = 50 pF

Mln Max

74F

Ta. VCc = Com

CL = 50 pF

Min Max

2.0 9.0

1.5 7.0

4.5 13.5

2.0 8.0

2.5 11.0

2.5 11.0

2.0 10.5

2.0 13.0

1.0 8.5

1.0 7.5

Units

ns

ns

ns

ns

ns

ns

Fig

No

2-3

2-3

2-3

2-3

2-5

2-5
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AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(D

tw(H)

tw(U

tw(L)

tree

tree

Parameter

Setup Time, HIGH or LOW

DntoLE

Hold Time, HIGH or LOW

DntoLE

LE Pulse Width, HIGH

PRE Pulse Width, LOW

CLR Pulse Width, LOW

PRE Recovery Time

CLR Recovery Time

74F

TA= +25°C

Vcc= +5.0V

Min Max

2.0

2.0

2.5

3.0

4.0

5.0

5.0

10.0

12.0

54F

TA,VCC = Mil

Min Max

74F

Ta, Vqc = Com

Min Max

2.5

2.5

3.0

3.5

4.0

5.0

5.0

10.0

13.0

Units

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-4

2-4

2-4

2-6

2-6
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OT National
£mSemiconductor

54F/74F968

1 Mbit Dynamic RAM Controller

General Description Features
The 'F968 is a high performance memory controller, replac- ■ Provides control for 16K, 64K, 256K or 1 Mbit DRAM

ing many SSI and MSI devices by grouping several unique systems

functions. It provides two 10-bit address latches and two 10- ■ Outputs directly drive up to 88 DRAMs

bit counters for row and column address generation during ■ Chip select for easy expansion

refresh. A 2-bit bank select latch for row and column ad- B Provides memory refresh with error correction mode

dress generation during refresh and a 2-bit bank select latch m 52.pjn p|astjc leaded chip carrier
for the two high order address bits are provided to select

one of the four RAS and CAS outputs.

Ordering Code: see section 5

Logic Symbol

> >^10 /|10

—0

—0

^ ACo-ACg AR0-AR9 Qq

MSEL Q1

LE Q2

sa1 Q4

MC0 Q5
MC1 Q6

RASI Q7

1111111111
TL/F/9604-1
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Connection Diagrams

Pin Assignment

for PCC

AC2 AR2 AC, AR, AC0 ARqMSEL CS CASI RASqCASoRAS,^

[T]6ND(TTL)

(HOE

m m nzi mi mi in eii ii§ s| ® i^m
ACg AR9 A^SELoSEL, MC, MCq RASI CASjRASjCASjjRAS^

Pin Assignment

for Side Brazed DIP

cs-

MSEL-

AC0-

AR,-

ACt-

AR2-

AC2-

AR3-

AC3-

AR4-

AC4-

GND(ECL)-

LE-

AC5-

AR6-

AC6-

AR7-

AC7-

AR8-

AC8-

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

52

51

50

49

48

47

46

45

44

43

42

41

40

39

38

37

36

35

34

33

32

31

30

29

28

27

-CASI

-RAS0

-CAS0
-RAS,

-CASt

-Qo
-0,

-02

-QS

-04
-GND(TTL)

-OE

-05

-07

-CAS2

-RAS3

-CAS3

-RASI

-MC0

-MC,
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Unit Loading/Fail Out: See Section 2 for U.L definitions

Pin Names

AC0-AC9

AR0-AR9

MC0, MCi

CS

MSEL

LE

SELo, SELi

RASI

CASI

OE

RA§0-RA§3
Ca§0-cas3

Q0-Q9

Description

Column Address Inputs

Row Address Inputs

Mode Control Inputs

Chip Select Input

Multiplexer Select Input

Latch Enable Input

Bank Select Inputs

Row Address Strobe In

Column Address Strobe In

Output Enable

Row Address Strobe Outputs

Column Address Strobe Outputs

Address Outputs

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

150/1.667

150/1.667

150/1.667

Input Iih/Iil

Output Ioh/Iol

20 fiA/-0.6 mA

20 juiA/-0.6 mA

20fiA/-0.6mA

20jmA/-0.6mA

20 jxA/-0.6 mA

20 fiA/-0.6 mA

20 julA/- 0.6 mA

20 jutA/—0.6 mA

20 julA/- 0.6 mA

20 jutA/- 0.6 mA

-3mA/1.0mA

-3mA/1.0mA

-3mA/1.0mA

Pin Description

Name I/O Description

AR0-AR9

AC0-AC9

Address Inputs. AR0-AR9 are latched in as the 10-bit Row Address for the RAM. These inputs drive

Q0-Q9 when the "F968 is in the Read/Write mode and MSEL is LOW. AC0-AC9 are latched in as the

Column Address, and will drive Q0-Q9 when MSEL is HIGH and the 'F968 is in the Read/Write mode. The

addresses are latched with the Latch Enable (LE) signal.

SELo-SELi Bank Select. These two inputs are normally the two higher order address bits, and are used in the

Read/Write mode to select which bank of memory will be receiving the RASn and CASn signals after RASI

and CASI go HIGH.

LE Latch Enable. This active-HIGH input causes the Row, Column and Bank Select latches to become

transparent, allowing the latches to accept new input data. A LOW input on LE latches the input data,

assuming it meets the setup and hold time requirements.

MSEL Multiplexer Select. This input determines whether the Row or Column Address will be sent to the memory

address inputs. When MSEL is HIGH the Column Address is selected, while the Row Address is selected

when MSEL is LOW. The address may come from either the address latch or refresh address counter

depending on MC0, MCj.

Chip Select. This active-LOW input is used to enable the 'F968. When CS is active, the 'F968 operates

normally in all four modes. When CS goes HIGH, the device will not enter the Read/Write mode. This

allows other devices to access the same memory that the 'F968 is controlling (e.g., DMA controller).

Output Enable. This active-LOW input enables/disables the output signals. When OE is HIGH, the outputs

of the 'F968 enter the high impedance state. The OE signal allows more than one 'F968 to control the
same memory, thus providing an easy method to expand the memory size.

MC0, MCi Mode Control. These inputs are used to specify which of the four operating modes the 'F968 should be

using. The description of the four operating modes is given in the Mode Control Function Table.

Q0-Q9 Address Outputs. These address outputs will feed the DRAM address inputs and provide drive for

memory systems up to 500 pF in capacitance.

RASI Row Address Strobe Input. During normal memory cycles, the decoded RASn output (RAS0, RAS1(

RA§2 or Mfi§3) is forced LOW after receipt of RASI. In either refresh mode, all four RASn outputs will go
LOW following RASI going HIGH.

Row Address Strobe. Each one of the Row Address Strobe outputs provides a RASn signal to one of the

four banks of dynamic memory. Each will go LOW only when selected by SELo and SEL1 and only after

RASI goes HIGH. All four go LOW in response to RASI in either of the Refresh modes.

CASI Column Address Strobe Input. This input going active will cause the selected CASn output to be forced

LOW.

Column Address Strobe. During normal Read/Write cycles the two select bits (SELo, SELi) determine

which CASn output will go active following CASI going HIGH. When memory error correction is performed,

only the CASn signal selected by CNTRq and CNTR1 will be active. For non-error correction cycles, all four

CASn outputs remain HIGH.
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Functional Description
The 74F968 is a 1 Mbit DRAM controller which is functional- A10-bit multiplexer selects the output address between the

ly equivalent to AMD's Am29368. The 74F968 provides input row address, column address, refresh counter row ad-

row/column address multiplexing, refresh address genera- dress, column address, or zero (clear). Four RAS and four

tion and bank selection for up to four banks of RAMs. CAS outputs select the appropriate bank of RAMs and

Twenty-two (22) address bits (AR0-AR9, AC0-AC9 and 8tr<>b0 ln the row and column addresses,
bank select addresses SELo and SEL1) are presented to It should be noted that the counters are cleared (MC0, MC-i

the controller. These addresses are latched by a 22-bit = 1,1) on the next RASI transition, but the Q outputs are

latch. A 22-bit counter generates the refresh address. asynchronously cleared through the multiplexer.

Mode Control Function Table

MCi

L

L

H

H

MC0

L

H

L

H

Operating Mode

Refresh without Error Correction— Refresh cycles are performed with only the Row Counter being

used to generate addresses. In this mode, all four RA§n outputs are active while the four €A§n signals
are kept HIGH.

Refresh with Error Correction/Initialize— During this mode, refresh cycles are done with both the

Row and Column counters generating the addresses. MSEL is used to select between the Row and

Column counter. All four RASn outputs go active in response to RASI, while only one CASn output goes

LOW in response to CASI. The Bank Counter keeps track of which Cfi§n output will go active. This
mode of operation is possible when supported by an error detection/correction circuit such as the

T632.

Read/Write— This mode is used to perform Read/Write cycles. Both the Row and Column addresses

are latched and multiplexed to the address output lines using MSEL; SELo and SEL1 are decoded to

determine which RASn and CASn will be active.

Clear Refresh Counter— This mode will clear the three refresh counters (Row, Column and Bank) on

the HIGH-to-LOW transition of RASI, putting them at the start of the refresh sequence. In this mode, all

four RA§n outputs are driven LOW upon receipt of RASI so that DRAM wake-up cycles are performed.

This mode also asynchronously clears the Qn outputs.

H = HIGH Voltage Level

L = LOW Voltage Level

Address Output Function Table

CS

L

H

MC1

L

L

H

H

L

L

H

H

MC0

L

H

L

H

L

H

L

H

MSEL

X

H

L

H

L

X

X

H

L

X

X

Mode

Refresh without Error Correction

Refresh with Error Correction

Read/Write

Clear Refresh Counter

Refresh without Error Correction

Refresh with Error Correction

Read/Write

Clear Refresh Counter

MUX Output

Row Counter Address

Column Counter Address

Row Counter Address

Column Address Latch

Row Address Latch

Zero

Row Counter Address

Column Counter Address

Rtfw Counter Address

Zero

Zero

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial
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RAS Output Function Table

RASI

L

H

CS

X

L

H

MCt

X

L

L

H

H

L

L

H

H

MC0

X

L

H

L

H

L

H

L

H

SELi

X

X

X

L

L

H

H

X

X

SELo

X

X

X

L

H

L

H

X

X

Mode

Non-Refresh

Refresh without Error Correction

Refresh with Error Correction

Read/Write

Clear Refresh Counter

Refresh without Error Correction

Refresh with Error Correction

Read/Write

Clear Refresh Counter

RAS0

H

L

L

L

H

H

H

L

L

L

H

L

RASi

H

L

L

H

L

H

H

L

L

L

H

L

RAS2

H

L

L

H

H

L

H

L

L

L

H

L

RAS3

H

L

L

H

H

H

L

L

L

L

H

L

€AS Output Function Table

Inputs

CASI

H

L

CS

L

H

X

Md

L

L

H

H

L

L

H

H

X

MC0

L

H

L

H

L

H

L

H

X

Internal Counter

CNTRi

X

L

L

H

H

X

X

X

L

L

H

H

X

X

CNTRo

X

L

H

L

H

X

X

X

L

H

L

H

X

X

Inputs

SELi

X

X

L

L

H

H

X

X

X

X

X

SELq

X

X

L

H

L

H

X

X

X

X

X

Outputs

CAS0

H

L

H

H

H

L

H

H

H

H

H

L

H

H

H

H

H

CASi

H

H

L

H

H

H

L

H

H

H

H

H

L

H

H

H

H

CAS2

H

H

H

L

H

H

H

L

H

H

H

H

H

L

H

H

H

CAS3

H

H

H

H

L

H

H

H

L

H

H

H

H

H

L

H

H
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Block Diagram

RASI

CASI

MC1

MSEL

OE C

AR0-AR9-

AC0-ACg-

CONTROL

LOGIC

10 ROW
1 ATPU

COLUMN

LATCH

CLR

SELj

BANK

LATCH

CLR—►

CLR ►

CLR ►

BANK

COUNTER

i

COLUMN

COUNTER

CNTR0

CNTRt

.10

.10

ROW

COUNTER

10

RAS

CAS

MULTIPLEXER

CLR

•RAS0-RAS3

•CAS0-CAS3

■Q0-Q9

Memory Cycle Timing
The relationship between the 'F968 specifications and sys

tem timing requirements is shown in Figures 1-6. T1, T2

and T3 represent the minimum timing requirements at the

'F968 inputs to guarantee that the RAM timing requirements

are met and that maximum system performance is

achieved.

The minimum requirement for T1, T2 and T3 are as follows:

T1 Min = tASR +

T2 Min = tRAH +

T3 Min = T2 + t8kew + tAso

See RAM data sheet for applicable values for tRAH. Use

and tAsR.
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Memory Cycle Timing (continued)

ARn.ACn

Qn

RASI

RASn

MSEL

CASI

CASn \\_

SELn

RASI/CASI

^ JIEMORY CYCLEJIMING

" RASI/CASI 7ulsF WIDTH?'

FIGURE 1. Dynamic Memory Controller Timing

TL/F/8604-5

ARn.ACn

Qn XXXX): ROW ADDRESS VAUD ) 5QQQQ - COLUMN ADDRESS VALP

RASI

RASn

MSEL

CASI

CASn

Note A: Guaranteed maximum difference between fastest RASI to RA§n deiay and the slowest An to Qn delay on any single device.

Note B: Guaranteed maximum difference between fastest MSEL to Qn delay and the slowest RASI to EASn delay on any single device.

Note C: Guaranteed maximum difference between fastest CASI to CA§n delay and the slowest MSEL to Qn delay on any single device.

FIGURE 2. Specifications Applicable to Memory Cycle Timing (MCn = 1,0)
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Memory Cycle Timing (continued)

ARn.ACn

Qn

RASI
a

RASn

MSEL

CASI

CASn"

XXXX) : R0W REFRESH ADDRESS

■T,-H

COLUMN REFRESH ADDRESS

FIGURE 3. Desired System Timing

Refresh Cycle Timing

Qn XXXX)r"R0W REFRESH ADDRESS VALID )BQQQQ^COLUMN REFRESH ADDRESS VALID

RASI

RASn

MSEL

CASI

CASn"

Note B: Guaranteed maximum difference between fastest MSEL to Qn delay and the slowest RASI to RASn delay on any single device.

Note C: Guaranteed maximum difference between fastest CASI to €A~S~n delay and the slowest MSEL to Qn delay on any single device.

Note D: Guaranteed maximum difference between fastest RASI to RA§n delay and the slowest MCn to Qn delay on any single device.

FIGURE 4. Specifications Applicable to Refresh Cycle Timing (MCn = 00,01)
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Refresh Cycle Timing (continued)

MCn

Qn

RASI

RASn

MSEL

CASI

CASn

MCn = 01

%75fa ROW REFRESH ADDRESS VAUD jgTO^

'ASR

FIGURE 5. Designed Timing—Refresh with Error Correction

MCn ¥ MCn = 00

Qn

RASI

RASn

XXX3QF

FIGURE 6. Desired Timing—Refresh without Error Correction

TL/F/8604-10
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ _ a A. ArnWtan* Tamrseira*,,ra

Distributors for availability and specifications. Military TemPerature _55OCtQ +12goc
Storage Temperature -65°Cto+150°C Commercial 0°Cto+70°C

Ambient Temperature under Bias — 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with VCc = 0V)

Standard Output -0.5V to VCc

3-State Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

■bvi

IlL

•OZH

!OZL

los

•CEX

izz

'CCH

ICCL

iccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%Vcc

74F10%Vcc

74F10%VCc

74F 5% VCc

74F 5% Vcc

Output LOW 54F 10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCC

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Buss Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.8

0.5

0.8

20

100

-0.6

50

-50

-60 -150

250

500

300

300

300

Units

V

V

V

V

V

jiA

mA

f*A

HA

mA

jiA

^A

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N 18 mA

Ioh = -1 mA

l0H=-3mA

Ioh = -1 mA

Ioh = -3 mA

IOh= -1mA

Ioh = -3 mA

Iol = 1.0 mA

IOl= 12 mA

IOl= 10 mA

Iol = 12 mA

V,N = 2.7V

V,N = 7.0V

V|N = 0.5V

VouT = 2.7V

VoUT = 0.5V

V0UT = 0V

VOUT = Vcc

VOUT = Vcc

Vo = HIGH

Vo = LOW

V0 = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpLH

tpHL

*PLH

tpHL

tpLH

tpHL

tpLH

tpHL

*PLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

*PHL

tpLH

tpHL

tPLH

tpHL

tpLH

tpHL

tPLH

tpHL

Parameter

Propagation Delay

AR to Qn

Propagation Delay

ACtoQn

Propagation Delay

RASItoRASn

Propagation Delay

CASItoCASn

Propagation Delay

MSELtoQn

Propagation Delay

MCntoQn

Propagation Delay

MCntoRASn

Propagation Delay

MCntoCASn

Propagation Delay

LEtoRASn

Propagation Delay

LEtoCASn

Propagation Delay

LEtoQn

Propagation Delay

C5§toQn

Propagation Delay

CStoRASn

Propagation Delay

C§toCA§n

Propagation Delay

SELntoRASn

Propagation Delay

SELntoCASn

74F

TA= + 25°C

VCc= +5.0V

CL = 50 pF

Min Typ Max

3.0 7.0 11.0

3.0 7.0 11.0

3.0 7.0 11.0

3.0 7.0 11.0

3.5 8.0 12.0

3.5 7.0 12.0

1.0 6.0 8.0

1.0 4.0 8.0

3.0 9.0 13.0

3.0 8.0 13.0

4.0 10.0 15.0

4.0 9.0 15.0

3.5 11.0 17.5

3.5 8.0 17.5

4.0 8.0 12.5

4.0 9.0 12.5

4.0 10.0 15.0

4.0 9.0 15.0

5.0 9.0 13.5

5.0 9.0 13.5

3.5 8.0 12.0

3.5 7.0 12.0

3.0 10.0 14.5

3.0 8.0 14.5

3.5 8.0 13.0

3.5 8.0 13.0

4.0 8.0 11.5

4.0 8.0 11.5

4.0 9.0 15.5

4.0 8.0 15.5

4.5 9.0 14.5

4.5 9.0 14.5

Ta» VCc = Com

CL = 50 pF

Min Max

2.5 12.0

2.5 12.0

2.5 12.0

2.5 12.0

3.0 13.0

3.0 13.0

1.0 8.5

1.0 8.5

2.5 14.0

2.5 14.0

3.5 16.0

3.5 16.0

3.0 18.5

3.0 18.5

3.5 13.5

3.5 13.5

3.5 16.0

3.5 16.0

4.5 14.5

4.5 14.5

3.0 13.0

3.0 13.0

3.0 15.5

3.0 15.5

3.0 14.0

3.0 14.0

3.5 12.5

3.5 12.5

3.5 16.0

3.5 16.0

4.0 15.5

4.0 15.5

Ta. Vcc = Com

CL = 500 pF*

Min Typ Max

19.0

22.0

19.0

22.0

23.0

20.0

19.0

17.0

24.0

21.0

25.0

22.0

24.0

22.0

23.0

21.0

25.0

24.0

24.0

24.0

23.0

22.0

25.0

23.0

23.0

23.0

23.0

23.0

24.0

23.0

24.0

24.0

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

•These values are given for typical derivative with a 500 pF load; these are not guaranteed specifications.
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AC Electrical Characteristics (Continued): See Section 2 for Waveforms and Load Configurations

Symbol

tpHZ

tpLZ

tpZH

tpZL

tpHZ

tpi_Z

tpZH

tpZL

tpHZ

tpLZ

tpZH

*PZL

Parameter

Output Disable Time

OEtoQn

Output Enable Time

UEtoQn

Output Disable Time

OEtoRA§n

Output Enable Time

OEtoRA§n

Output Disable Time

OEto^A§n

Output Enable Time

OEtoCA§n

74F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Mln Typ Max

1.0 5.0 9.5

1.0 4.0 9.5

1.0 5.0 9.5

1.0 6.0 9.5

1.0 5.0 9.5

1.0 4.0 9.5

1.0 5.0 9.5

1.0 6.0 9.5

1.0 5.0 9.5

1.0 4.0 9.5

1.0 5.0 9.5

1.0 6.0 9.5

TA,VCc = Com

CL = 50 pF

Mln Max

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

Units

ns

ns

ns

ns

ns

ns

No

2-5

2-5

2-5

2-5

2-5

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(L)

ts(H)

t«(L)

th(H)

th(U

tw(H)

tw(L)

tskew

Parameter

Setup Time, HIGH or LOW

AntoLE

Hold Time, HIGH or LOW

AntoLE

Setup Time, HIGH or LOW

SELtoLE

Hold Time, HIGH or LOW

SELtoLE

Pulse Width, HIGH or LOW

CA§n,RA§n

QntO^n,R^§n

74F

TA= +25°C

VCc = +5.0V

Min Max

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

15.0

15.0

10.0

Ta» vcc = Com

Mln Max

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

15.0

15.0

10.0

Units

ns

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-6

2-6

2-4
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54F/74F978

Octal Flip-Flop with Serial Scanner

ADVANCED INFORMATION

General Description
The 'F978 is a high speed low power octal flip-flop with a

buffered Data Clock (DCLK), Test Clock (TCLK), and a buff

ered Output Enable (OEN). Serial diagnostics are performed

with on-board multiplexers.

Features
■ Edge-triggered D-type registers

■ On-line and off-line system diagnostics with indepen

dent test clock

Inputs and outputs on opposite sides of package allow

ing easy interface with microprocessors

RAM write-back for writable control store

Useful as input or output port for microprocessors

Cascadable for wide control words as used in

microprogramming

Logic Symbol Connection Diagrams

i I I i i i I I
D0 D, Da D3 D4 D5 D6

DCLK

TCLK

OE

SDOOp 0, 02 03040506

Pin Assignment

for24-PlnDIP/SOIC

I I I I I I I I I
TL/F/9605-1

61-

MODE-

D,-

D2-

D3-

D4-

D5-

07-
SDI-

GND-

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

IS

14

13

Pin Assignment

for28-PlnLCC/PLCC

D7 D6 D5 D4 D3 D2 D,

EH |Toi m GO [7] [6] [|]

-0,

-02

-05

-SDO

-DCLK

o6 o5 o4 o3 o2 o, oo
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29F52«29F53

8-Bit Registered Transceiver

General Description
The 29F52 and 29F53 are 8-bit registered transceivers. Two

8-bit back to back registers store data flowing in both direc

tions between two bidirectional buses. Separate clock,

clock enable and TRI-STATE® output enable signals are

provided for each register. The A0-A7 output pins are guar

anteed to sink 24 mA (20 mA mil.) while the B0-B7 output

pins are designed for 64 mA.

The 29F53 is an inverting option of the 29F52. Both trans

ceivers are AMD Am2952/2953 functional equivalents.

10

1
CO

Features
■ 8-bit registered transceivers

■ Separate clock, clock enable and TRI-STATE output

enable provided for each register

■ AMD Am2952/2953 functional equivalents

■ Both inverting and non-inverting options available

■ 24-Pin slimline package

Ordering Code: see section 5

Logic Symbols

29F52 29F53

-o

-0

—

—

-0

-o

1
Aq

OEB

OEA

CPA

CPB

CEB

CEA

Bo

|
At

B1

| |
Ao A3

B2 B3

|
A4

B4

|
A5

B5

I I
Ag A7

B6 Bj

I I I I I I I I

IEEE/IEC

29F52

-0

-0

—

—

-0

-0

OEB

OEA

CPA

CPB

CEB

CEA

AAAAAAAA
Aq At A2 A3 A4 A5 Ag A7

Bo Bt B2 B3 B4 B5 B6 By

rvrrvrrr

IEEE/IEC

29F53

CEA-

CEB-

OEA-

OEB-

CPA-

CPB-

EN1

EN2

EN3

EN4

>C5

>C6

V 1.3,5 2.4,6 V

CEA * EN1

CEB * EN2
OEA-

OEB-

CPA-

CPB-

► B2

► B4

►B5

► B6

► B7

EN3

EN4

>C5

>C6

V 1,3.5 2.4.6 V

B6
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Connection Diagrams (continued)

Pin Assignment

forDIP,SOICandFlatpak

29F52

By"

B6-

B5-

B4-

3^

2*™

B1-

B0"

oeb-

CPA-

CEA-

GND-

1

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

-Ay

-A5

-As

-A,

-OEA

-CPB

Pin Assignment

for DIP, SOIC and Flatpak

29F53

By-

h-
B5-

B4-

B3-
B2-

B|-

Bo-

OEB-

CPA-

CEA-

GND-

2

3

4

5

6

7

8

9

10

11

12

24

23

22

21

20

19

18

17

16

15

14

13

~*7

-A3

-oea

-CPB

-CEB

Pin Assignment

forLCCandPCC

29F52

OEB Bo B, NC B2 B3 B4

D3 EH IH III H E [H

CPA 01 SB5

Pin Assignment

forLCCandPCC

29F53

OEB Bo Bt NC B2 B3 B4

H3 Esl E H] \H H] GO

Ag Aj M£ NC A3 A4 Ag Aq A^ A2 NC A3 A4 Ag

Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

A0-A7

Bo-By

OEA

CPA

CEA

QEB

CPB

CEB

Description

A-Register Inputs/

B-RegisterTRI-STATE Outputs

B Register Inputs/

A-Register TRI-STATE Outputs

Output Enable A-Register

A-Register Clock

A-Register Clock Enable

Output Enable B-Register

B-Register Clock

B-Register Clock Enable

54F/74F

U.L

HIGH/LOW

3.5/1.083

150/40(33.3)

3.5/1.083

600/106.6(80)

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

Input I|H/Iil

Output Ioh/Iol

70 ju.A/0.65 mA

-3mA/24mA(20mA)

70 fxA/0.65 mA

-12mA/64mA(48mA)

20 ixA/- 0.6 mA

20 fiA/-0.6 mA

20ji,A/-0.6mA

20 fiA/-0.6 mA

20/mA/-0.6 mA

20jj.A/-0.6mA
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Block Diagrams

CPA-

CEA-

A4-

A5-

29F52

-B2

-B3

-B4

-B5

-CPB

-CEB

TL/F/9606-6
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Block Diagrams (continued)

Output Control

29F53

OE

H

L

L

Internal

Q

X

L

H

Y-Output

29F52

Z

L

H

29F53

Z

H

L

Function

Disable Outputs

Enable Outputs

TL/F/9608-10

Register Function Table (Applies to A or B Register)

Inputs

D

X

L

H

CP

X

^r

CE

H

L

L

Internal

Q

NC

L

H

Function

Hold Data

Load Data

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = HIGH Impedance

-/" = LOW-to-HIGH Transition

NC = No Change
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Absolute Maximum Ratings (Note d Recommended Operating
If Military/Aerospace specified devices are required, Conditions

contact the National Semiconductor Sales Office/ Froo Ajr AmhuntTftmnarfltMro

Distributors for availability and specifications. Military TemPerature _55<)C tQ +^c
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias -55°C to +175°C Military + 4.5V to + 5.5V

Vcc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin - 0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) -30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with Vcc = 0V)

Standard Output -0.5V to VCc

TRI-STATE Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

>IH

■bvi

Ibvit

IlL

•lH + IOZH

IlL + IOZL

los

'CEX

Izz

fcCL

iccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F10% Vcc

Voltage 54F10%VCc

54F10%VCc
74F10%VCc

74F10%VCc
74F10%VCc

74F5%VCc

74F5%VCc
74F5%VCc

Output LOW 54F 10% Vcc

Voltage 54F10%VCc

74F10%VCC
74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input HIGH Current

Breakdown Test (I/O)

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Mln Typ Max

2.0

0.8

-1.2

2.5

2.4

2.0

2.5

2.4

2.0

2.7

2.7

2.0

0.5

0.55

0.5

0.55

20

100

1.0

-0.6

70

-650

-60 -150

-100 -225

250

500

130 190

190

190

Units

V

V

V

V

V

pA

mA

mA

jiA

fiA

mA

/*A

^A

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

I|N= -18mA(Nonl/OPins)

IOH= -1mA (An)

IOH= -3mA(An,Bn)

IOh= -12mA(Bn)

IOH= -1mA (An)

IOH= -3mA(An,Bn)
IOH= -12mA(Bn)

IOH= -1mA (^

l0H=-3mA(An,Bn)

IOh= -15mA(Bn)

lOL = 20 mA (An)

lOL = 48mA(Bn)

lOL = 24mA(An)

lOL = 64mA(Bn)

V|N = 2.7V (Non-I/O Pins)

V|N = 7.0V (Non-I/O Pins)

V,N = 5.5V(An,Bn)

V|N = 0.5V (Non-I/O Pins)

VOUT = 2.7V(An>Bn)

VOUT = 0.5V(An,Bn)

VOUT = 0V(An)

VOUT = 0V(Bn)

V0UT = Vcc(An,Bn)

V0UT = Vcc(An,Bn)

V0 = HIGH

V0 = LOW

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tPLH

tpHL

tpZH

tpZL

tpHZ

tpLZ

Parameter

Propagation Delay

CPA or CPB to An or Bn

Output Enable Time

OEAorOEBtoAnorBn

Output Disable Time

9EAorOEBtoAnorBn

74F

TA = +25°C

VCc= +5.0V

CL = 50pF

Mln Typ Max

3.0 5.5 7.5

4.0 7.0 9.0

2.5 5.5 7.5

3.5 7.0 9.5

2.5 6.5 9.0

2.5 5.5 7.5

54F

Ta,VCC = MII

CL = 50pF

Min Max

74F

TA,VCc = Com

CL = 50 pF

Mln Max

2.5 8.5

3.5 10.0

2.0 8.5

3.0 10.5

2.0 10.0

2.0 8.5

Units

ns

ns

ns

Fig

No

2-3

2-5

2-5

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(U

ts(H)

ts(L)

th(H)

th(U

WH)

tw(L)

Parameter

Setup Time, HIGH or LOW

An or Bn to CPA or CPB

Hold Time, HIGH or LOW

An or Bn to CPA or CPB

Setup Time, HIGH or LOW

CEA or CEB to CPA or CPB

Hold Time, HIGH or LOW

CEA or UEB to CPA or CPB

Pulse Width, HIGH or LOW

CPA or CPB

74F

TA= +25°C

VCc= +5.0V

Mln Max

4.0

4.0

2.0

2.0

1.0

4.0

2.0

2.0

3.0

3.0

54F

TA,Vcc = MII

Mln Max

74F

TA, VCc = Com

Mln Max

4.5

4.5

2.5

2.5

1.5

4.5

2.5

2.5

3.5

3.5

Units

ns

ns

ns

ns

ns

Fig

No

2-6

2-6

2-6

2-6

2-4
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29F68

Dynamic RAM Controller

General Description
The 29F68 is a high-performance memory controller, re

placing many SSI and MSI devices by grouping several

unique functions. It provides two 9-bit address latches and

two 9-bit counters for row and column address generation

during refresh. A 2-bit bank select latch for row and column

address generation during refresh, and a 2-bit bank select

latch for the two high order address bits are provided to

select one of the four RAS and CAS outputs.

The 29F68 is functionally equivalent to AMD's Am2968 and

Motorola's MC74F2968.

35

Features
■ High-performance memory controller

■ Replaces many SSI and MSI devices by grouping

several unique functions

■ Functionally equivalent to AMD's Am2968 and

Motorola's MC74F2968

■ Provides control for 16K, 64K, or 256K dynamic RAM

systems

■ Outputs directly drive up to 88 DRAMs

■ Highest order two address bits select one of four banks

of RAMs

■ Chip Select for easy expansion

■ Provides memory refresh with error correction mode

Ordering Code: see section 5

Logic Symbol

cs

MSEL

LE

SEL,

SELq

MC,

MC0

RASI

CASI

OE

AC0-AC8 AR0-AR8

tiiitiii

Connection Diagram

Pin Assignment for LCC and PCC

ARyACeARgACgARgLE GND AC4AR4AC3AR3AC2AR2

ACjUJ]

Q3 Qj Qt NC
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Pin Description

Name

AR0-AR8

ACo-ACe

SELq-SEL!

LE

MSEL

C§

OE

MC0, MCi

Qo-Qs

RASI

RA§0-RAS3

CASI

CAS0-CAS3

I/O

1

1

1

1

1

1

1

0

1

0

1

0

Description

Address Inputs. ARq-ARs are latched in as the 9-bit Row Address for

the RAM. These inputs drive Qo-Qs when the 29F68 is in the Read/

Write mode and MSEL is LOW. AC0-AC8 are latched in as the Column

Address, and will drive Qo-Qs when MSEL is HIGH and the 29F68 is in

the Read/Write mode. The addresses are latched with the Latch

Enable (LE) signal.

Bank Select. These two inputs are normally the two higher order

address bits, and are used in the Read/Write mode to select which

bank of memory will be receiving the RASn and CASn signals after

RASI and CASI go HIGH.

Latch Enable. This active-HIGH input causes the Row, Column and

Bank Select latches to become transparent, allowing the latches to

accept new input data. A LOW input on LE latches the input data,

assuming it meets the setup and hold time requirements.

Multiplexer Select. This input determines whether the Row or Column

Address will be sent to the memory address inputs. When MSEL is

HIGH the Column Address is selected, while the Row Address is

selected when MSEL is LOW. The address may come from either the

address latch or refresh address counter depending on MCq, MC-j.

Chip Select. This active-LOW input is used to enable the 29F68. When

CS is active, the 29F68 operates normally in all four modes. When CS

goes HIGH, the device will not enter the Read/Write mode. This allows

other devices to access the same memory that the 29F68 is controlling

(e.g., DMA controller).

Output Enable. This active-LOW input enables/disables the output

signals. When OE is HIGH, the outputs of the 29F68 enter the high

impedance state. The OE signal allows more than one 29F68 to control

the same memory, thus providing an easy method to expand the

memory size.

Mode Control. These inputs are used to specify which of the four

operating modes the 29F68 should be using. The description of the

four operating modes is given in the Mode Control Function Table.

Address Outputs. These address outputs will feed the DRAM address

inputs and provide drive for memory systems up to 500 pF in

capacitance.

Row Address Strobe Input. During normal memory cycles, the

decoded RASn output (RAS6, RAS^ RAS2 or RAS3)js_forced LOW

after receipt of RASI. In either refresh mode, all four RASn outputs will

go LOW following RASI going HIGH.

Row Address Strobe. Each one of the Row Address Strobe outputs

provides a RASn signal to one of the four banks of dynamic memory.

Each will go LOW only when selected by SELq and SEL1 and only after

RASI goes HIGH. All four go LOW in response to RASI in either of the

Refresh modes.

Column Address Strobe Input. This input going active will cause the

selected CASn output to be forced LOW.

Column Address Strobe. During normal Read/Write cycles the two

select bits (SELq, SEl_i) determine which CASn output will go active

following CASI going HIGH. When memory error correction is

performed, only the CASn signal selected by CNTR0 and CNTR-) will be

active. For non-error correction cycles, all four CASn outputs remain

HIGH.
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Functional Description
The 29F68 is designed to be used with 16k, 64k, or 256k A 9-bit multiplexer selects the output address between the

dynamic RAMs and is functionally equivalent to AMD's input row address, column address, refresh counter row ad-

AM2968. The 29F68 provides row/column address multi- dress, column address, or zero (clear). Four RAS and four

plexing, refresh address generation and bank selection for CAS outputs select the appropriate bank of RAMs and

up to four banks of RAMs. strobe in the row and column addresses.

Twenty (20) address bits (AR0-AR8, AC0-AC8, and bank It should be noted that the counters are cleared (MC0,

select addresses SELo and SEL|) are presented to the con- MC-| = 1,1) on the next RASI transition, but the Q outputs

troller. These addresses are latched by a 20-bit latch. A 20- are asynchronously cleared through the multiplexer,

bit counter generates the refresh address.

Mode Control Function Table

MCi

0

0

1

1

MC0

0

1

0

1

Operating Mode

Refresh without Error Correction. Refresh cycles are performed with

only the Row Counter being used to generate addresses. In this mode,

all four RASn outputs are active while the four CASn signals are kept

HIGH.

Refresh with Error Correction/Initialize—During this mode, refresh

cycles are done with both the Row and Column counters generating

the addresses. MSEL is used to select between the Row and Column

counter. All four RASn outputs go active in response to RASI, while

only one CASn output goes LOW in response to CASI. The Bank

Counter keeps track of which CASn output will go active. This mode is

also used on system power-up so that the memory can be written with

a known data pattern.

Read/Write—This mode is used to perform Read/Write cycles. Both

the Row and Column addresses are latched and multiplexed to the

address output lines using MSEL; SELo and SEL-| are decoded to

determine which RASn and CASn will be active.

Clear Refresh Counter—This mode will clear the three refresh

counters (Row, Column, and Bank) on the HIGH-to-LOW transition of

RASI, putting them at the start of the refresh sequence. In this mode,

all four RASn are driven LOW upon receipt of RASI so that DRAM

wake-up cycles may be performed. This mode also asynchronously

clears the Qn outputs.

Address Output Function Table

CS

L

H

MCi

L

L

H

H

L

L

H

H

MC0

L

H

L

H

L

H

L

H

MSEL

X

H

L

H

L

X

X

H

L

X

X

Mode

Refresh without Error Correction

Refresh with Error Correction

Read/Write

Clear Refresh Counter

Refresh without Error Correction

Refresh with Error Correction

Read/Write

Clear Refresh Counter

MUX Output

Row Counter Address

Column Counter Address

Row Counter Address

Column Address Latch

Row Address Latch

Zero

Row Counter Address

Column Counter Address

Row Counter Address

Zero

Zero

I
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00

CM

RAS Output Function Table

RASI

L

H

CS

X

L

H

Md

X

L

L

H

H

L

L

H

H

MC0

X

L

H

L

H

L

H

L

H

SEM

X

X

X

L

L

H

H

X

X

SELo

X

X

X

L

H

L

H

X

X

Mode

Non-refresh

Refresh without Scrubbing

Refresh with Scrubbing

Read/Write

Clear Refresh Counter

Refresh without Error Correction

Refresh with Error Correction

Read/Write

Clear Refresh Counter

RAS0

H

L

L

L

H

H

H

L

L

L

H

L

RASi

H

L

L

H

L

H

H

L

L

L

H

L

RAS2

H

L

L

H

H

L

H

L

L

L

H

L

RAS3

H

L

L

H

H

H

L

L

L

L

H

L

CAS Output Function Table

Inputs

CASI

H

L

CS

L

H

X

Md

L

L

H

H

L

L

H

H

X

MC0

L

H

L

H

L

H

L

H

X

Internal Counter

CNTRi

X

L

L

H

H

X

X

X

L

L

H

H

X

X

CNTRo

X

L

H

L

H

X

X

X

L

H

L

H

X

X

Inputs

SELi

X

X

L

L

H

H

X

X

X

X

X

SELo

X

X

L

H

L

H

X

X

X

X

X

Outputs

CAS0

H

L

H

H

H

L

H

H

H

H

H

L

H

H

H

H

H

CASi

H

H

L

H

H

H

L

H

H

H

H

H

L

H

H

H

H

CAS2

H

H

H

L

H

H

H

L

H

H

H

H

H

L

H

H

H

CAS3

H

H

H

H

L

H

H

H

L

H

H

H

H

H

L

H

H
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Unit Loading/Fan Out: See Section 2 for U.L definitions

Pin Names

AC0-AC8

AR0-AR8

Qo-Qs
MC0, MCi

CS

MSEL

LE

SELcSEM

RASI

CASI

RAS0-RAS3

CAS0-CAS3

OE

Description

Column Address

Row Address

Address Outputs

Memory Cycle

Chip Select Input

Multiplexer Select Input

Latch Enable Input

Select Inputs

Row Address Strobe In

Column Address Strobe In

Row Address Stobe Outputs

Column Address Strobe Outputs

Output Enable

54F/74F

U.L.

HIGH/LOW

1.0/1.0

1.0/1.0

50/33.3

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

1.0/1.0

50/33.3

50/33.3

1.0/1.0

Input Iih/Iil

Output Ioh/Iol

20 |mA/-0.6 mA

20 fiA/- 0.6 mA

-1 mA/20mA

20/xA/-0.6 mA

20 julA/-0.6 mA

20 fjiA/ -0.6 mA

20 jutA/-0.6 mA

20 julA/-0.6 mA

20 julA/-0.6 mA

20/xA/-0.6 mA

-1 mA/20mA

-1 mA/20mA

20 jmA/-0.6 mA

8

i

Block Diagram

RASI SEL,

LATCH

(BANK)

2\

ADDRESS

AC0-AC8

ADDRESS

AR0-AR8

(MSB)

BANK

COUNTER

VCNTRO|1

LATCH

(LSB)

MSELCS

COLUMN

COUNTER

RAS

CODE

ROW

COUNTER

1
CAS

CODE

MUX

CONTROL

So" S3

9 N

MC,MC0 CASI

TL/F/9608-3
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Timing Waveforms

ARn.ACn

Qn

MCn

RASI

RASn

CASI

CASn'

SELn

j

RASI/CASI

ARn.A

Qn

RASI

RASn

MSEL

CASI

CASn

MEMORY CYCLE TIMING

RASI/CASI PuTsF WIDTHS

FIGURE 1. Dynamic Memory Controller Timing

XXXX) { ROW ADDRESS VALID )QQQQQ£ COLUMN ADDRESS VAUD

Note A: Guaranteed maximum difference between fastest RASI to RASn delay and the slowest An to Qn delay on any single device.

Note B: Guaranteed maximum difference between fastest MSEL to Qn delay and the slowest RASI to RASn delay on any single device.

Note C: Guaranteed maximum difference between fastest CASI to CASn delay and the slowest MSEL to Qn delay on any single device.

FIGURE 2. Specifications Applicable to Memory Cycle Timing (MCn = 1,0)
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Timing Waveforms (continued)

ARn.ACn"""^

Qn

RASI

XXXX3

1

RASn

MSEL

CASI

I

[ ROW REFRESH ADDRESS )

>SR,

\

- h—

^AAA7

1
/

- T, ■►1

[ COLUMN REFRESH ADDRESS

f-*ASC

CASn W\\

TL/F/9608-6

FIGURE 3. Desired System Timing

Refresh Cycle Timing

Qn XXXXX R0W REFRESH ADDRESS VALID )

RASI /

RASn

MSEL

CASI

>

-*-D-^|

/

/

[ COLUMN ADDRESS VALID

CASn \\\\\

TL/F/9608-7

FIGURE 4. Specifications Applicable to Refresh Cycle Timing (MCn = 00,01)

Note B: Guaranteed maximum difference between fastest MSEL to Qn delay and the slowest RASI to R~A§n delay on any single device.

Note C: Guaranteed maximum difference between fastest CASI to CA§n delay and the slowest MSEL to Qn delay on any single device.

Note D: Guaranteed maximum difference between fastest RASI to R"ASn delay and the slowest MCn to Qn delay on any single device.

i
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Refresh Cycle Timing (continued)

Qn

RASI

RASn

MSEL

CASI

CASn

MCn = 01

*XXX3E R0W REFRESH ADDRESS VALID

*RAH

FIGURE 5. Designed Timing—Refresh with Error Correction

MCn MCn = 00

Qn XXXX):

RASI

RASn =*\W\\\
FIGURE 6. Desired Timing—Refresh without Error Correction
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Absolute Maximum Ratings (Note d Recommended Operating

If Military/Aerospace specified devices are required, Conditions

please contact the National Semiconductor Sales _ Ai Amhjent Temnerature

Office/Distributors for availability and specifications. Military TemPerature _^Q fe +^c
Storage Temperature -65°C to +150°C Commercial 0°C to + 70°C

Ambient Temperature under Bias - 55°C to +125°C Supply Voltage

Junction Temperature under Bias - 55°C to +175°C Military + 4.5V to + 5.5V

VCc Pin Potential to Commercial + 4.5V to + 5.5V

Ground Pin -0.5V to + 7.0V

Input Voltage (Note 2) -0.5V to + 7.0V

Input Current (Note 2) - 30 mA to + 5.0 mA

Voltage Applied to Output

in HIGH State (with Vcc = 0V)

Standard Output -0.5V to VCc

TRI-STATE® Output -0.5V to + 5.5V

Current Applied to Output

in LOW State (Max) twice the rated IOl (mA)

Note 1: Absolute maximum ratings are values beyond which the device may

be damaged or have its useful life impaired. Functional operation under

these conditions is not implied.

Note 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical Characteristics

Symbol

V|H

V|L

VCD

V0H

V0L

I|H

•bvi

"IL

•OZH

•ozl

los

ICEX

izz

•CCH

ICCL

'ccz

Parameter

Input HIGH Voltage

Input LOW Voltage

Input Clamp Diode Voltage

Output HIGH 54F 10% VCc

Voltage 54F10%Vcc

74F10%VCC

74F10%VCc

74F 5% VCc

74F 5% Vcc

Output LOW 54F 10% VCc

Voltage 54F10%VCc

74F10%VCc

74F10%VCc

Input HIGH Current

Input HIGH Current

Breakdown Test

Input LOW Current

Output Leakage Current

Output Leakage Current

Output Short-Circuit Current

Output HIGH Leakage Current

Bus Drainage Test

Power Supply Current

Power Supply Current

Power Supply Current

54F/74F

Min Typ Max

2.0

0.8

-1.2

2.5

2.4

2.5

2.4

2.7

2.7

0.5

0.8

0.5

0.8

20

100

-0.6

50

-50

-60 -150

250

500

300

300

300

Units

V

V

V

V

V

/*A

mA

/iA

jiA

mA

M.A

fiA

mA

mA

mA

Vcc

Min

Min

Min

Max

Max

Max

Max

Max

Max

Max

0.0V

Max

Max

Max

Conditions

Recognized as a HIGH Signal

Recognized as a LOW Signal

liN = -18 mA

'OH = -1 mA

•oh = ~3 mA

•oh = -1 mA

•OH " ~3 mA

IOh= -1mA

•oh = -3 mA

•ol = 1 -0 mA

IOl= 12.0 mA

•ol - 1.0 mA

IOl= 12.0 mA

V,N = 2.7V

V|N = 7.0V

V,N = 0.5V

Vqut = 2.7V

V0UT = 0.5V

Vqut = 0V

VOUT = Vcc

VOUT = Vcc

Vo = HIGH

Vo = LOW

Vo = HIGH Z
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpLH

tpHL

tpLH

*PHL

*PLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

tpLH

tpHL

Parameter

Propagation Delay

AR to Qn

Propagation Delay

ACtoQn

Propagation Delay

RASI to RASj

Propagation Delay

CASI to CASj

Propagation Delay

MSELtoQn

Propagation Delay

MCntoQn

Propagation Delay

MCntoRASn

Propagation Delay

MCntoCASn

Propagation Delay

LEtoRASn

Propagation Delay

LEtoCASn

Propagation Delay

LEtoQn

29F

TA= + 25°C

VCc= +5.0V

CL = 50 pF

Min Max

3.0 11.0

3.0 11.0

3.0 11.0

3.0 11.0

3.5 12.0

3.5 12.0

1.0 8.0

1.0 8.0

3.0 13.0

3.0 13.0

4.0 15.0

4.0 15.0

3.5 17.5

3.5 17.5

4.0 12.5

4.0 12.5

4.0 15.0

4.0 15.0

5.0 13.5

5.0 13.5

3.5 12.0

3.5 12.0

Military

29F

TA,Vcc = MII

CL = 50 pF

Min Max

Commercial

29F

Ta, Vcc = Com

CL = 50pF

Min Max

2.5 12.0

2.5 12.0

2.5 12.0

2.5 12.0

3.0 13.0

3.0 13.0

1.0 8.5

1.0 8.5

2.5 14.0

2.5 14.0

3.5 16.0

3.5 16.0

3.0 18.5

3.0 18.5

3.5 13.5

3.5 13.5

3.5 16.0

3.5 16.0

4.5 14.5

4.5 14.5

3.0 13.0

3.0 13.0

Ta. VCc = Com

CL = 500 pF

Min Typ Max

19.0

22.0

19.0

22.0

23.0

20.0

19.0

17.0

24.0

21.0

25.0

22.0

24.0

22.0

23.0

21.0

25.0

24.0

24.0

24.0

23.0

22.0

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3

2-3
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations

Symbol

tpZH

tpZL

tpZH

tpZL

tpHZ

tpLZ

tpZH

tpZL

tpHZ

tpLZ

tpZH

*PZL

tw(H)

tw(D

tskew

Parameter

Output Disable Time

OEtoQn

Output Disable Time

OEtoQn

Output Disable Time

OEtoRASn

Output Disable Time

OEtoRASn

Output Disable Time

OEtoCASn

Output Enable Time

OEtoCASn

Pulse Width, HIGH or LOW

CASn, RASn

QntoCASn,RASn

29F

TA= +25°C

VCc= +5.0V

CL = 50 pF

Min Max

1.0 9.5

1.0 9.5

1.0 9.5

1.0 9.5

1.0 9.5

1.0 9.5

1.0 9.5

1.0 9.5

1.0 9.5

1.0 9.5

1.0 9.5

1.0 9.5

15.0

15.0

10.0

Military 29F

Ta,VCc = MII

CL = 50pF

Min Max

Commercial 29F

Ta, VCc = Com

CL = 50 pF

Min Max

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

1.0 10.0

15.0

15.0

10.0

Units

ns

ns

ns

ns

ns

ns

ns

ns

Fig

No

2-5

2-5

2-5

2-5

2-5

2-5

2-4

AC Operating Requirements: see section 2 for waveforms

Symbol

ts(H)

ts(L)

th(H)

th(D

ts(H)

ts(L)

th(H)

th(L)

Parameter

Setup Time, HIGH or LOW

AntoLE

Hold Time, HIGH or LOW

AntoLE

Setup Time, HIGH or LOW

SELtoLE

Hold Time, HIGH or LOW

SELtoLE

29F

TA= +25°C

VCc= +5.0V

Min Max

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

Military 29F

TA,VCC = Mil

Min Max

Commercial 29F

Ta, Vqc = Com

Min Max

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

Units

ns

ns

ns

ns

Fig

No

2-6

2-6

2-6

2-6
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National
Semiconductor

ADVANCED INFORMATION

29F524 • 29F525

Dual 7- and 8-Deep Pipeline Registers

General Description
The 29F524/525 are 8-bit wide, 14- and 16-word deep pipe

line registers with TRI-STATE® outputs. The registers are

organized as two 7- or 8-byte shift registers. A single clock

is provided and operation of the shift registers is under mi

croprogram control.

In the 29F524, the shift registers are 7 deep. All fourteen

registers are available at the output. The input data is fed

directly to the output or an all-zero byte.

The shift registers are 8 deep in the 29F525. Any of the

sixteen registers may be cascaded to from a single 14- or

16-byte-long pipeline register.

feed-

Features
■ 29F524—Dual 7-deep or single 14-deep (with

through and 0) registers

■ 29F525—Dual 8-deep or single 16-deep registers

■ Allows saving addresses within its registers for use at a

later time

■ Hold, or shift and load instructions

■ Number of delay cycles can be changed by the user

without interrupting the data flow

■ All registers available at TRI-STATE output

■ Functionally and pin compatible to AMD

Am29524/Am29525

Logic Symbol Connection Diagrams

29F525

I I I I I I I

—

—

_

—

—

—

-0

lo D°
h

Si

S2

S3

CP

0E o0

Of D2 D3 D4 D5 Dg D7

Of 02 O3 04 O5 06 O7

Pin Assignment

forDIP/SOIC

29F525

I I I I I I I
TL/F/8611-11

S1-

s0-

Do-

D,-

D2-

D3-

Vcc(ECL)-

GND(ECL)-

D4-

D3-

Og-

Dy-

l0-

2

3

4

5

6

7

8

9

10

11

12

13

14

28

27

26

25

24

23

22

21

20

19

18

17

16

15

-s2

-0,

-o2

-03

Pin Assignment

forLCCandPCC

29F525

D6D5D4GNDVCCDJD2

-GND (TTL)

-61

-04

-05
-o6

-07

TL/F/B611-1

O40EGNDVccO3O2 01

\ttl)/
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National
Semiconductor

Ordering Information
i
i

The device number is used to form part of a simplified purchasing code where the package type and temperature range are

defined as follows:

74F XXX P C QR

T—Special variations
QR = Commercial grade

device with burn-In

QB = Military grade

device with

environmental and

burn-In processing

'—Temperature Range
C = Commercial (0°C to +70°C)
M = Military (- 55°C to ♦ 125°C)

.'emperature Range Family

74F=Commercial

54F = Military

29F=Commercial or Military

Device Type-

Package Code-

P = Plastic DIP

SP = SHm Plastic DIP

D=Ceramic DIP

SD = Sllm Ceramic DIP

F=Flatpak

L=Leadless Chip Carrier (LCC)
Q = Plastic Chip Carrier (PCC)
S = Small Outline Package (SOIC)

For most current packaging information, contact Product Marketing.
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0>

S

s

National
Semiconductor All dimensions are in inches (millimeters)

52 Lead Side Brazed Ceramic Dual In-Line Package

NS Package Number D52A

(18.49)

T

-s-
81B04948 47 484S444342 4140S938 37 383S343332 3130292S27

1 ! 3 4 8 8 7 I 9 10 11 12 13 14 18 18 17 18 19 20 21 22 23 24 28 28

(0.889-1.397)

TYP

0.018-0.023

NOTE: FASTtm Product Shipped WITHOUT

Protective Silicon "Bumpers".

0.003-0.018 0.040

(0.203-0.381) (1.018) "'
TYP MM TYP

20 Terminal Ceramic Leadiess Chip Carrier (LCC)

NS Package Number E20A

^—DCTA1LA-DETAIL A

SW«Vl*w
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14 Lead Ceramic Flatpak

NS Package Number W14B

0.080-0.080 i

(1.270-2.082)-^

0.004-0.008

(0.102-0.152)

0.020-0.085

(0.508-0.889)

0.872-0.888

(9.449-9.779)

(1.148)

MAX

0.280 MAX

(7.112) GLASS

•23

PIN NO. 1

ident"

0.018-0.019

(0.381-0.4B3)1
TYP

0.080 ±0.008

(1.270±0.127)

0.250-0.870

(6.380—9.388)

0.248-0.288

(6.223-6.477)

0.280-0.870

(6.850-9.398)

Hft-

O

16 Lead Ceramic Flatpak

NS Package Number W16A

0.050-0.080

(1.270-2.032) *
0.004-0.006

(0.102-0.152) '

0.020-0.040

(0.508-1.016) "

0.007-0.018 ^

(0.178-0.457)

PIN NO. 1

IDENT^X^

0.018-0.019

4 (0.381-0.482)
TYP

0.371 -

(9.423-

81 1 1

2 3 4

0.390 m

9.906)

0.050 ±0.005

m * (U7Q ±0.127)
-+A -*-0.000MIN ALL ENDS

0.300-0.370

(7.620-9J98)

0.245-0276

(6223-6.886)

5 6 8 |

0.300-0.370

(7.620-9.398)

0.3D0

(7.620)

MAX

GLASS

W16A(REVB
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20 Lead Ceramic Flatpak

NS Package Number W20A

0.030-0.040

(0.762-1.016)'

0.004-0.006

(0.102-0.152)"

0.080-0.090

0.050 ±0.005

(1.270 ±0.127)

0.285

(7.239)

MAX GLASS

0.540

(13.72)
MAX-

20 19 18 17 16 15 14 13 12 11

3 4 5 6 7 8 9 10

OPTIONAL '

PIN 01 /
(DENT

0.015-0.019

"(0.381-0.483)

0.008-0.012

(0.203-0.305)

0.005

(0.127)
MIN TYP

0.250-0.320

(6.350-8.128)

0.260-0.270

0.250-0.320

(6.350-8.128)

TYP

0.045

"(1.143)
MAX

24 Lead Ceramic Flatpak

NS Package Number W24C

0030-0.040

(0.762-1.016)"

0.004-0.009

(0.102-0.229) "

0.080-0.090

(2.032-2.286)

0.050 ±0.005

(1.270 ±0.127)

0.400

(10.16)

MAX

0.011-0.025

(0.279-0.635)

I -

0.590-0.625

(14.99-15.88)

24 23 22 21 20 19 18 17 16 15 14 13

2 3 4 5 6 7 8 9 10 11 12

OPTIONAL7

PIN JM'
IDENT

OPTION #1

(REFER DETAIL •'A")

(0.381-0.483)

0.008-0.015

(0.203-0.381)

« 0-005 MIMTVP

(0.127)

0.250-0.320

(6.350-8.128)

0.365-0.380

(9.271-9.652)
0.011-0.025

(0.279-0.635JT

0.250-0.320

(6.350-8.128) 1 0.008-0.015

(0.203-0.381)

DETAIL 'A "PIN 01 IOENT OPTION 2

0.045

"(1.143)
MAX
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14 Lead Ceramic Dual In-Line Package

NS Package Number J14A

0.025

(0.635)-
RAD

0.785

• (19.939) '

MAX

n?i nil nn nn Hoi hi m

LLT LLJ Hi LU Lll HI LU

0.220-0.310

(5.588-7.874)

0.290-0.320

(7.366-8.128)

0.180

(4.572)
MAX,

0.005 ]

(0.127)"
MIN

95° ±5°

10° MAX

0.310-0.410

86°94°Ty7V

0.008-0.012

(0.203-0.305)

(7.874-10.41)

(2.489)

MAX BOTH ENDS

I"5| SEA
GLASS

SEALANT

0.060 ±0.005

HP

(1.524 ±0.127)

0.018 ±0.003

(0.457 ±0.076)

0.100 ±0.010

(2.540 ±0.254)

J

0.200

(5.080)

MAX
0.020-0.060

(0.508-1.524)

t

0.125-0.200

(3.175-5.080)

0.150

(3.81)

MIN J14A (REV Q)

16 Lead Ceramic Dual In-Line Package

NS Package Number J16A

(19.939)

MAX

nsi ii4i fiai ran nil noi no

LULULULULSLJLJLILUl!!l

0.220-0.310

(5.588-7.874)

0.005

(0.127)"

0.008-0.012

(0.203-0.305)

0.080

(2.032)

MAX-*-

BOTH

ENDS

\ 0.005-0.020
(0.127-0.508)

RADTYP

0.125-0.200 0.020-0.060

(3.175-5.080) (0.508-1.524)
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18 Lead Ceramic Dual In-Line Package

NS Package Number J18A

0.180

(4.572)

MAX

0.020

0.290-0.320

(7.366-8.128)

RAO MAX

0.028

(0.636)

0.018
MAX-

(23.24)

iibi fi4i rial RSI im Ra

0.310

(7.874)
MAX

LU L2J L3J LU LSJ LSJ L2J LU LtJ

0008 m
(0.127) mn

20 Lead Ceramic Dual In-Line Package

NS Package Number J20A

0.180

(4.572)"
MAX

0.280-0.320 .

(7.388-8.128)

"85° ±5°

0.310-0.410 _

(7.874-10.41)

0.025

(0.635)"
RAD

(26.019)

MAX

^OJIO. J*k0.220

(5.688-7.874)

1

0.005-0.020

(0.127-0.508)

RADTYP

/HTLiJ L±J LU LLJ LLJ LLJ LLJ L5J D2I

0.020-0.060

(0.508-1.524)

0.018±0.003

(0.457 ±0.076)

0.125-0.200

(3.175-5.080)

0.100 ±0.010

(2.540 ±0.254)
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24 Lead Ceramic Dual In-Line Package

NS Package Number J24A

0.590-0.620

(14.986-15.748)

0.885
+0.025

-0.060

0.025

(0.635)

RAD

0.030-0.055

(0.762-1.397)

RAD TYP

1.290

(32.766)

MAX

0.600

(15.240)

MAX

GLASS

0.514-0.526

(13.06-13.36)

LU LU Lil Lil LLl LU LU LULU LW LIU L12J

GLASS 0.055 iQ.OOS

SEALANT^ (^397,0.127)

0.180

(4.572)

MAX

MAX

0.020-0.070

(0.508-1.778)

♦

T

(2.540 '0.254)

0018 A0003 86 0.125-0.200 oS)
(0.457 ±0.076) 94 (3.175-5.030) (UToj

TYP MIN MIN

28 Lead Ceramic Dual In-Line Package

NS Package Number J28A

0.590-0.620

(14.886-15.748)

^~H
0.008-0.012

(0.203-0.305)

0.685
-0.060

f28i fS7| HEil f«l

(37.848) "

f23| fMi rTTl |2o1 Hal Hal R71 fisl Rsl

0.600

(15.240)

MAX GLASS

0.514-0.526

(13.06-13.36)

LU LU LU Lil LU LSJ LU LSJ LLI UfiJ LHJ llil LHJ LIU

GLASS

SEALANT ~\

0326

0.055 ±0.005 (6.715)

"(1.397 ±0.127) MAX

0.080-0.100

(1.524-2.540)

0.100 -'0.010

(2.540 ♦ 0.264)

h
0.018-0.002

(0.457 '0.50B)
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14 Lead Small Outline Integrated Circuit (SOIC)

NS Package Number M14A

0.228-0.244

(5.791-6.198)

1
1_

0.020

(0.508) ~

14 13

"R fl

h W
1 2

U

0.336-0.344

(8.534-8.738)

12 11 10

fl H fl

"0" b

fl

b

fi

d

0.150-0.158

(3.810-4.013)

0.017

"(0.432)
x48°

0.007-0.010

(0.178-0.254) unnttA ■0.004

(0.102)

ALL LEAD TIPS

TYP ALL LEADS

0.020-0.050

(0.508-1.270)

TYP Aa LEADS

0.024-I

16 Lead Small Outline Integrated Circuit (SOIC)

NS Package Number M16A

0.228-0.244

(5.791-6.188)

(9.778-10.008)

16 IS 14 13 12 11 10

p p p p p n n n

ti ti
6 7

0.150-0.158

(3.810-4.013)

T (0.432)
X45« TYP

AU.UEA0S

0.007-0.010

iO.178-0.254) |

nfP ALL LEADS Q.QQ4

(0.102)

ALL LEAD TIPS

I Li
I ~~*i '"•"(oisoa-i*

i

0.053-0.069

(1.348-1.753)

JU

0004-0010

(o!iO2-o!254)
AFTER LEAD FINISH

0.014-0.019

(0.358-0.483)

5-10



16 Lead (0.300" Wide) Small Outline Integrated Circuit (SOIC)

NS Package Number M16B

0.394-0.419

(10.01-10.64)

LEAD NO. 1

IDENT

16 15 14 13 12 11 10 9

-o

2 3 4 5 6 7
BTBTHTBT

0.009-0.013

(0.229-0.330)

TYP ALL LEADS

0.291-0.299

(7.391 -7.595)

0.017

(0.432)"
x45°

(0.102)

ALL LEAD TIPS

0.030-0.050

(0.762-1.270)

TYP ALL LEADS

-- 0.037-0.044

•-Z.642) 1 F (0.940-1.118)

0.014-0.019

~ (0.356-0.483)

20 Lead Small Outline Integrated Circuit (SOIC)

NS Package Number M20B
0.488-0.812

(12.588-13.005)

20 19 18 17 16 15 14 13 12

(0.432)

r

0.009-0.013

J L

0.037-0.044 onnnnroxy

(0.762-1.270)

TYPALLLEAD3

I
-I

0.004-0.012

(0.102-0.305)

1

t
0.014-0.019

^^~ (0.356-0.483)
TVP
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24 Lead Small Outline Integrated Circuit (SOIC)

NS Package Number M24B

0.394-0.419

(10.01-10.64)

LEAD NO. 1

IDENT

0.596-0.612

(15.14-15.54)

24 23 22 21 20 19 18 17 16 15 14 13

mrnrmw
1 2 3 4 5 6 7 8 9 10 11 12
uuuuuuuutiuuu
1 2 3 r -------

U 0.027

fOEBfit

0.009-0.013

(0.229-0.330)

TYP ALL LEADS

0.291-0.299

(7.391-7.594)

JLPJL-
(0.432)

x45°

0.037-0.044 0.093-0.104

(0.940-1.118) (2.382-2.642)

0°-8° TYP ALL LEADS

JL2M.
(0.102)

ALL LEAD TIPS

JL 0.050

(1.270)

0.004-0.012

(0.102 -0.305)

t0.014-0.019

(0.356-0.483)

28 Lead Small Outline Integrated Circuit (SOIC)

*NS Package Number M28B

n n n n n n n n n n n n n ir
14

15

JNDEX

AREA

7.60 (0.300)

7.40 (0.291)

TDinro ljuuuuuuuu.

10.65 (0.420)
10.00 (0.393)

18.10 (0.713) .

17.70 (0.696)

J
1.27 (0.050)

BSC

0.49 (0.020)

0.35 (0.013)

0.32(0.013)
0.23 (0.009)

1.27 (0.050)
0.40 (0.015)

*For most current package Information contact product marketing.

0.75 (0.030)

0.25 (0.009)

TT
0.30 (0.012)
0.10 (0.003)

2.65 (0.105)

2.35 (0.092)

M28B
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14 Lead Plastic Dual In-Line Package

NS Package Number N14A

95°±6°

0.280

MIN

0.300-0.320

(7.620-6.128)

n,M+0.040

0326 -0.016
+1.018

' -0.381

0.743-0.770

(18.87 -19.56)

nsi iki nn itbi m m

0.085

(1.851)

fII |2| |3| [4j [t] [Bj [7]

OPTION 1

0.250 ±0.005

(8.35010.127)

0.032 ±0.005

0.065

0.009-0.016
T~

(0.229-0.381)

0.075 ±0.015

(1.905 ±0.381)

0.130 ±0.006

90°±4°

0.100 ±0.010

"(2.540 ±0.254)

0.018 ±0.003

(0.467 ±0.076)

0.125-0.140

(3.302 ±0.127)

0.145-0.200

(0.813 ±0.127)

RAD

II • - PIN NO. 11OENT

tst
OPTIONS 2,3

(3.683-5.080)

0.020

(0.508)

MIN

(3.175-3.556)

16 Lead Plastic Dual In-Line Package

NS Package Number N16E

0.090

(2.286)

0.092

(2.337)

DIANDM

PIN NO. 1 (DENT

(7.112)

MIN

0.743-0.780

(18.87-19.81)

H3I R51 Ml liH RBI

0.280 ±0.005

(6.38±0.127)

lu uriu m i§i

0.030

(0.762)

MAX 0.040 I

(1.016)"^

0.009-0.015

(0.229-0.381)

c+0.040

H3S

0.030 ±0.015

(0.762±0.381)~^

I, OPTION2

H^4«(4X)

0.130 ±0.005

(3.302±0.127)

0.032 ±0.005

(0.813 ±0.127)

fig ITU M

PIN NO. 11DENT

OPTION 2

0.148-0.200

(3.683-8.080)

0.126-0.140

(3.175-3.556)

(0.508)

MIN
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Q

s
CO

20 Lead Plastic Dual In-Line Package

NS Package Number N20A

0.280

""(7.112)""
MIN

0.300-0.320

0.092X0.030

(2.337X0.762)"
MAX DP

PIN NO. 11DENT-

OPTION 1

(7.620-8.128)

98°±5°

1.013-1.040

(28.73-26.42)

Hoi Hal Hal ITfl Hal Rsi fi?! HTI FTzl Fill
0.032 ±0.008

PIN NO. 11OENT

(1.824 ±0.127) (0.487 ±0.076

0.130 0.008

"(3.302 0.127)

0.145-0.200

(3.683-8.080)

0.020

(3.178-3.SS6)

OPTION 2

24 Lead Plastic Dual In-Line Package

NS Package Number N24A

U43-U70

0.QB2

(ilwi-
RAD

PIN NO. 11DENT-

1551 Ii5! faal

(31.57-32.26)

fi5| Roi fiel FT?! Hel Rsl Hil !i3i

(13.716 ±0.127)

0.580

(14.73)"
MIN

(15.24-15.748)

LU lU LU LU L5J 111 lil L2J ill 1151 LUl 1221
DOTTED OUTLINES

REFLECT ALTERNATE

MOLDED BODY CONFIGURATION

0.030

(0.762) 0.076

max jog© jy§o._J
1 (1.524)

0.040

(1.016)-

0.160 ±0.005

(4.084 ±0.127) i

(2.540 ±0^54)
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28 Terminal Ceramic Leadless Chip Carrier (LCC)

NS Package Number E28A

(1.270)

0.025

(0.635)

TYP

0.040

(1.016)

3 PL

x45°

TOP

VIEW

u.ua

H—(1.21

unm

0.050

(1.270)

TYP

PIN NO. 11DENT

0.442-0.458

(11.23-11.63)-

SQ

BOHOM

VIEW

(0.508)*

0.085

(2.159)

0.065-0.076

"(1.651-1.930)

g

I

SIDE

VIEW

24 Lead Slim (0.300" Wide) Ceramic Dual In-Line Package

NS Package Number J24F

0.025

(0.635)
RAO-

1.290

(32.77)
MAX-

[241 23 22 1211 201 1191 118 1 1171

0-315 MAX Nk
(TbflTjGLASSV

LLJ LLJ LfJ LU LLJ LLI LU LSJ LU L!£i LUJ LILI

0.060 ±0.005
TYP-»-

(0.508-1.7;

II 12.
MIN
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24 Lead Slim (0.300' Wide) Plastic Dual In-Line Package

NS Package Number N24C

1.243-1.270

0.300-0.320

(7.62-8.128)

0.009-0.015

(0.229-0.381)

0.325
+0.040

-0.015

-(7.112)-

MIN

90°±4°TYP

52 Lead Plastic Chip Carrier (PCC)

NS Package Number V52A

r
12 SPACES AT

0.050=0—-

(1.270 = 15.24)

L

12 SPACES AT

0.050=0.600

*(T527,1

0.750 ±0.003

(19.05 ±0.076)

(U43>
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please call (408) 749-7378.

ALS/AS LOGIC DATABOOK—1987
Introduction to Bipolar Logic • Advanced Low Power Schottky • Advanced Schottky

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS—1987
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Anthem Electronics

1727 E Weber Dr.

Tempe, AZ 85281

(602) 966-6600

Arrow Electronics

4134 East Wood St

Phoenix, AZ 85040

(602) 437-0750
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Bell Industries
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(602) 966-7800
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Hamilton/Avnet
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Englewood. CO 80112

(303) 790-4444

TWX: 910 931 2626

Bell Industries

12421 W. 49th Avenue

Wheatridge. CO 80033

(303) 424-1985

TWX: 910 938 0393

Hamilton/Avnet

8765 E Orchard Road #708

Englewood. CO 80111

(303) 779-9998

TWX: 910 935 0787

CONNECTICUT

Arrow Electronics

12 Beaumont Rd.

Wallingford. CT 06492

(203) 265-7741

TWX: 710 476 0162

Hamilton/Avnet

Commerce Drive

Commerce Park

Danbury, CT 06810

(203) 797-2800

Anthem Electronics

170 Research Parkway

Meridan, CT 06450

(203) 237-2282

Pioneer Northeast

112 Main St

Norwalk, CT 06852

(203) 853-1515

TWX: 710 468 3378

Time Electronics

1701 Highland Ave.

Cheshire, CT 06410

(203) 271-3200

TWX: 910 380 6270

FLORIDA

Arrow Electronics

400 Fairway Drive

Deerfield Beach, FL 33441

(305) 429-8200

TWX: 510 955 9456

Arrow Electronics

37 Skyline Drive #3101

Lake Mary, FL 32746

(407) 323-0252

Bell Industries

10810 72nd St North #201

Suite 201

Largo, FL 33543

(813) 541-4434

Bell Industries

638 South Military Trail

Deerfield Beach. FL 33442

(305) 421-1997

Hamilton/Avnet

6801 N.W. 15th Way

Ft Lauderdale. FL 33309

(305) 971-2900

TWX: 510 956 3097

Hamilton/Avnet

3197 Tech Drive North

St Petersburg. FL 33702

(813) 576-3930

TWX: 810 863 0374

Hamiiton/Avnet

6947 University Blvd.

Winter Park, FL 32792

(305) 628-3888

Pioneer Technology

221 North Lake Blvd.

Altamonte Springs, FL 32701

(305) 834-9090

TWX: 810 853 0284

Pioneer Technology

674 South Military Trial

Deerfield Beach, FL 33441

(305) 428-8877

TWX: 510 955 9653



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued)

Florida (Continued)

Zeus Components Inc., Reg 4

FL, GA. AL, Ml, SC & TN

1750 West Broadway

Oviedo, FL 32765

(305) 365-3000

GEORGIA

Arrow Electronics

3155 Northwoods Parkway

Suite A

Norcross, GA 30071

(404) 449-8252

TWX: 810 766 0439

Bell Industries

3020A Business Park Drive

Norcross, GA 30071

(404) 662-0923

Hamilton/Avnet

5825D Peach Tree Corner E

Norcross, GA 30092

(404) 447-7500

Pioneer Technology

31 OOF Northwoods Place

Norcross, GA 30071

(404)448-1711

TWX: 810 766 4515

ILLINOIS

Anthem Electronics

180CrossenAve.

Elk Grove Village, IL 60007

(312) 640-6066

Arrow Electronics

1140 West Thorndale Avenue

Itasca, IL 60143

(312) 250-0500

TWX: 910 222 0351

Bell Industries

515 BusseRoad

Elk Grove Village, II 60007

(312)640-1910

TWX: 910 223 4519

Bell Industries

730 West Kilarney

Urbana.IL 61801

(217)328-1077

Hamilton/Avnet

1130 Thorndale Ave.

Bensenville, IL60106

(312) 860-7780

Pioneer Electronics

2171 Executive Dr., Suite 200

Addison.IL 60101

(312)495-9680

TWX: 910 222 1834

INDIANA

Advent Electronics Inc.

8446 Moller Rd.

Indianapolis, IN 46268

(317) 872-4910

TWX: 810 341 3228

Arrow Electronics

2495 Directors Row

Suite H

Indianapolis, IN 46241

(317) 243-9353

TWX: 810 341 3119

Bell Industries

3606 E. Maumee Ave.

Fort Wayne, IN 46B03

(219)423-3422

TWX: 910 997 0701

Bell Industries—Graham Div.

133 S Pennsylvania St.

Indianapolis, IN 46204

(317) 834-8202

TWX: 810 341 3481

Hamilton/Avnet

485 Gradle Dr.

Carmel, IN 46032

(317) 844-9333

TWX: 810 260 3966

Pioneer-Indiana

6408 Castleplace Drive

Indianapolis, IN 46250

(317) 849-7300

IOWA

Advent Electronics

682 58th Ave. Court S.W.

Cedar Rapids, IA 52404

(319) 363-0221

TWX: 910 525 1337

Arrow Electronics

375 Collins Rd. N.E.

Cedar Rapids, IA 52402

(319) 395-7230

TWX: 910 493 2086

Bell Industries

1221 Park Place N.E.

Cedar Rapids, IA 52402

(319) 395-0730

Hamilton/Avnet

915 33rd Avenue S.W.

Cedar Rapids, IA 52404

(319) 362-4757

KANSAS

Arrow Electronics

8208 Melrose Dr.

Suite 210

Lenexa, KS 66214

(913) 541-9542

Hamilton/Avnet

9219QuiviraRd

Overland Park, KS 66215

(913) 888-8800

Pioneer Standard

10551 Lackmann Road

Lenexa, KS 66215

(913)492-0500

MARYLAND

Arrow Electronics

8300 Guilford Dr.

Columbia, MD 21045

(301) 995-0003

TWX: 710 236 9005

Hamilton/Avnet

6822 Oak Hall Una

Columbia, MD 21045

(301) 995-3500

TWX: 710 862 1861

Anthem Electronics

9020-A Mendenhall Court

Columbia, MD 21045

(301) 964-0040

TWX: 710 862 1909

Pioneer Technology

9100 Gaither Road

Gaithersburg, MD 20877

(301) 921-0660

TWX: 710 828 0545

Time Electronics

9051 Red Branch Rd.

Columbia, MD 21045

(301) 964-3090

TWX: 710 862 2860

Zeus Components Inc., Reg 2

MD, DE, VA, WVA,

NC, RAYTHEON

8930 Route 108

Columbia, MD 21045

(301)997-1118

MASSACHUSETTS

Arrow Electronics

25 Upton Drive

Wilmington, MA 01887

(617) 935-5134

TWX: 710 393 6770

Gerber Electronics

128 Carnegie Row

Norwood, MA 02062

(617) 769-6000

TWX: 710 336 1987

Hamilton/Avnet

10D Centennial Dr.

Peabody, MA 01960

(617) 531-7430

TWX: 710 393 0382

Anthem Electronics

38 Jonspin Road

Wilmington, MA 01887

(617)657-5170

TWX: 710 332 1387

Pioneer Northeast

44 Hartwell Avenue

Lexington, MA 02173

(617) 861-9200

TWX: 710 326 6617

Time Electronics

10 A Centennial Drive

Peabody, MA 01960

(617) 532-6200

TWX: 710 393 0171

Zeus Coomponents Inc., Reg 1A

MA, Rl, VT, NH, ME & CANADA

429 Marrett Rd.

Lexington, MA 02173

(617)863-8800

MICHIGAN

Arrow Electronics

3510 Roger Chaffee

Memorial Blvd. S.E.

Grand Rapids, Ml 49508

(616) 243-0912

Arrow Electronics

755 Phoenix Dr.

Ann Arbor, Ml 48108

(313) 971-8220

TWX: 810 223 6020

Bell Industries

814 Phoenix Dr.

Ann Arbor, Ml 48104

(313)971-9093

Hamilton/Avnet

2215 29th St. S.E.

Grand Rapids, Ml 49508

(616) 243-8805

TWX: 810 273 6921

Hamilton/Avnet

32487 Schoolcraft Road

Livonia, Ml 48150

(313) 522-4700

Pioneer Standard

4505 Broadmoor S.E.

Grand Rapids, Ml 49508

(616) 698-1800

TWX: 510 600 8456

Pioneer Standard

13485 Stanford

Livonia, Ml 48150

(313) 525-1800

TWX: 810 242 3271

R. M. Electronics

4310 Roger B Chaffee

Wyoming, Ml 49508

(616) 531-9300

MINNESOTA

Anthem Electronics

10025 Valley View Rd. #160

Eden Prairie, MN 55344

(612) 944-5454

Arrow Electronics

5230 73rd Street

Edina, MN 55435

(612)830-1800

TWX: 910 576 3125

Hamilton/Avnet

12400 Whitewater Dr.

Minnetonka, MN 55343-9421

(612) 932-0600

TWX: 910 572 2867

Pioneer-Twin Cities

7625 Golden Triangle Dr.

Suite G

Eden Prairie, MN 55344

(612) 935-5444

TWx: 910 576 2738

MISSOURI

Arrow Electronics

2380 Schuetz Road

St. Louis, MO 63146

(314) 567-6888

TWX: 910 764 0882

Hamilton/Avnet

13743 Shoreline Ct.-East

Earth City, MO 83045

(314) 344-1200

TWX: 910 762 0627

Time Electronics

330 Sovereign Ct

St. Louis, MO 63011-4491

(314) 391-6444

TWX: 910 760 1893

NEW HAMPSHIRE

Arrow Electronics

3 Perimeter Rd.

Manchester, NH 03103

(603) 668-6968

TWX: 710 220 1684

Bell Industries—C & H Div.

19 Park Avenue

Hudson, NH 03051

(603)882-1133

TWX: 710 228 8959

Hamilton/Avnet

444 Industrial Dr.

Manchester, NH 03102

(603) 624-9400

NEW JERSEY—Northern

Arrow Electronics

6 Century Drive

Parsippany, NJ 07054

(201) 575-5300

TWX: 710 734 4403

Hamilton/Avnet

10 Industrial Rd.

Fairfield, NJ 07006

(201) 575-3390

TWX: 710 734 4409



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued)

NEW JERSEY—Northern

(Continued)

Anthem Electronics

311 Rt 46 West

Fairfield, NJ 07006

(201) 227-7960

TWX: 710 734 4312

Nu Horizons Electronics

39 Route 46

Pinebrook, NJ 07058

(201) 882-8300

Pioneer

45 Route 46

Pine Brook, NJ 07058

(201) 575-3510

TWX: 710 734 4382

NEW JERSEY—Southern

Arrow Electronics

6000 Lincoln Drive East

Marlton, NJ 08053

(609) 596-8000

TWX: 710 897 0829

Hamilton/Avnet

One Keystone Ave.

Cherry Hill, NJ 08003

(609) 424-0100

TWX: 710 940 0262

NEW MEXICO

Alliance Electronics Inc.

11030 CochitiS.E.

Albuquerque, NM 87123

(505) 292-3360

TWX: 910 989 1151

Arrow Electronics

2460 Alamo Ave. S.E.

Albuquerque, NM 87106

(505) 243-4566

TWX: 910 989 1679

Bell Industries

11728 UnnN.E.

Albuquerque, NM 87123

(505) 292-2700

TWX: 910 989 0625

Hamilton/Avnet

2524 Baylor Drive S.E.

Albuquerque, NM 87106

(505) 765-1500

TWX: 910 989 1631

NEW YORK—Upstate

rWTOW ClowiruniCS

3375 Brighton-Henrietta

Townline Rd.

Rochester, NY 14623

(716) 427-0300

TWX: 510 253 4766

Hamilton/Avnet

103 Twin Oaks Drive

Syracuse, NY 13206

(315)437-2641

TWX: 710 541 1506

Hamilton/Avnet

2060 Town Line Road

Rochester, NY 14623

(716)475-9130

TWX: 510 253 5470

Pioneer Northeast

68 Corporate Drive

Binghamton, NY 13904

(607) 722-9300

TWX: 510 252 0893

Pioneer Northeast

840 Fairport Rd.

Fairport, NY 14450

(716) 381-7070

TWX: 510 253 7001

Summit Electronics

916 Main Street

Buffalo, NY 14202

(716)887-2800

TWX: 710 522 1692

Summit Electronics

292 Commerce Drive

Rochester, NY 14623

(716)334-8110

Time Electronics

6075 Corporate Dr.

East Syracuse, NY 13057

(315)432-0355

TWX: 510 100 6192

NEW YORK—Metro Area

Arrow Electronics

20 Oser Ave.

Hauppauge, NY 11788

(516) 231-1000

TWX: 510 227 6623

Hamilton/Avnet

833 Motor Parkway

Hauppauge, NY 11788

(516)434-7413

Hamilton/Avnet Export Div.

1065 Old Country Rd., #211A

Westbury, NY 11590

(516) 997-6868

Anthem Electronics

400 Oser Ave.

Hauppauge. NY 11787

(516) 273-1660

TWX: 510 227 1042

Nu Horizons Electronics

6000 New Horizons Blvd.

Amityville, NY 11701

(516) 226-6000

Pioneer

60 Crossways Park West

Woodbury, NY 11797

(516) 921-8700

TWX: 710 326 6617

Time Electronics

70 Marcus Boulevard

Hauppauge, NY 11788

(515)273-0100

TWX: 858881

Zeus Components Inc., Reg 1

NY/ROCK/NJ/E PA/ CT

100 Midland Ave.

Port Chester. NY 10573

(914) 937-7400

Zeus Components Inc., Reg 1B

Long Island/NYC

2110 Smithtown Ave.

Ronkonkoma. NY 11779

(516) 737-4500

NORTH CAROLINA

Arrow Electronics

5240 Greens Dairy Rd.

Raleigh, NC 27604

(919) 876-3132

TWX: 510 928 1856

Arrow Electronics

938 Burke Street

Winston-Salem, NC 27101

(919)725-8711

TWX: 510 931 3169

Hamilton/Avnet

3510 Spring Forest Road

Raleigh, NC 27601

(919) 878-0810

TWX: 510 928 1836

Pioneer Technology

9801-A Southern Pine Blvd.

Charlotte, NC 28210

(704) 527-8188

TWX: 810 621 0366

Pioneer Technology

2810 Meridian Pkwy. #148

Durham, NC 27713

(919) 544-5400

OHIO

Arrow Electronics

7620 McEwen Rd.

Centerville, OH 45459

(513) 435-5563

TWX: 810 459 1611

Arrow Electronics

6238 Cochran Rd.

Solon, OH 44139

(216) 248-3990

TWX: 810 427 9409

Bell Industries

444 Windsor Park Drive

Dayton, OH 45459

(513) 435-8660

Bell Industries

Micro-Mil Division

118 Westpark Road

Dayton. OH 45459

(513) 434-8231

TWX: 810 459 1615

CAM/OHIO Electronics

749 Miner Road

Highland Heights, OH 44143

(216) 461-4700

TWx: 810 427 2976

Hamilton/Avnet

954 Senate Drive

Dayton, OH 45459

(513) 439-6700

TWX: 810 450 2531

Hamilton/Avnet

30325 Bainbridge Rd., Bldg. A

Solon, OH 44139

(216) 831-3500

TWX: 810 427 9452

Hamilton/Avnet

777 Brooksedge Blvd.

Westerville, OH 43081

(614) 882-7004

Pioneer Standard

4800 East 131st Street

Cleveland, OH 44105

(216) 587-3600

TWX: 810 422 2210

Pioneer Standard

4433 Interpoint Blvd.

Dayton, OH 45424

(513) 236-9900

TWX: 810 459 1683

Zeus Components Inc., Reg 3

Dayton (DESC)

2912 Springboro St., Ste. 106

Dayton, OH 45439

(513) 293-6162

OKLAHOMA

Arrow Electronics

12111 E. 51st Street

Tulsa, OK 74146

(918) 252-7537

Hamilton/Avnet

12121 East 51st St.

Suite 102A

Tulsa, OK 74146

(918) 252-7297

Quality Components

3158 South 108th East Ave.

Suite 274

Tulsa, OK 74146

(918) 664-8812

Radio Inc.

1000 South Main Street

Tulsa, OK 74119

(918) 587-9123

TWX: 49 2429

OREGON

Almac-Stroum Electronics

1885 N.W. 169th Place

Beaverton, OR 97006

(503) 629-8090

TWX: 910 467 8743

Anthem Electronics

9705 S.W. Sunshine Ct.

Suite 900

Beaverton, OR 97005

(503)643-1114

Arrow Electronics

1800 N.W 167th Place

Suite 145

Beaverton, OR 97006

(503) 645-6456

TWX: 910 464 0007

Bell Industries

6024 S.W. Jean Rd.

Lake Oswego, OR 97034

(503)241-4115

TWX: 910 455 8177

Hamilton/Avnet

6024 S.W. Jean Rd.

Bldg. C, Suite 10

Lake Oswego, OR 97034

(503) 635-7850

PENNSYLVANIA—Eastern

Arrow Electronics

650 Seco Rd.

Monroeville, PA 15146

(412) 856-7000

TWX: 710 797 3894

CAM/RPC IND Electronics

620 Alpha Drive

RIDC Park

Pittsburgh, PA 15238

(412) 782-3770

TWX: 710 795 3126

Hamilton/Avnet

2800 Liberty Ave.

Pittsburgh. PA 15227

(412) 281-4150



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Conned)

PENNSYLVANIA—Eastern

(Continued)

Anthem Electronics

355 Business Ctr. Drive

Horsham, PA 19044

(215) 443-5150

Pioneer Technology

261 Gibraltar Road

Horsham, PA 19044

(215)674-4000

TWX: 510 665 6778

Pioneer-Pittsburgh

259 Kappa Drive

Ridgepark

Pittsburgh, PA 15238

(412) 782-2300

TWX: 710 795 3122

Time Electronics

600 Clark Ave.

King of Prussia, PA 19406

(215) 337-0900

TWX: 845317

TENNESSEE

Bell Industries

Instate: (800) 752-2050

TEXAS

Arrow Electronics

3220 Commander Dr.

Carrollton, TX 75006

(214) 380-6464

TWX: 910 860 5377

Arrow Electronics

2227 West Braker Lane

Austin, TX 78758

(512) 835-4180

TWX: 910 874 1348

Arrow Electronics

10899 Kinghurst Dr.

Suite 100

Houston, TX 77099

(713) 530-4700

TWX: 910 880 439

Hamilton/Avnet

2111 West Walnut Hill Ln.

Irving, TX 75062

(214) 550-7755

TWX: 07 32359

Hamilton/Avnet

4850 Wright Road #190

Staford, TX 77477

(713) 240-7733

TWX: 910 881 5523

Hamilton/Avnet

1807A West Braker Lane

Austin, TX 78758

(512)837-8911

TWX: 910 874 1319

Pioneer Electronics

1826 Kramer Lane

Suite D

Austin, TX 78758

(512) 835-4000

Pioneer Standard

13710 Omega Road

Dallas, TX 75240

(214) 386-7300

TWX: 910 860 5563

Pioneer Electronics

5853 Point West Drive

Houston. TX 77036

(713) 988-5555

TWX: 910 881 1606

Quality Components

1005 Industrial Blvd.

Sugarland, TX 77478

(713) 240-2255

TWX: 910 881 7251

Quality Components

2120M Braker Lane

Austin, TX 78758

(512) 835-0220

TWX: 910 874 1377

Quality Components

4257 Kellway Circle

Addison, TX 75001

(214) 733-4300

TWX: 910 660 5459

Zeus Components Inc., Reg 7

TX, AR, OK, LA, KS, MO, IO, NE

1800 N. GlenvilleRd.

Richardson, TX 75081

(OAA\ 701 7010lcl4J fdo-fUlU

UTAH '

Anthem Electronics

1615 West 2200 South #A

Salt Lake City, UT 84119

(801) 973-8555

Arrow Electronics

1946 W. Parkway Blvd.

Salt Lake City, UT 84119

(801) 973-6913

Bell Industries

6912 S. 185 West #B

Midvale, UT 84047

(801)255-9611

Hamilton/Avnet

1585 West 2100 South

Salt Lake City, UT 84117

(801) 972-4300

TWX: 910 925 4018

WASHINGTON

Almac-Stroum Electronics

14360 S.E. Eastgate Way

Bellevue, WA 98007

(206) 643-9992

TWX: 910 444 2067

Anthem Electronics

5020 148th Ave. N.E.

Suite 103

Redmond, WA 98052

(206) 881-0850

TWX: 910 997 0118

Arrow Electronics

19450 68th Ave. South

Kent, WA 98032

(206) 575-4420

TWX: 910 444 2034

Hamilton/Avnet

17761 N.E. 78th Place Bid. C

Redmond, WA 98052

(206) 881-6697

WISCONSIN

Arrow Electronics

200 N. Patrick Blvd.

Brookfield, Wl 53005

(414) 792-0150

TWX: 910 262 1193

Bell Industries

W227 N913 Westmound Ave.

Waukesha, Wl 53186

(414) 547-8879

TWX: 910 262 1156

Hamilton/Avnet

20815 Crossroads Civ. #400

Waukesha, Wl 53186

(414) 784-4516

Taylor Electric

1000 West Donges Bay Road

Mequon, Wl 53092

(414) 241-4321

TWX: 910 262 3414

CANADA

Electro Sonic Inc.

1100 Gordon Baker Road

Willowdale, Ontario M2H 3B3

(416) 494-1666

TWX: 06 525295

Hamilton/Avnet

2550 Boundary Rd. #105

Burnaby. B.C., V5M 3Z0

(604) 437-6667

Hamilton/Avnet

2816 21st N.E.

Calgary, Alberta T2E 6Z2

(403) 250-9380

TWX: 03 827642

Hamilton/Avnet

2795 Rue Halpern

St. Laurent, Quebec H4S 1P8

(514) 335-1000

TWX: 610 421 3731

Hamilton/Avnet

6845 Redwood Drive 3, 4, 5

Mississauga, Ontario L4V 1T1

(416) 677-7432

TWX: 610 492 8667

Hamilton/Avnet

190 Colonnade Rd.

Nepean, Ontario K2E 7L5

(613)226-1700

TWX: 053 4971

Semad Electronics Ltd.

243 Place Frontenac

Pointe Claire, Quebec H9R 4Z7

(514) 694-0860

Semad Electronics Ltd.

8563 Government Street

Burnaby. B.C. V5G 4M1

(604) 420-9889

Semad Electronics Ltd.

75 Glendeer Dr. S.E. #210

Calgary, Alberta T2H 2S8

(403) 252-5664

Semad Electronics Ltd.

1827 Woodward Dr. #303

Ottawa, Ontario K2C 0R3

(613) 727-8325

Zentronics

8 Tilbury Ct

Brampton, Ontario L6T 3T4

(416) 451-9600

TWX: 06 97678

Zentronics

Edmonton Sales Office

Edmonton, Alberta T6N 1B2

(403) 468-8306

Zentronics

11400 Bridgeport Rd., Unit 108

Richmond, B.C. V6X 1T2

(604)273-5575 .

TWX: 04 355844

Zentronics

155 Colonade Rd. So.

Units 17 & 18

Nepean, Ontario K2E 7K1

(613) 226-8840

Zentronics

817 McCaffrey St

Ville St. Laurent, Quebec H4T 1N3

(514) 737-9700

Zentronics

93-1313 Border St.

Winnipeg, Manitoba R3H 0X4

(204)694-1957

Zentronics

Saskatoon Sales Office

Saskatoon, Alberta R3H 0X4

(306) 955-2207

Zentronics

6815 8th St. N.E.

Suite 100

Calgary, Alberta T2E7H7

(403) 272-1021

TWX: 04 355844



SALES OFFICES

ALABAMA

Huntsville

(205) 837-8960

(205)721-9367

ARIZONA

Tempe

(602) 966-4563

B.C.

Burnaby

(604)435-8107

CALIFORNIA

Encino

(818)888-2602

Inglewood

(213)645-4226

Roseville

(916)786-5577

San Diego

(619)587-0666

Santa Clara

(408) 562-5900

Tustin

(714)259-8880

Woodland Hills

(818)888-2602

COLORADO

Boulder

(303) 440-3400

Colorado Springs

(303)578-3319

Englewood

(303) 790-8090

CONNECTICUT

Fairfield

(203)371-0181

Hamden

(203)288-1560

FLORIDA

Boca Raton

(305) 997-8133

Orlando

(305)629-1720

St Petersburg

(813)577-1380

GEORGIA

Atlanta

(404)396-4048

Norcross

(404)441-2740

ILLINOIS

Schaumburg

(312)397-8777

INDIANA

Carmel

(317)843-7160

Fort Wayne

(219)484-0722

IOWA

Cedar Rapids

(319)395-0090

KANSAS

Overland Park

(913)451-8374

MARYLAND

Hanover

(301)796-8900

MASSACHUSETTS

Burlington

(617)273-3170

Waltham

(617)890-4000

MICHIGAN

W. Bloomfield

(313)855-0166

MINNESOTA

Bloomington

(612)835-3322

(612) 854-8200

NEW JERSEY

Paramus

(201)599-0955

NEW MEXICO

AlbuQuerque

(505) 884-5601

NEW YORK

Endicott

(607) 757-0200

Fairport
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