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RCA Advanced CMOS Logic

Integrated Circuits

This Data Book contains detailed technical
information on the broad line of RCA AC/ACT series
of Advanced CMOS Logic integrated circuits. These
products match bipolar FAST* in speed, performance,
and logic-type output drive, but at CMOS power
levels.

The first section, Product Selectors, supplies a
complete index to devices, selection guide,
classification chart, cross-reference guide, packages,
and ordering information.

Subsequent sections provide a complete, detailed
discussion of Advanced CMOS Logic including
Technical Overview, System Design, and a description
of AC/ACT Behavioral Models, called SmartModels**,
available to system design engineers for use in board-
level simulations. The discussion also covers Printed-
Circuit-Board Design using AC/ACT devices, AC/ACT
Reliability, and the availability of Enhanced Product.

The Technical Data section provides definitive ratings
and characteristics data for individual types in the
RCA AC/ACT Advanced CMOS Logic product line.

The Military and Aerospace ICs section covers the
AC/ACT types that are processed and screened in
accordance with military and internal high-reliability
specifications to meet the demands of modern
military, aerospace, and critical industrial and
scientific applications.

Next, the new RCA FCT Bus-Interface Family of
products for use with modern high-speed backplanes
are introduced. Features, benefits, ratings and
characteristics, output capabilities, and preliminary
switching-speed limits are provided.

The Data Book also contains Dimensional Outlines
and Application Notes on the RCA AC/ACT and FCT
families of products.

*FAST is a Registered Trademark of Fairchild Semiconductor.Corp.
**SmartModel is a Registered Trademark of Logic Automation, Inc.
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AProduct Selectors

Index to Devices

CMOS-Compatible Logic TTL-Compatible Logic " "
Plastic Pkg.t Chip T Plastic Pkg.t chipt__| e Description Pins
CD74AC00E/M CD54AC00H | CD74ACTOOE/M | CD54ACTOOH 74 |Quad 2-Input NAND Gate 14
CD74AC02E/M CD54AC02H | CD74ACTO2E/M | CD54ACTO2H 78 | Quad 2-Input NOR Gate 14
CD74AC04E/M CD54AC04H | CD74ACTO4E/M | CD54ACTO4H 82 | Hex Inverter/Buffer 14
CD74ACO5E/M CD54AC05H | CD74ACTOSE/M | CD54ACTO5H 82 |Hex Inverter/Buffer with Open-Drain
Outputs 14
CD74ACO08E/M CD54AC08H | CD74ACTO8E/M | CD54ACTO8H 86 [Quad 2-Input AND Gate 14
CD74AC10E/M CD54AC10H | CD74ACT10E/M | CD54ACT10H 90 | Triple 3-Input NAND Gate 14
CD74AC14E/M CD54AC14H | CD74ACT14E/M | CD54ACT14H 95 [Hex Inverting Schmitt Trigger 14
CD74AC20E/M CDS4AC20H | CD74ACT20E/M | CD54ACT20H | 100 |Dual 4-Input NAND Gate 14
CD74AC32E/M CD54AC32H | CD74ACT32E/M | CD54ACT32H | 105 |Quad 2-Input OR Gate 14
CD74AC74E/M CD54AC74H | CD74ACT74E/M | CD54ACT74H | 109 |Dual D Flip-Flop w/Set and Reset 14
CD74AC86E/M CD54AC86H | CD74ACT86E/M | CD54ACT86H | 115 [Quad 2-Input Exclusive-OR Gate 14
CD74AC109E/M | CD54AC109H | CD74ACT109E/M | CD54ACT109H | 119 {Dual J-K Flip-Flop w/Set and Reset 16
CD74AC112E/M | CD54AC112H | CD74ACT112E/M | CD54ACT112H| 119 |Dual J-K Flip-Flop w/Set and Reset 16
CD74AC138E/M | CD54AC138H | CD74ACT138E/M | CD54ACT138H| 126 |3-to-8-Line Decoder/Demultiplexer,
Inverting 16
CD74AC139E/M | CD54AC139H | CD74ACT139E/M | CD54ACT139H| 132 [Dual 2-to-4 Line Decoder/
Demultiplexer 16
CD74AC151E/M | CDS4AC151H | CD74ACT151E/M | CDS4ACT151H | 137 (8-Input Multiplexer 16
CD74AC153E/M | CD54AC153H | CD74ACT153E/M | CDS4ACT153H |- 143 |Dual 4-Input Multiplexer 16
CD74AC157E/M | CD54AC157H | CD74ACT157E/M | CD54ACT157H| 149 |Quad 2-Input Multiplexer 16
CD74AC158E/M | CD54AC158H | CD74ACT158E/M | CDS4ACT158H| 149 |Quad 2-Input Multiplexer, Inverting 16
CD74AC161E/M | CD54AC161H | CD74ACT161E/M | CD54ACT161H| 155 |Synchronous 4-Bit Binary Counter,
Asynchronous Reset 16
CD74AC163E/M | CDS4AC163H | CD74ACT163E/M | CDS4ACT163H| 155 |Synchronous 4-Bit Binary Counter,
Synchronous Reset 16
CD74AC164E/M | CD54AC164H | CD74ACT164E/M | CDS4ACT164H| 164 [8-Bit Serial-In Parallel-Out Shift
Register 14
CD74AC174E/M | CD54AC174H | CD74ACT174E/M | CD54ACT174H| 170 |Hex D-Type Flip-Flop w/Reset 16
CD74AC175E/M | CD54AC175H | CD74ACT175E/M | CD54ACT175H| 176 |Quad D-Type Flip-Flop w/Reset 16
CD74AC191E/M | CDS4AC191H | CD74ACT191E/M | CDS4ACT191H| 182 {Synchronous 4-Bit Binary Up/Down
Counter 16
CD74AC193E/M | CD54AC193H | CD74ACT193E/M | CD54ACT193H| 191 |Synchronous 4-Bit Binary Up/Down
Counter 16
CD74AC238E/M | CD54AC238H | CD74ACT238E/M | CD54ACT238H | 126 |3-to-8-Line Decoder/ Demultipiexer | 16
CD74AC240E/M | CD54AC240H | CD74ACT240E/M | CDS4ACT240H | 200 |Octal Buffer Line Driver, 3-State,
Inverting 20
CD74AC241E/M | CD54AC241H | CD74ACT241E/M | CDS4ACT241H| 200 |Octal Buffer/Line Driver, 3-State 20
CD74AC244E/M | CD54AC244H | CD74ACT244E/M | CDS54ACT244H |- 200 | Octal-Buffer/Line Driver, 3-State 20
CD74AC245E/M | CD54AC245H | CD74ACT245E/M | CD54ACT245H| 206 |Octal-Bus Transceiver, 3-State 20
CD74AC251E/M | CD54AC251H | CD74ACT251E/M | CDS54ACT251H| 212 |8-Input Multiplexer, 3-State 16
CD74AC253E/M | CDS4AC253H | CD74ACT253E/M | CD54ACT253H | 218 |Dual 4-Input Multiplexer, 3-State 16
CD74AC257E/M | CD54AC257H | CD74ACT257E/M | CDS4ACT257H| 224 |Quad 2-Input Multiplexer, 3-State 16
CD74AC258E/M | CD54AC258H | CD74ACT258E/M | CD54ACT258H| 224 [Quad 2-Input Multiplexer, 3-State 16
CD74AC273E/M | CD54AC273H | CD74ACT273E/M | CDS4ACT273H| 230 | Octal D-Type Flip-Flop w/Reset 20
CD74AC280E/M | CD54AC280H | CD74ACT280E/M | CD54ACT280H| 236 |8-Bit Odd/Even Parity
Generator/Checker 14
CD74AC283E/M | CD54AC283H | CD74ACT283E/M | CD54ACT283H| 240 |4-Bit Full Adder w/Fast Carry 16
CD74AC297E/M | CD54AC297H | CD74ACT297E/M | CDS4ACT297H| 244 |Digital Phase-Locked Loop 16
CD74AC299E/M | CDS4AC299H | CD74ACT299E/M | CDS4ACT299H | 251 |8-Bit Universal Shift Register,
3-State 20
CD74AC323E/M | CD54AC323H | CD74ACT323E/M | CD54ACT323H| 251 |8-Bit Universal Shift Register,
3-State, (With Synchronous Reset) 20
CD74AC373E/M | CD54AC373H | CD74ACT373E/M | CD54ACT373H| 260 |Octal Transparent Latch, 3-State 20
CD74AC374E/M | CD54AC374H | CD74ACT374E/M | CDS4ACT374H| 267 |Octal D Flip-Flop, 3-State 20
CD74AC533E/M | CD54AC533H | CD74ACT533E/M | CDS4ACTS533H| 260 |Octal Transparent Latch, 3-State,
Inverting 20
CD74AC534E/M | CD54ACS534H | CD74ACT534E/M | CD54ACT534H | 267 |Octal D Flip-Flop, 3-State, Inverting 20
CD74AC540E/M | CD54ACS540H | CD74ACT540E/M | CD54ACT540H| 274 | Octal Buffer/Line Driver, 3-State,
- Inverting 20
CD74AC541E/M | CD54ACS541H | CD74ACT541E/M | CD54ACT541H| 274 | Octal Buffer/Line Driver, 3-State 20
CD74AC563E/M | CD54ACS63H | CD74ACT563E/M | CD54ACTS63H | 280 |Octal Inverting Transparent Latch,
3-State 20
CD74AC564E/M | CD54AC564H | CD74ACT564E/M | CD54ACTS564H [ 287 | Octal D-Type Flip-Flop, 3-State,
Inverting . 20
CD74ACS573E/M | CD54ACS573H | CD74ACT573E/M | CD54ACT573H| 280 | Octal Transparent Latch, 3-Stat 20
CD74AC574E/M | CD54AC574H | CD74ACTS74E/M | CD54ACTS574H| 287 |Octal D-Type Flip-Flop, 3-State 20




Product Selectors

Index to Devices (Cont'd)
CMOS-Compatible Logic TTL-Compatibie Logic »
Piastic Pkg.T Chip T Plastic Pkg.t chipt | "9° Description Pins
CD74AC623E/M | CD54AC623H |CD74ACT623E/M | CD54ACT623H | 294 |Octal-Bus Transceiver, 3-State, | -
Non-Inverting 20
CD74ACB46EN/M| CD54AC646H | CD74ACTB46EN/M| CDS4ACT646H | 300 |Octal Bus Transceiver/Register,
’ 3-State 24

CD74AC647EN/M| CD54AC647H | CD74ACT647EN/M| CD54ACT647H | 307 |Octal-Bus Transceiver/Register
with Open Drain, Non-Inverting 24
CD74AC648EN/M| CD54AC648H | CD74ACT648EN/M| CD54ACT648H | 300 |Octal Bus Transceiver/Register,

3-State, Inverting 24
CD74ACB649EN/M| CD54AC649H {CD74ACTE49EN/M| CDS4ACTE49H | 307 | Octal-Bus Transceiver/Register .
with Open Drain, Inverting 24
CD74AC651EN/M| CD54AC651H [ CD74ACT651EN/M| CD54ACT651H | 314 |Octal-Bus Transceiver/Register,
3-State, Inverting 24
CD74AC652EN/M| CD54AC652H |CD74ACT652EN/M| CD54ACT652H | 314 | Octal-Bus Transceiver/Register,
3-State, Non-Inverting 24

CD74AC653EN/M| CD54AC653H | CD74ACT653EN/M| CD54ACT653H | 321 |Octal-Bus Transceiver/Register;
Open-Drain (A Side); 3-State
(B Side); Inverting 24

CD74AC654EN/M | CD54AC654H | CD74ACT654EN/M| CDS4ACT654H | 321 | Octal-Bus Transceiver/Register;
’ Open-Drain (A Side); 3-State

(B Side); Non-Inverting 24

CD74AC7060E/M | CD54AC7060H| CD74ACT7060E/M | CDS4ACT7060H| 329 [ 14-Stage Binary Counter with
) Oscillator 20

CD74AC7061E/M | CD54AC7061H|CD74ACT7061E/M | CD54ACT7061H| 329 |14-Stage Binary Counter with
Oscillator 20
CD74AC7201E/M | CD54AC7201H|CD74ACT7201E/M | CD54ACT7201H| 335 |512 x 9-Bit Parallel FIFO 28
CD74AC7202E/M | CD54AC7202H| CD74ACT7202E/M | CO54ACT7202H| 335 }1024 x 9-Bit Parallel FIFO 28

CD74ACT7623E/M | CD54AC7623H| CD74ACT7623E/M | CD54ACT7623H| 336 |Octal-Bus Transceiver, 3-State
(B Side), Open-Drain (A Side),

’ . Non-Inverting 20
— — CD74ACT7651EN/M| CD54ACT7651H| 342 |Octal-Bus Transceiver/Register,
) 3-State, Inverting 24

tPackage Suffix
E - Dual-In-Line Plastic
EN - Dual-In-Line Narrow-Body Plastic
M - Smalil-Outline Plastic
H - Chip
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Product Selection Guide

Type
CD54/74

AC/ACTOQ0
AC/ACTO2
AC/ACT10
AC/ACT20

AC/ACTO08
AC/ACT32
AC/ACTS86

AC/ACTO04

AC/ACTO05

AC/ACT240
AC/ACT241
AC/ACT244
AC/ACT540
AC/ACT541

AC/ACT74
AC/ACT109
AC/ACT112
AC/ACT174
AC/ACT175
AC/ACT273
AC/ACT374
AC/ACT534
AC/ACT564
AC/ACT574

AC/ACT164
AC/ACT299
AC/ACT323
AC/ACT7201
AC/ACT7202

AC/ACT280
AC/ACT283

AC/ACT161
AC/ACT163
AC/ACT191
AC/ACT193
AC/ACT7060
AC/ACT7061

AC/ACT138
AC/ACT139
AC/ACT151
AC/ACT153
AC/ACT157
AC/ACT158
AC/ACT238
AC/ACT251
AC/ACT253
AC/ACT257
AC/ACT258

Function/Description
NAND/NOR Gates

Quad 2-Input NAND Gate
Quad 2-Input NOR Gate
Triple 3-Input NAND Gate
Dual 4-Input NAND Gate

AND/OR/EXCLUSIVE-OR Gates

Quad 2-Input AND Gate ‘
Quad 2-Input OR Gate
Quad 2-Input EXCLUSIVE-OR Gate

Inverters/Buffers/Bus Drivers

Hex Inverter/Buffer

Hex Inverter/Buffer with Open-Drain Outputs
Octal Buffer/Line Driver; 3-State; inverting
Octal Buffer/Line Driver; 3-State

Octal Buffer/Line Driver; 3-State

Octal Buffer/Line Driver; 3-State; Inverting
Octal Buffer/Line Driver; 3-State

Flip-Flops

Dual D-Type Flip-Flop with Set and Reset; Positive-Edge Trigger
Duat JK Flip-Flop with Set and Reset; Positive-Edge Trigger
Dual JK Flip-Flop with Set and Reset; Negative-Edge Trigger
Hex D-Type Flip-Flop with Reset; Positive-Edge Trigger

Quad D-Type Flip-Flop with Reset; Positive-Edge Trigger

Octal D-Type Flip-Flop with Reset; Positive-Edge Trigger

Octal D-Type Flip-Flop; Positive-Edge Trigger; 3-State

Octal D-Type Flip-Flop; Positive-Edge Trigger; 3-State; Inverting
Octal D-Type Flip-Flop; Positive-Edge Trigger; 3-State; Inverting
Octal D-Type Flip-Flop; Positive-Edge Trigger; 3-State

Shift/FIFO Buffer/Multiport Registers
8-Bit Serial-In/Parallel-Out Shift Register

8-Bit Universal Shift/Storage Register; 3-State; Asynchronous Reset

8-Bit Universal Shift/Storage Register; 3-State; Synchronous Reset
512 x 9-Bit Parallel FIFO
1024 x 9-Bit Parallel FIFO

Arithmetic Circuits

9-Bit Odd/Even Parity Generator/Checker
4-Bit Full Adder with Fast Carry

Counters

Presettable Synchronous 4-Bit Binary Counter; Asynchronous Reset
Presettable Synchronous 4-Bit Binary Counter; Synchronous Reset

Presettable Synchronous 4-Bit Binary Up/Down Counter

Presettable Synchronous 4-Bit Binary Up/Down Counter with Reset

14-Stage Binary Ripple Counter with Oscillator -
14-Stage Binary Ripple Counter with Oscillator

Digital Multiplexers/Demultiplexers

3-to-8-Line Decoder/Demultiplexer; Inverting
Dual 2-to-4-Line Decoder/Demultiplexer
8-Input Multiplexer

Dual 4-Input Multiplexer

Quad 2-Input Multiplexer

‘Quad 2-Input Multiplexer; Inverting

3-to-8-Line Decoder/Demultiplexer

8-Input Multiplexer; 3-State

Dual 4-Input Multiplexer; 3-State

Quad 2-Input Multiplexer; 3-State; Non-Inverting Outputs
Quad 2-Input Multiplexer; 3-State; Inverting Outputs

Classification -

SSl
SSI
S8I
Ssli

SSi
SSli
Ssli

SSi
Ssi
MSI
MsSI
MSI
MSI
MSI

FF

FF

FF
MSl
MSI
(VEY
(VY
MSI
V&Y
mSI

MSI
MSI
MSI
MSI
MSi

MSI
MSI

MSI
MS!
MSI
MSI
MSI
MSI

MSI
MSI
MSI
MSI
MSI
MSI
MSI
MSI
MSI
MSi
MSI

Page

74
78
90
100

86
105
115

82
82
200
200

274
274

109
119
119
170
176
230
267
267
287
287

164
251
251
335
335

236
240

155
155
182
191
329
329

126
132
137
143
149
149
126
212
218
224
224




Type
CD54/74

AC/ACT138
AC/ACT139
AC/ACT238

AC/ACT245
AC/ACT623
AC/ACT646
AC/ACT647
AC/ACT648
AC/ACT649
AC/ACTE51
AC/ACT852
AC/ACTE53

AC/ACT654
AC/ACT7623
ACT7651
AC/ACT14

AC/ACT373
AC/ACT533
AC/ACT563
AC/ACT573

AC/ACT297

Product Selection Guide (Cont'd)

Function/Description

Decoders/Encoders

3-to-8-Line Decoder/Demultiplexer; Inverting
Dual 2-to-4-Line Decoder/Demultipiexer
3-to-8-Line Decoder/Demultiplexer

Bus Transceivers

Octal-Bus Transceiver; 3-State

Octal-Bus Transceiver; 3-State

Octal-Bus Transceiver/Register; 3-State

Octal-Bus Transceiver/Register with Open Drain
Octal-Bus Transceiver/Register; 3-State; Inverting
Octal-Bus Transceiver/Register with Open Drain; Inverting
Octal-Bus Transceiver/Register; 3-State; Inverting
Octal-Bus Transceiver/Register; 3-State

Octal-Bus Transceiver/Register; Open-Drain (A Side);
3-State (B Side); Inverting

Octal-Bus Transceiver/Register; Open-Drain (A Side)
3-State (B-Side)

Octal-Bus Transceiver; 3-State (B Side); Open-Drain (A Side)
Octal-Bus Transceiver/Register; 3-State; Inverting

Schmitt Trigger
Hex Inverting Schmitt Trigger
Latches

Octal Transparent Latch; 3-State
Octal Transparent Latch; 3-State; Inverting
Octal Transparent Latch; 3-State; Inverting
Octal Transparent Latch; 3-State

Phase-Locked Loop
Digital Phase-Locked Loop

Product Selectors

Classification

MSI
MSI
MSI

MSI
MSI
MSI
MSI
MSI
MSI
MSI
MSI

MSI
MSI

MSI
MSI

Ssi

MSI
MSI
MSI!
MSI

MSI

Page

126
132
126

206
294
300
307
300
307
314
314

321
321

336
342

95

260
260
280
280

244
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Product Classification Chart

GATES MULTIVIBRATORS
Single-level Muiti-level Flip-Flops/Latches
OR/AND/ Buffers Bus Decoders/ Schmitt
NOR/NAND Exclusive-OR | Line-Drivers | Drivers Encoders Trigger Flip-Flops Latches
CD54/74AC/ACT CD54/74/AC/ACT CD54/74AC/ACT
AC/ACTO02 AC/ACTO0 AC/ACT08 | AC/ACT240 | AC/ACT240 | AC/ACT138 | AC/ACT14 AC/ACT74 | AC/ACT373
AC/ACT10 AC/ACT32 | AC/ACT241 | AC/ACT241 | AC/ACT139 AC/ACT109 | AC/ACT533
AC/ACT20 AC/ACT86 | AC/ACT244 { AC/ACT244 | AC/ACT238 AC/ACT112 | AC/ACTS63
AC/ACT540 | AC/ACT540 AC/ACT174 | AC/ACTS573
AC/ACTS541 | AC/ACT541 AC/ACT175
AC/ACT273
AC/ACT374
AC/ACT534
AC/ACT564
AC/ACT574
Inverters
AC/ACT04
AC/ACTO05e
REGISTERS COUNTERS PHASE-
FIFO g MULTIPLEXERS/ INTERFACE ARITHMETIC LOCKED
Shift Buffer Synchronous | DEMULTIPLEXERS CIRCUITS CIRCUITS LOOP
CD54/74AC/ACT CD54/74AC/ACT | CD54/74AC/ACT | CD54/74AC/ACT CD54/74AC/ACT
AC/ACT164 AC/ACT7201 AC/ACT161 AC/ACT138 Bus Adders/ AC/ACT297
AC/ACT299 AC/ACT7202 AC/ACT163 AC/ACT139 Transceivers Comparators
AC/ACT323 AC/ACT191 AC/ACT151
AC/ACT193 AC/ACT153 AC/ACT245 AC/ACT283
AC/ACT7060 AC/ACT157 AC/ACT623
AC/ACT7061 AC/ACT158 AC/ACT646
AC/ACT238 AC/ACT647
AC/ACT251 AC/ACT648
AC/ACT253 AC/ACT649e
AC/ACT257 AC/ACT651
AC/ACT258 AC/ACT652 Parity
AC/ACTE53@ Generator/
AC/ACT654@ Checker
AC/ACT7623e
AC/ACT7651 AC/ACT280

® Open Drain (one side)
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Cross-Reference Guide

Industry Type RCA Replacement Type Industry Type RCA Replacement Type
74ACO0P CD74A0CO00E 74AC00S CD74AC0O0OM
74ACO2P CD74ACO02E 74AC02S CD74ACO2M
74AC04P CD74ACO04E 74AC04S CD74AC04M
T4ACO5P CD74ACO5E 74AC05S CD74AC05M
74ACO08P CD74ACO08E 74AC08S CD74AC08M
74AC10P CD74AC10E 74AC10S CD74AC10M
74AC14P CD74AC14E 74AC14S CD74AC14M
74AC20P CD74AC20E 74AC20S CD74AC20M
74AC32P CD74AC32E 74AC32S CD74AC32M
74AC74P CD74AC74E 74AC74S CD74AC74M
7T4AC86P CD74ACS86E 74AC86S CD74AC86M
74AC109P CD74AC109E 74AC109S CD74AC109M

- T4AC112P CD74AC112E 74AC112S CD74AC112M
74AC138P CD74AC138E 74AC138S CD74AC138M
74AC139P CD74AC139E 74AC139S CD74AC139M
74AC151P CD74AC151E 74AC1518 CD74AC151M
74AC153P CD74AC153E 74AC153S CD74AC153M
74AC157P CD74AC157E 74AC157S CD74AC157M
74AC158P CD74AC158E 74AC158S CD74AC158M
74AC161P CD74AC161E 74AC161S CD74AC161M
74AC163P CD74AC163E 74AC163S CD74AC163M
74AC164P CD74AC164E 74AC164S CD74AC164M
74AC174P CD74AC174E 74AC174S - CD74AC174M
7T4AC175P CD74AC175E 74AC175S CD74AC175M
74AC191P CD74AC191E 74AC191S CD74AC191M
74AC193P CD74AC193E 74AC193S CD74AC193M
74AC238P CD74AC238E 74AC238S CD74AC238M
74AC240P CD74AC240E 74AC240S CD74AC240M
7T4AC241P CD74AC241E 74AC241S CD74AC241M
74AC244P CD74AC244E 74AC244S . CD74AC244M
74AC245P CDT74AC245E 74AC245S CD74AC245M
T4AC251P CD74AC251E 74AC251S CD74AC251M
7T4AC253P CD74AC253E 74AC253S CD74AC253M
74AC257P CD74AC257E 74AC257S CD74AC257TM
74AC258P CD74AC258E 74AC258S CD74AC258M
7T4AC273P CD74AC273E 74AC273S CD74AC273M
74AC280P CD74AC280E 74AC280S CD74AC280M

74AC283P CD74AC283E 74AC283S CD74AC283M
74AC299P CD74AC299E 74AC299S CD74AC299M
74AC323P CD74AC323E T4AC323S CD74AC323M
7T4AC373P CD74AC373E 74AC373S CD74AC373M
74AC374P CD74AC374E 74AC374S CD74AC374M
74AC533P CD74ACS533E 74AC533S CD74AC533M
T4AC534P CD74ACS34E 74AC534S CD74AC534M
74AC540P CD74AC540E 74AC540S CD74AC540M
7T4AC541P CD74ACS541E 74AC541S CD74AC541M
74AC563P CD74AC563E 74AC563S CD74AC563M
74AC564P CD74ACS564E 74AC564S CD74AC564M
74AC573P CD74AC573E 74AC573S CD74AC573M
74AC574P CD74AC574E 74AC574S CD74ACS574M
74AC623P CD74AC623E 74AC623S CD74AC623M
74AC646P CD74AC646EN 74AC646S CD74AC646M
74ACB47P CD74AC647EN 74AC647S CD74AC647M
74AC648P CD74ACB48EN 74AC648S CD74AC648M
T4AC649P CD74AC649EN 74AC649S CD74AC649M
74ACB51P CD74AC651EN 74AC651S CD74AC651M
74AC652P CD74AC652EN 74AC652S CD74AC652M
74AC653P CD74AC653EN 74AC653S CD74AC653M
74ACB54P CD74AC654EN 74AC654S CD74AC654M
74ACT7060P CD74AC7060EN 74AC7060S CD74AC7060M
74AC7201P CD74AC7201E 74AC7201S CD74AC7201M
74AC7202P CD74AC7202E 74AC7202S CD74AC7202M
74AC7623P CD74AC7623E 74AC7623S CD74AC7623M
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Cross-Reference Guide

Industry Type RCA Replacement Type Industry Type RCA Replacement Type
74ACTOOP CD74ACTOOE 74ACTO00S CD74ACTOOM
74ACTO2P - CD74ACTO2E 74ACTO02S CD74ACTO2M
74ACTO4P CD74ACTO4E 74ACT04S CD74ACT04M
T4ACTO5P CD74ACTOSE 74ACTO5S CD74ACTOSM
74ACTO8P CD74ACTO8E 74ACTO08S CD74ACTO8M
74ACT10P CD74ACT10E 74ACT10S CD74ACT10M
74ACT14P CD74ACT14E 74ACT14S CD74ACT14M
7T4ACT20P CD74ACT20E 74ACT20S CD74ACT20M
74ACT32P CD74ACT32E 74ACT32S CD74ACT32M
74ACT74P CD74ACT74E 74ACT74S CD74ACT74M
74ACT86P CD74ACT86E 74ACT86S CD74ACT86M
74ACT109P CD74ACT109E 74ACT109S CD74ACT109M
74ACT112P CD74ACT112E 74ACT112S CD74ACT112M
74ACT138P CD74ACT138E 74ACT138S CD74ACT 138M
74ACT139P CD74ACT139E 74ACT139S CD74ACT139M
T4ACT151P CD74ACT151E 74ACT151S - CD74ACT151M
74ACT153P CD74ACT153E 74ACT153S CD74ACT153M
T4ACT157P CD74ACT157E 74ACT157S CD74ACT157M
74ACT158P CD74ACT158E 74ACT158S CD74ACT158M
74ACT161P CD74ACT161E 74ACT161S CD74ACT161M
74ACT163P CD74ACT163E 74ACT163S . CD74ACT163M
74ACT164P CD74ACT164E 74ACT164S CD74ACT164M
74ACT174P GCD74ACT174E T4ACT174S CD74ACT174M
74ACT175P CD74ACT175E 74ACT175S - CD74ACT175M
74ACT191P CD74ACT191E 7T4ACT191S CD74ACT191M
74ACT193P CD74ACT193E 74ACT193S CD74ACT193M
74ACT238P CD74ACT238E 74ACT238S CD74ACT238M
TAACT240P . CD74ACT240E 74ACT240S CD74ACT240M
74ACT241P CD74ACT241E 74ACT241S CD74ACT241M
74ACT244P CD74ACT244E 74ACT244S CD74ACT244M
74ACT245P CD74ACT245E 74ACT245S8 CD74ACT245M
74ACT251P CD74ACT251E 74ACT2518 CD74ACT251M
T4ACT253P CD74ACT253E 74ACT253S" CD74ACT253M
74ACT257P CD74ACT257E 74ACT257S CD74ACT257TM
74ACT258P CD74ACT258E 74ACT258S. CD74ACT258M
74ACT273P CD74ACT273E 74ACT273S CD74ACT273M
74ACT280P CD74ACT280E 74ACT280S CD74ACT280M
74ACT283P CD74ACT283E 74ACT283S CD74ACT283M
74ACT299P CD74ACT299E 74ACT299S CD74ACT299M
74ACT323P CD74ACT323E 74ACT323S CD74ACT323M
74ACT373P CD74ACT373E 74ACT373S CD74ACT373M
74ACT374P CD74ACT374E 74ACT374S CD74ACT374M
74ACT533P CD74ACTS533E 74ACT533S CD74ACT533M
7TAACT534P CD74ACT534E 74ACTS534S8 CD74ACT534M
74ACT540P CD74ACT540E 74ACT540S CD74ACT540M
74ACT541P CD74ACT541E 74ACT5418 CD74ACT541M
74ACT563P CD74ACT563E 74ACT563S " CD74ACTS563M
74ACT564P CD74ACT564E 74ACT564S CD74ACT564M
T4ACTS573P - CD74ACTS573E 74ACT573S CD74ACT573M
74ACTS74P CD74ACTS574E 74ACT574S CD74ACT574M
74ACT623P CD74ACT623E 74ACT623S CD74ACT623M
74ACT646P CD74ACT646EN T4ACT646S CD74ACT646M
74ACT647P CD74ACT647EN 74ACT647S CD74ACT647M
74ACT648P CD74ACT648EN 74ACT648S CD74ACT648M
74ACT649P CD74ACT649EN 74ACT649S CD74ACT649M
74ACT651P CD74ACT651EN 74ACT651S CD74ACT651M
74ACT652P CD74ACT652EN 74ACT652S CD74ACT652M
74ACT653P CD74ACT653EN 74ACT6E53S CD74ACT653M
74ACT654P CD74ACT654EN 74ACT654S CD74ACT654M
74ACT7060P CD74ACT7060E 74ACT7060S CD74ACT7060M
74ACT7201P CD74ACT7201E T4ACT7201S CD74ACT7201M
74ACT7202P CD74ACT7202E 74ACT7202S CD74ACT7202M
74ACT7623P CD74ACT7623E 74ACT7623S CD74ACT7623M
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Packages

Typical Dual-In-Line Typical SO (Small Outline)
Plastic Package Plastic Package

Ordering Information

CcD 74AC 245 E X
RCA Advanced CMOS Digital Logic | J
Temperature Range Family _
74AC = Commercial Advanced CMOS Special Variation
54AC = Military Advanced CMOS X = Burn-in
74ACT = Commercial TTL-Compatible
Advanced CMOS
54ACT = Military TTL-Compatible
Advanced CMOS
Device Type
Package Code
E = Plastic DIP
EN = Narrow-Body 24-Lead Plastic DIP
H=Chip -

M = Small Outline

Temperature Range
All packages when properly derated can be operated from -55 to +125°C.
At low temperature, limit for E and M packages is -55°C.

Package Outlines
The package outlines indicated above are shown in the dimensional outlines section.

"
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FEATURES

The RCA AC/ACT series of Advanced High-Speed CMOS
Integrated Circuits is comprised of a broad range of fogic
types equivalent in performance and speed to FAST, AS
(Advanced Schottky), and S (Schottky) bipolar types, but
superior in that they require substantially less power in logic

AC/ACT Family Features

Following is a listing of the features of the AC/ACT family of

logic devices.

s Functionally and pin-compatible with industry 54 and 74
bipolar types in the FAST, AS, and S series

s CMOS rail-to-rail output swing for maximum noise

operations. Each CMOS circuit function is offered in two margins
basic logic series, as follows: = Fanout (over temperature):
1. CD54/T4ACTXXX-series types. These types feature fgogAg?CCLl‘oads
TTL input-voltage-level compatibility and, using the 18 AS Loagg S

same standardized pin-outs, provide reduced power-
consumption alternatives to the very high power con-
sumption of the FAST, AS, and S bipolar logic series
types.

2. CD54/74ACXXX-series types. These types feature
CMOS input-voltage-level compatibility and, using the
same standardized pin-outs, provide enhanced sys-
tem performance (better system noise margin) at
speeds similar to those of FAST, AS, and S logic ser-
ies types.

The AC/ACT family consists of a comprehensive set of octal
buffers, octal latches, octal flip-flops, octal transceivers in
both the classic 200-series pin-out and the newer 500-series
flow-through pin-out. In addition, selected SSI inverters,
gates, flip-flops, Schmitt triggers, plus selected MSI coun-
ters, registers, multiplexers, decoders, arithmetic functions,
and FIFOs are included for well over 100 circuits, in both
the ACT and AC series; more types are planned.

» Wide operating-temperature ranges:
Plastic (DIP) and Small-Outline 74 series: -55 to +125°C
chip-form 54 series: -55 to +125°C
NOTE: FAST, AS and S 74 series types are rated for only
01to +70°C

= Balanced propagation and output transition times

m Significant power reduction compared to FAST, AS, and
S TTL logic, resulting in improved equipment reliability

m Outputs reliably drive 50-ohm lines (at 85°C) and 75-
ohms lines (at 125°C) without need for terminations

n Meets JEDEC Standard No. 20; presently, in draft (non-
issued) form

m Octal types have typically a 1-voit peak (DIP package)
simultaneous switching-voltage transient, similar to FAST
series. Peak is typically 0.8 voit in the small-outline
package.

m CMOS input compatible

Table I. Performance Comparison of AC/ACT and FAST Logic Functions.

Characteristic 74 Serles AC/ACT 74 Serles FAST
1. Power Consumption (mW): Frequency (MHz) Frequency (MHz)
0 1 10 0 1 10
Four-stage counter (191) 0.44 55 55 204 224 306
Octal transceiver (245) 0.44 .39 390 468 514 702
2. Operating Voltage (volts):
AC:15t055
ACT:45t05.5 475t05.25
3. Operating Temperature Range (°C): )
-55 to +125 0to+70
4. Noise Margin (volts):
(Vec=4.5 V, rated load)
FAST to FAST — 0.4/0.3
AC to AC (High/Low) 1.25/1.25 —
ACT to ACT ) 1.8/0.36 -
5. Input Switching Voltage Varlation over the Operating Temperature Range (mV):
Vs £ 50 Vs + 200
6. Output Drive Current (mA):
(Vec=4.5 V) (lor/low)
SS1/MSI Logic 124 +20/-1
3-State Buffers +24 +24/-3
Bus Drivers +24 +64/-15
7. Propagation Delay (ns):
(teri/teLn)
Octal Buffer (240) 7.8/7.8 6/9
Flip-Flop (74) 9.4/9.4 10.5/8.5
8. Input Current (uA):
e +1 +1600
In -1 -20
9. Three-Siate Output Current (uA): +5 +50

14
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Fig. 1 - Cross section of AC/ACT two-level-metal CMOS process.

Series Features

Following are the special features of the AC series of
Advanced CMOS High-Speed ICs.

= 1.5- to 5.5-volt operation

m High noise immunity:
N = N = 30% for Vee = 310 5 voits
NiL = Nin = 20% for Vee = 1.5 to 3 volts

Following are the special features of the ACT Series of
Advanced CMOS High-Speed ICs.

= 4.5- to 5.5-volt operation

m Direct TTL input fogic compatibie:
Vi = 0.8 volt (max); Viu = 2 volts (min)

m Similar to FAST specifications except for the 64-milli-
ampere lo. of FAST drivers. (See FCT Series of logic
types for higher-current drivers.)

Comparison of AC/ACT Logic Types with FAST/AS Types

RCA AC and ACT types have many outstanding advantages
when compared with the conventional high-current bipolar
FAST and AS logic types. The Advanced CMOS Logic AC
and ACT types can replace the bipolar types in existing
equipment and in new equipment designs requiring devices
that operate at frequencies up to 100 MHz. Table | com-
pares the significant operating characteristics of the AC and
ACT CMOS types with those of the bipolar FAST logic
family.

AC/ACT IC Process and Structure

Advanced CMOS high-speed products are fabricated with
an advanced small-geometry CMOS process and' design

rules that are tailored to meet the specified high speed and -

high output-drive current, and to tame the high switching-
current transients associated with high-speed designs. Fig.
1 shows the cross section of an AC/ACT chip. The starting
material is a p-substrate topped with a thin p-epitaxial sur-
face layer; hence, this process is an n-well type. The epitax-
ial surface serves essentially to eliminate SCR latch-up and
provides for a low-impedance surface-conduction path that
enhances electrostatic discharge capability. The n and p dif-
fusions are ion-implanted. Polysilicon gates having an effec-
tive length of 1.5 microns are deposited over a thin 300-
angstrom gate oxide. Active source and drain areas are
automatically aligned to the separate gates with the polysi-
licon gates acting as a mask. This structure drastically

reduces the parasitic ‘capacitances between the gate and
the n and p areas (see Fig. 2) and, as a result, enhances
switching speed. The n and p transistors are isolated by the
areas of silicon dioxide, as shown in Fig. 1.

A major structural feature of AC/ACT devices is the use of
two metallization levels. Logic interconnections are shorter
because of the dual interconnect layers, and Vcc and ground
distribution busing is greatly enhanced to handle the switch-
ing transient current, which can exceed one ampere for
AC/ACT octal buffer types. When used in chip form, the
AC/ACT substrate should not be connected to any potential
above ground.

f

MR

2\ RS

92CS-37075R1
Fig. 2 - Parasitic capacitances in a CMOS inverter.

INPUT CHARACTERISTICS

The inputs of the AC/ACT devices are sensitive to voltage
levels. The only input current is the reverse diode leakage (a
few picoamperes) of the protection network for electrostatic
discharge. The definitive I/0 switching characteristics of an
input stage is shown in Fig. 3 for AC and ACT types. The
specified MIN/MAX input switching voltages are guaranteed
over the operating temperature range. Actual shift of the
input voltage over the temperature range -55 to +125°C is
100 millivolts.
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Fig. 3 - AC/ACT I/0 switching characteristic for a nominal
Vee of 5 volts.

Noise Immunity and Noise Margin

Table Il shows the input noise immunity values (V.. max and
Vismin) for AC and ACT devices, the output voltage specifi-
cations, and the calculated noise margins under two condi-
tions: (1) interfacing with like: members of the same family,
and (2) interfacing with bipolar FAST types. The noise mar-
gins shown in Table I (a), for AC and ACT types only, apply
for the temperature range of -55 to +125°C. In Table Il (b),
the interface noise margins are limited to 0 to +70°C, the
commercial temperature range of FAST types. These tables
illustrate one of the most important attributes of the CMOS
AC/ACT family when compared to the FAST family; namely,
designs that use the AC-Series CMOS types have over three
times the noise margin of the FAST family in the same
design. Hence, new designs taking advantage of the higher
speeds of these types should use the 1.4-volt noise margin
of the AC family to gain the extra system noise margin of
one volt.

Pulsed-input noise immunity is illustrated in Fig. 4. This fig-
ure shows the typical family dc noise immunity for input
pulses having widths of 10 or more nanoseconds. Below 10
nanoseconds, the pulse amplitude (Vg) reaches higher values
before an input is sufficiently disturbed to cause an output
change. Note that for AC types, the values are for Ve ampli-
tudes above ground or below Vcc (5 volts). For ACT types,

only the limiting noise immunity above ground (0.8 volt dc)
is shown. DC noise immunity below Vcc is 3 volts for ACT
types and is not shown here because it is so high.

Vee=5V
CL =0
TA =25°C

ACT

PULSE AMPLITUDE (Vp)-V

i — (Vp}
j—b, (AT 50 % OF Vp)

i 1 1 I 1
2 4 L] 8 10 12

PULSE WIDTH (ty) - ns

Fig. 4 - Typical dynamic noise immunity. seos-aanre

Input Current/Voltage Characteristic

The inputs of the AC/ACT devices have the dual-diode
clamping circuit shown in Fig. 5. This circuit serves two
important needs: (1) Ringing voltages above Vcc and below
ground caused by the RLC interface equivalent circuit are
clamped to within one diode drop of Vcc and ground, there-
by reducing EMI. (2) Electrostatic discharge (ESD) is
shunted away from the gate oxide of input transistors.
Between -0.5 volt and V¢c plus 0.5 volt (see Fig. 6), the input
current is typically under the =1 nanoampere typical leak-
age of the biased input diodes. Beyond -0.5 volt and Vcc
plus 0.5 volt, the diodes are forward biased and clamping
action begins. The diodes can handle large junction cur-
rents (400 milliamperes for under one second). For con-
tinuous clamping action over the operating temperature
range, the aluminum input metallization traces are reliably
sized for 20 milliamperes, as shown in Fig. 6. Note that it is
the aluminum traces and not the diode junctions that are
the limiting circuit elements.

Table Il (a). Noise Immunity Values and Noise Margin for AC/ACT Types (Vcc = 5 volts).

AC Types ACT Types
Maximum Low-Level Input Voltage (Vi. max) 1.5 0.8 voits
Minimum High-Level input Voltage (Vin min) 3.5 2 volts
Maximum Low-Level Output Voltage (VoL max) 0.1 0.1 volts
Minimum High-Level Output Voltage (Von min) 4.9 49 ~_voits
Noise Margin Low Level (VnmL) 1.4 0.7 volts
Noise Margin High Level (Vnmn) 1.4 29 volts

NOTE: VNML.= ViL max - Vou max
Vamn = Von min - Viy min

Table Il (b). Nolse Immunity Values and Nolse Margin of AC/ACT Types Driving FAST Types and of
FAST Types Driving AC/ACT Types (Vcc = 4.5 volts).

AC/ACT———>FAST/[FAST———>AC/ACT
Maximum Low-Level Input Voltage (Vi. max) - 0.8 - 0.8 volts
Minimum-High-Level Input Voitage (Vin min) — 2 — 2 volts
Maximum Low-Level Output Voltage (VoL max) 0.44 — 0.5 _ volts
Minimum High-Level Output Voltage (Von min) 3.8 - 2.4 - volts
Noise Margin Low Level (Vimi) 0.36 0.3 volts
Noise Margin High Level (Vuu+) 1.8 0.4 volts
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Fig. 6 - AC/ACT input characteristic.

Input Termination

The inputs of all AC/ACT types require termination. The
input resistance of these types is very high, typically 109
ohms, and the input capacitance is a few picofarads. When
unterminated inputs are left floating, they can easily pick up
stray charge and move the transistor into the linear operat-
ing voltage range between V. and V.. When this transfer
takes place, logic malfunction could occur, oscillation may
occur, and operating current goes up. Consequently, ail
unused CMOS inputs must be terminated. Terminations
may be directly to Vec or to ground or made by means of a
shunt resistor. Specification information on input termina-
tion design rules is given in the System Design section later
in this Manual.

Input ESD Protection

As mentioned, AC/ACT device inputs have a resistor-diode
protection network, shown in Fig. 5, that protects the gate
oxide from electrostatic discharge (ESD) damage. The net-
work provides protection to levels greater than two kilovolts
in all modes pertaining to the input, as shown in Fig. 7. This
two-kilovolt figure was arrived at by the testing of devices in
the ESD test circuit shown in Fig. 8 while conforming to the
MIL-STD test requirements. Despite the excellent built-in
ESD protection, these device could be exposed to up to 15
kilovolts if good handling practice for semiconductor ICs is
not followed. Please refer to RCA ICAN 6525 and ICE 402
for more detailed guidance. One special difference between

the RCA AC/ACT logic family and RCA’s other CMOS fami-
lies is the use of P subtrates that are at ground potential
(see Fig. 1). The RCA CD4000B and HC/HCT families of
logic device use N-substrate material, which is at Ve poten-
tial. Because of this difference, the bonding sequence for
AC/ACT types is changed so that the ground pin is bonded
first. The rule for N-substrate logic is to bond the Vec or Vop
pad first.

92C1-29324R2

Fig. 7 - Electrostatic discharge (ESD) test modes.

1.5K T0
+ O—AAA— DEVICE
- Rs UNDER

CH=HUMAN BODY CAPACITANCE TO GROUND
Rg=BODY SOURCE RESISTANCE

92CS -37074

Fig. 8 - Test circuit for measuring electrostatic discharge
(ESD) in AC/ACT circuits. The rise time at the
output terminal should be 13 + 2 ns.
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Input Interaction

Another effect of the input-protection network is the imposi-
tion of a parasitic transistor between adjacent input pins.
Fig. 9 shows this transistor. This parasitic transistor action
may cause undesirable interaction between adjacent inputs
if the input level is less than ground. In"AC/ACT devices,
gain of the transistor (alpha = Ic/lg) is minimized to less than
0.001, thereby permitting proper logic operation in the pres-
ence of large below-ground transient voltages.

An application example in which the knowledge that alpha
equals 0.001 is useful is shown in Fig. 10. Here, if input A
swings between -5 and +5 volts and the AC/ACT device is
operated normally from 5 volts to ground, it is wanted that
the output switch reliably between 0-and 5 voits. The
designer must consider the Vy.s at the B input terminal. Cal-
culations show that this is a safe design, because Vis = 4.3
millivolts.

le = 4.3 volts/20 kilohms = 0.215 milliamperes
Ic = ale = 0.215 microamperes
Vie = Ic x 20 kilohms = 4.3 millivolts

VIN= GROUNDO——'\/\/V—;

-
V|N < GROUND O—— AN ——4

[
TYPICAL @ = ‘-(—;;<<0.00|
e

Fig. 9 - Parasitic n-p-n transistor between adjacent pins
imposed by input protection network.

Vg OF AC/ACT
DEVICE=5V

OQUTPUT SWINGS
OVYO+5V

le
lc B
- —) —
7 <
-[___ ViLg = 4.3 mV

92CS-43181

Fig. 10 - Example of use of input interaction (a) in a
level conversion.

Input Capacitance

The input capacitance C, as a function of input voltage is
shown in Fig. 11 for typical AC and ACT types. Note that C
has peak values at the respective input-voltage switch point
of 1.5 volts for ACT and 2.5 volts for AC types. Capacitance
on either side of the peak is a summation of package, lead-
frame, reverse-biased input diode, and CMOS gate-to-
source/drain capacitance. The peak capacitance results from

18

the Miller-effect multiplication of the gate-to-drain capaci-
tance in the high-gain linear-transition region. The value of
C: that most typically represents the average loading effect
is 5.0 picofarads for AC and ACT inputs.
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Fig. 11 - Variation of input capacitance with voltages for
typical AC/ACT types.

LATCH-UP SENSITIVITY

Latch-up is a state in which an unwanted low-impedance
path develops in a parasitic four-stage bipolar structure in a
CMOS IC. Latch-up may be initiated or triggered by voltage
overshoot or undershoot at inputs, outputs, or supply termi-
nals. A high transient voltage or current at any one terminal
or at any combination of these terminals may initiate turn-
on of the parasitic SCR-type four-layer diode bipolar device.
See Fig. 12 (a).

A simplified diagram of this parasitic structure is shown in
Fig. 12 (b). This structure, when triggered on, keeps the
supply voltage below the Vec voltage value and thus permits
a high supply current of several hundred milliamperes to
flow [see lc in Fig. 12 (b)]. The values of resistors Ry and Rn
depend on the circuit layout geometry and on p+ and n+
doping levels. The lower the value of these resistors, the
less the voltage drop that will occur and the higher the
trigger current needed to induce turn-on of the SCR
structure.

Also important for minimizing latch-up problems are the
established layout rules and process parameters that mini-
mize the current gain (beta) of the parasitic n-p-n and p-n-p
transistors shown in Fig. 12.

The RCA AC/ACT n-well process uses a thin p-epitaxial
layer on the p+ substrate. This layer provides a shunt of very
low resistance around R,. The effective R, is extremely low,
and as a result, very high negative voltage or current tran-
sients at the n+ source (Vss point in Fig. 12) are required to
forward bias the parasitic n-p-n base-emitter junction. Addi-
tionally, there are several design rules that also significantly
decrease latch-up probability. These rules relate to:

1. Layout spacings to reduce the parasitic n-p-n and p-
n-p transistor current gain

2. n+/n-well doping

3. Closed structure outputs

4. Latch plugs liberally used

The current transient at any input or output terminal that
could potentially trigger latch-up of AC/ACT ICs is typically
more than +400 milliamperes at 25°C. Measurements are
made at all terminals to assure that they have a latch current
of over +100 milliamperes at 125°C. The absolute maximum
dc rating in AC/ACT data sheets and in the proposed indus-
try JEDEC Standard No. 20 is =20 milliamperes at inputs
and +50 milliamperes at outputs.
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i Fig. 12 - (a) Cross section of CMOS structure showing SCR latch-up parasitic transistor, (b) Simplified
diagram of CMOS four-layer diode structure. .

OUTPUT CHARACTERISTICS

AC/ACT outputs make use of a complementary-symmetry
transistor configuration that is different from the FAST
totem-pole output. Both outputs are shown in Fig. 13.
AC/ACT outputs meet the voltage-level requirements neces-
sary to interface AC/ACT inputs and the drive and current
requirements needed to interface bipolar inputs such as
TTL, LS, ALS, AS, FAST, and the like.

The outputs of all AC/ACT devices have the same drive cur-
rent capability and meet proposed JEDEC standard drive
and current requirements. The outputs may be active (two-
state) or three-state in which bath the PMOS and NMOS
transistors are off. '

) Vee
o-] PMOS

OUTPUT
OJ:ims

CMOS OUTPUT

FAST OUTPUT

Fig. 13 - AC/ACT output, a complementary-symmetry
transistor configuration, compared with FAST
output, a totem-pole configuration.

Another type of AC/ACT output is the open-drain output of
the AC/ACT 05 Hex Inverter shown in Fig. 14. The AC/ACT
05 is the only advanced high-speed CMOS inverter type
having outputs that can be used for a “wired-OR" arrange-
ment. There is, however, a very useful group of octal trans-
ceiver types having open-drain outputs. These types are
listed below.

AC/ACT 647 Octal Bus Transceiver/Regis-
ter with Open Drain
(Non-Inverting)

Octal Bus Transceiver/Regis-
ter with Open Drain (Inverting)
Octal Bus Transceiver/Regis-
ter, Open Drain A Side, 3-
State B-Side (Inverting)

Octal Bus Transceiver/Regis-
ter, Open Drain A Side, 3-
State B-Side (Non-inverting)
Octal Bus Transceiver; 3-state
B Side, Open Drain A Side
(Non-Inverting)

AC/ACT 649
AC/ACT 653

AC/ACT 654

AC/ACT 7623

Vee = 6 V MAX.

RL

L-AAA---O

1

L‘in.mos

Fig. 14 - AC/ACT hex inverter (05) open-drain output circuit.
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Fig. 15 - Open-drain output AC/ACT types effectively drive (a) VME and (b) SCSI backplane termination schemes.

These types are especially useful for “wired-OR™ing of
interrupt signals on a backplane. They could also be used
for backplane interface using the backplane termination re-
sistors as pull-ups. Fig. 15 illustrates two popular backpiane
termination schemes (VME and SCSI) that are effectively
driven with AC/ACT open-drain outputs. In Fig. 15 (a), the
dual VME termination scheme is driven, VoL max is 0.40 volt
at 85°C, and Vg is 4.5 volts. In Fig. 15 (b), the SCSI termi-
nation is driven. In this network, VoL max is 0.33 volt. In both
examples, the bus pulls up to 2.6 volts for a Vou min by
means of the resistive terminations. AC/ACT types having
three-state outputs may also reliably drive the VME and
SCSI termination of Fig. 15. With active PMOS pull-ups, the
low to high transition of the bus is faster than with the
open-drain output interface. See the section on the FCT
Bus Interface Family that describes output drives of 64 and
48 miltiamperes, required in many backplane appl|cat|ons

Output ESD Protection

The outputs in AC/ACT devices are protected from electro-
static discharge (ESD) damage by an integral inherent diode
structure. Fig. 16 shows these diodes. These protective
diodes are effective because of the large geometries (widths)
of the output transistors. The diodes are comprised of the
drain and the n-substrate junction of the p device and of the
drain and the p-well junction of the n-device. This network
provides protection to voltage levels greater than two kilo-
voits in all electrastatic discharge modes pertaining to the
output (for these modes, see Fig. 7).

Vee

PMOS

/= ]

O OuTPUT
l — x*
NMOS |
= *inherent diodes
92CS-37084

Fig. 16 - Inherent diode structure that protects AC/ACT
outputs from electrostatic discharge damage to
levels greater than two kilovolts.

The output clamp diode to Vcc must be taken into account
in interface and bus applications. For more information on
this subject, see the next section, System Design.
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Output Current

AC/ACT outputs are specified for both CMOS and bipolar
FAST loads. CMOS inputs are voltage sensitive, and the only
current is léakage current. The output voltage test for CMOS
interfacing is specified for lo at £50 microamperes (50
CMOS loads). The outputs are also specified for lo at +24
milliamperes (15 FAST loads). The corresponding VoL max
and Vow min for the outputs are given in Table IIl.

For output loading of +50 microamperes, the typical output
voltage is only 60 millivolts below Vcc or 60 millivolts above
ground. As a consequence, CMOS outputs are truly rail-to-
rail swings even at 50 microamperes, which is important in
many applications. The reason that the guaranteed limits of
JEDEC and Table Iil are at 100 millivolts is to facilitate hlgh-
speed test verification.

Note that for the AC-Series types, operation down to 1.5
volts is specified. Output current is specified at 1.5 voits and
also at 3 volts. This worst-case 3-volt rating is increasingly
important because it corresponds to the new low-voltage
logic standard (JEDEC Std. No. 8) of 3.3 + 0.3 volts. As
CMOS technology shrinks to under one micron, reliability,
operating power, and most of all, switching noise all point
toward more favorable results with a supply voltage of 3.3
volts than with 5-volt ones. At 3.3 volts, AC/ACT types con-
sume only 40 per cent of the operating power of 5-volt oper-
ation, and switching speed is decreased by an average of
only 30 per cent. Also, as will be covered in the section on
System Design, TTL interface is realizable at 3.3 & 0.3 volts

using AC types. ’

The maximum current per output pin (lo) is £50 millam-
peres. This maximum current rating is specified when the
outputs (Vo) are in their active regions, that is, greater than
+0.5 volt but less than Vcc plus 0.5 volt. The maximum cur-
rent rating per power pin, Vcc or ground, is 100 milliam-
peres for up to four outputs; for each additional output the
rating is increased by +25 milliamperes. When the output
voltage exceeds Vcc by more than 500 milfivolts or is below
ground by more than 500 millivolts, the output protection
diodes turn on and conduct current. To avoid latch-up, the
peak values of the diode current lok should not exceed +400
milliamperes, as described earlier.

An important contributor to the control of output ringing
and electromagnetic interference (EMI) is an output stage
design having slow enough output slew rates to allow clamp
diode turn-on (about 1 nanosecond). This turn-on attenu-
ates ringing that often tries to exceed Ve +0.7 volt or go
more than 0.7 volt below ground:' Controt of output slew
rates is-also a central contributor to reduced output simul-
taneous switching transients (discussed later).
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Table I1l. Standard RCA and Proposed JEDEC Output Characteristics
AC Serles (*For ACT Series, Specifications Only @ Vcc = 4.5V and 5.5 V Apply)

AMBIENT TEMPERATURE (TA) - °C
TEST CONDITIONS
CHARACTERISTIC ‘ Voo +25 40 to +85 S510+125 | NiTs
Vi o v)
V) (mA) Min. | Max. | Min. | Max. | Min. | Max.
High-Level Output B E -0.05 | 1.5 14 — 14 — 1.4 —
Voltage Von Vin -0.05 3 2.9 — 2.9 — 2.9 —
or |e 005 | 45 4.4 — 4.4 — 4.4 —_—
Vi -4 3 258 | — 2.48 —_ 2.4 —_
e 24 4.5 3.94 —_ 3.8 -— 3.7 —
® -75 5.5 — —_ - 3.85 — —_ —_
i l e 50 |55 | — — — — [ 385 | — v
Low-Level Output 0.05 1.5 — 0.1 — 0.1 — . 0.1
Voitage Voo Vin 0.05 3 — 0.1 —_ 0.1 —_ 0.1
! or ® 0.05 4.5 — 0:1 = 0.1. — 0.1
Vi 12 3 —_ 0.36 — 0.44 = 0.5
L 24 4.5 — 0.36 —_ 0.44 — 0.5
[ 75 5.5 — — — 1.65 — —
o ‘ e 5 |55 | — = — — — | 165

#Test one ou'pui at'a time for a 1-second maximum duration. Measurement is made by forcing current and nieasurlng voltage

to minimize power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

NOTE: Specifications at 1.5 volts are not part of the JEDEC proposal.

Output-Current Interfacing Capability

A comparison of the output drive capabilites of AC/ACT
types and FAST types follows. - : .

FAST capability is expressed in unit loads (ULs)
where the load is specified to be an input of the
same family. This specification assures that the
worst-case low- and high-input thresholds 'will be
met and the existing margins of noise immunity
preserved. :

AC/ACT capability is expressed as source/sink cur-
rent at a specified output voltage. Because AC/ACT
types require virtually no input current, the unit-
load concept does not apply.

With a specified output sink current drive of 24 milliamperes
at 0.44 volt (at 85°C), each AC/ACT output can drive 24,000
AC/ACT inputs. With a 50-microampere/0.1-volt specifica-
tion, each AC/ACT output can drive 480 AC/ACT inputs.
Each AC/ACT output has a drive capability of 15 FAST
loads and maintains a Vo .under 0.5 volt over the -full
temperature range. ‘ :

The standardized RCA and the proposed JEDEC output
characteristics are shown in Table IlI. : )

Output Curves

In Figs. 17 and 18 the standardized family output character-
istic' plots are provided. Both typical anq worst-case {min)
curves plot the lou (sink) and lon (source) current as a
function of drain-to-source output transistor voltage drop
(Vos). The heavy line at 50 milliamperes is the boundary
between safe, continuous operating regions of current drain
and areas where only transients are permitted.

Output Short-Circuit Current (Backdriving)

Note that in Fig. 17 short-circuit currents of +200 milliam-
peres are typical for AC/ACT outputs at a Ve of five voits.
Backdriving these outputs during PC board test by forcing
outputs to ground, for example, is permissibie with the lim-
itations that only one output per IC be backdriven at: any
one time and for only one second maximum. For durations
longer than one second, the IC may become too hot. Fortu-
nately, because the epitaxial-based process is essentially
latch free, no danger of latch-up results from backdriving.

Output Simultaneous Switching Transients

From Fig. 17, it is evident that very large switching transients
can-be absorbed by AC/ACT output transistors. Fig. 19 illus-
trates how large transient currents are typically generated
for the charge or discharge of an AC/ACT output using a
50-picofarad load and a Vcc of five volts. The discharge time
through the n-device of the output transistor is typically
three nanoseconds, even though the' capacitor discharge
current is typically 83 milliamperes, as shown in the follow-
ing calculation. ) R

Il = C (dv/dt) = 50 pF (5 V/3 ns) = 83 mA

The ON resistance of the p and n channels is 10. ohms or
more each during peak switching transient periods. Thus, it
is possible that switching currents of £200 milliamperes per
output may occur. For octal types, where bytes are simul-
taneously switched at common edges, the total peak switch-
ing current could approach 8 x 200 milliampéres or 1.6
amperes. In. practice, however, the actual current is lower

because it spreads somewhat as a result of the deviations in

peak switching times. These currents cause device Vcc and
ground bus voltage, drops that vary with each output and
hence cause different output delays. These delta delays
spread the switching current over one to two nanoseconds.
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Fig. 17 - Minimum and typical output characteristics at +25° C for AC/ACT advanced high-speed CMOS types.
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Fig. 19 - Generation of large transient currents for charge or
discharge of an AC/ACT output.
Load = 50 picofarads; Vcc = 5 volts.

Fig. 20 shows that four inductances contribute to the on-
chip ground potential Ve. These inductances are L1, the
effective on-chip ground path inductance; L2, the chip bond-
pad/wire/lead-frame inductance; L3, the IC lead inductance;
and L4, the printed-circuit board inductance path to earth
or reference ground. Fig. 21 illustrates the lifting of grounhd
as a result of the inductances L1 though L4 when an
AC/ACT device switches. Instantaneously, the chip sees Vg
as ground and causes the following IC performance effects.

1. If n outputs switch and one output is a steady-state
low, the Vg will reflect onto the unswitched output as
the peak low-level output voltage Vore, as shown in
Fig. 22 (b) for an eight-output device.

2. The instantaneous gate-to-source voltage decreases
by a magnitude of Ve volts. This decrease reduces the
transistor gm, raises the Ron, and increases the transi-
tion time of the output stage and the delay time.

3. Input noise immunity is instantaneously decreased by
Ve volts, and as a result, internally stored data in
latches or flip-flops could be upset.

{C BOND WIRE

IC LEAD

SYSTEM GROUND TRACE

92cs~43215

Fig. 20 - IC gound path and four contributing inductances.

Vou

OUTPUT TRANSITION

I

1

]

i
GROUND PATH CURRENT (iy) A

|

E—

VG (GROUND LIFT ON-CHIP) M

! VREF GROUND

Fig. 21 - Ground lift caused by switching current transients
through inductances described in Fig. 20.
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Fig. 22 - Test circuit (a) and waveform (b) of simultaneous
switching transient.
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Fig. 23 - Equivalent circuit of ground-bounce configuration for an ootal output stage. Dynamic value of Rs and
transistor switch timing are key variables in minimizing ground bounce (Voce).

Fig. 23 shows the equivalent IC circuit for the octal-type
ground-bounce test configuration. Although this circuit
shows the several RLC components involved in the devel-
opment of both the transient ground lift (V¢) and the resul-
tant quiet output voitage bounce (Vorr), some key variables
that complicate analysis are not readily apparent. These var-
iables include:

1. Design of transistors to increase effective Rs, which

- will increase turn-on time or output slew rate dv/dt.
The actual value of Rs is about 15 ohms.

2. Design of chip to equalize the on-chip L and R of all
eight output-stage metal runs to ground.

3. Design of the plastic package lead-frame to reduce
the ground pin inductance Lq by one half. For the DIP
package this inductance is 7.5 nanohenries.

4. Design of small break-before-make capability to reduce
irn through current. Time difference is a nominal 0.5
nanosecond.

5. Design of transistor turn-on time of a nominal 0.75
nanosecond.

Of these five variables, the vast majority of ground-bounce
minimization is achieved by control of the output dv/dt. It is
of so little benefit to change the position of the ground pin
or add additional ground pins that users get excellent per-
formance and minimization of ground bounce and EMI
without incurring significant extra cost and the reduced
reliability of bigger packages that would result from such
changes.

Sample Measurement of Vo

Fig. 24 shows actual sample measurement values of the
peak low-level output voltage Vor measured on an ACT240,
an Octal-Buffer Line Driver, 3-State device. The worst-case
Voue, 1.06 volts, occurs at pin 18, which is furthest from pin
10 ground. The best-case Vore, 0.720 volt, occurs at pin 9,
closest to pin 10. Waveforms for the ACT240 in the dual-in-
line package (DIP) are given in Fig. 25 and in the small out-
line package (SOP) in Fig. 26. These waveforms are mea-
sured at pin 18, the worst-case pin. All RCA octais now have
controlled output edge rates with ground-bounce perfor-
mance similar to that shown in Figs. 25 and 26.

This performance is very reasonable for a buffer having a
typical delay of 3.5 nanoseconds. RCA advanced high-
speed CMOS octal logic devices have been designed to
minimize the effective on-chip L1 (Fig. 20) and also to min-
imize L2, the dual bond-wire inductance. L3 is the induc-
tance of a “corner-pin” dual-in-line (DIP) or small outline
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(SOP) package, and L4 is the inductance of the fixture
ground-return path. This last value must be kept small (see
next section on V,,, Measurement Method). For compari-
son, a bipolar FAST F240 type was identically measured. Its
Vowe is nearly identical, the worst-case value being 1.05
volts. .

Type: AC240
Worst-CaseValue .........coveetennanns 1.06 volts
Best-CaseValue .........covvevenanennn 0.72 volt DIP
Worst-Case Value ......ccovveveeeannnns 0.75 volt SOP
Type: FAST F240
Worst-CaseValue . ....covievenarenonens 1.05 volts

Fig. 24 - Measured values of Vor made on a 240 Octal-
’ Buffer Line Driver, 3-State device.
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Fig. 25 - Simultaneous switching transient performance of
an AC 240 octal-type IC in a dual-in-line package
(DIP). See Fig. 22 for test conditions.
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Fig. 26 - Simultaneous switching transient performance of
an AC240 octal-type IC in a small-outline (SO)
package. See Fig. 22 for test conditions.
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Voo Measurement Method

The method for measuring Voe, also referred to as the
simultaneous switching transient or ground-bounce effect,
is a radio-frequency-type measurement and requires a good
rf quality test fixture. A schematic of the fixture is given in
Fig. 22 (a). It utilizes seven outputs switching into a stan-
dard AC/ACT load, considered to be a worst-case condition.
The eighth input is held low or high, thereby placing the
output in a high or low state. The eighth output is moni-
tored with a scope, and the peak amplitude of the positive
transient (Vorp) above VoL is measured. The peak amplitude
of the negative transient below Vou is Vonv. Fig. 22 (b) shows
the waveforms of the ground-bounce-induced transients,
both positive and negative.

The major concern of the design engineer in making these
measurements is the Vorp. Tolerance of this unwanted noise
voltage is highly dependent on the switching threshold and
noise margin of the logic circuits connected to the outputs
of the device. With the CMOS switching threshold, which is
typically 50 per cent of Vcc, the energy of the transient pulse
is usually insufficient to cause false switching. More critical
is when the logic inputs connected to the device switch at
TTL thresholds, typically 1.5 volts. See System Design sec-
tion for a detailed examination of how simultaneous switch-
ing transients affect system noise immunity.

DYNAMIC CHARACTERISTICS
Switching Speed

Significant speed improvement distinguishes the new
AC/ACT Advanced High-Speed CMOS Logic Family from
the HC/HCT High-Speed CMOS Logic -Family. Table IV
positions each CMOS logic family with the speed-equivalent
TTL family. From the standpoint of speed, the AC/ACT fam-
ily substitutes very adequately for the TTL FAST, AS, and S
families. It is not recommended, however, to directly substi-
tute AC/ACT, FAST, AS, S, or ALS logic for HG/HCT or
LSTTL logic because of the three times faster switching
edges of the former group compared to the latter. As will be
covered in the System Design section, these faster families
require transmission-line interconnect considerations, ter-
minations, superior decoupling, and careful PC board layout
to keep switching noise generation under control so that
FCC emission specifications may be met with good margin.

Table IV. Guide for Substituting CMOS Logic Famlly Types
for TTL Families.

CMOS Logic TTL Famil

Family TTL|LSTTL|ALS | S [FAST | AS

HC/HCT X x_ | x*

1 AC/ACT * * X | X X X

#HC/HCT substitutes when ALS is used versus LS for lower
power.
AC/ACT substitutes-when ALS is used versus LS for
higher speed.

“There Is too large a difference in speed and noise/EMI
generation for AC/ACT to reliably substitute for TTL,
LSTTL, or HC/HCT.

Propagation Delays [

The useful speed of a logic family is essentiaily the 1/0
propagation delay of both fow-to-high and high-to-low sig-
nal transitions from input to output. .

Table V provides a comparison of AC and bipolar FAST
device propagation delays for three familiar logic types;
namely, a NAND gate (00), a flip-flop (74), and an octal
buffer (240). Ailso shown is the input clock rate. For 74-
series devices, the delays and also the clock rate are very
nearly the same, notwithstanding that for AC types Vcc is 4.5
volts and Ta is 85°C and for FAST types Vcc is 4.75 voits and
Ta is 70°C. These test conditions are clearly in favor of
FAST by about five per cent. Also evident from the data
sheet extractions in Table V are the balanced delay of AC
types and the unbalanced (te4 versus ten ) delay of the bi-
polar types. :

Table V. Comparison of Switching Speed for Three 74-
Series AC and FAST Logic Functions.

Product Parameter| AC FAST JUNIT]
Two-Input NAND (00) | teus/te | 62 | 6/53 | ns
Flip-Flop (74) teu/torn. 9 [7802] ns

s 125 | 100 [MHz
Buffer (240) tultow, | 65 | 8/57 | ns’

Useful delay is only as good as the worst or slowest delay
mode or path. For the entire AC/ACT family covering over
50 different logic functions, the speed comparison illus-
trated in Table V holds up within a window of plus or minus
a few nanoseconds. There are, however, a few exceptions
going in both directions. Where speed right up to the limit
of the device capability is a critical design element, the
designer should precisely use published data sheet limits
for either AC/ACT or FAST types. Table VI (a) lists three
ACT types in which two extra buffer stages are designed in
to reduce the incremental change in lcc caused by switch-
ing of the input state at 1.5 volts instead of 2.5 volts, the
optimum value for-CMOS devices.

As shown in Table VI (b), the six-nanosecond delay of the
AC04 Hex Inverter type matches the .delay of FAST types.
The two extra ACT buffer stages, however, extend the delay
limit to a 8.8 nanoseconds. These three SSI types are the
only ones having extra ACT stages, and hence, their delay
limits are a few nanoseconds slower than those of their AC
or FAST counterparts.

Table VI (a). Devices Having Extra Stages for Reducing
Power Consumption. )

Number of Logic Stages
Type AC ACT
04/05 Hex Inverter 3 5
00 Quad Two-Iinput NAND ] 3 5
86 Quad Two-Input
Exclusive-OR 4 5

. Table VI (b). Propagation Delay and Alcc Vaiues
for Hex inverter Type 04.

Parameter AC ACT FAST | Unit
teun/telL 6/6 | 8.8/88 | 6/5.3 ns
Alcc per Input - 05" — mA

*For three stages instead of five this value would be about
three milliamperes per input.
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Data sheets give a finite number of specified values of
switching speed at specific test conditions. The system
design engineer, however, often needs to know speed limits
at other conditions. For example, the propagation delay of a
74 dual D-type flip-flop clock to Q/Q is specified as:

ten, tewe = 9.1 ns max, Vec = 4.5V, Ta=85°C
=265ns min, Vec =55V, Ta=-40°C

There are two dichotomies: (1) The PCB Vc value is fixed at
a given time, probably close to 5.0 volts, and (2) the temper-
ature is fixed at a given time, probably close to 55°C. Thus,
the 9.1 to 2.65 nanosecond spread, shown above, is unrealis-
tically large. To ease this problem, Fig. 27 is provided. Using
this set of normalized delay curves, the system designer can
easily narrow the MIN/MAX deiay for use in estimating sys-
tem timing. For the 74 duat D-type flip-flop if operation is
assumed at Vee = 5.0 volts, and Ta = 55°C, the MIN/MAX
delay spread is narrower. :

ten, e = 8.3 nanoseconds MAX
= 3.6 nanoseconds MIN

Use of Fig. 27 is as follows:

1. Select the max. delay from the device data sheet for
Vee = 4.5 volts, Ta = +125°C. Call this value X.

2. Multiply X by the normalized multiplier fractions of X
shown on the vertical axis for a given value of Vec and
temperature.

Each AC/ACT data sheet now contains speed limits at two
temperature ranges for commercial/industrial plastic pack-
aged product. These ranges are -40°C to +85°C and -55°C to
+125°C. The latter temperature range limits are also appli-
cable to MIL product packaged in ceramic packages. Histor-
ically, commercial TTL logic types use a limited tempera-
ture range for plastic (74 series) of 0°C to +70°C. To readily
determine RCA AC/ACT speed for 0°C to +70°C operation,
the following multipliers (from Fig. 27) are used:

Max. Limit = 0.855 X, Ta = 70°C, Vcc = 4.75 volts
Min. Limit =0.25 X, Ta = 0°C, Vcc = 5.25 volts

Where X is the Max. Data Sheet limit for
Ta=+125°C, Vcc = 4.5 volts

Also shown in Fig. 27 is the typical curve of speed vs.
temperature for Vcc = 5-volts. The exact value at Ta = +25°C
is 0.487 X.
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Fig. 27 - Normalized AC/ACT MIN/MAX delay as a function
of supply voltage and temperature.
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Propagation Delay Performance Curves

Fig. 28 shows the typical normalized propagation delay as a
function of capacitance loading at supply voltages of 1.5,
3.3, and 5 volts. The reference load is 50 picofarads, the
rated value given in the device data sheet. Fig. 29 shows the
typical normalized propagation delay as a function of supply
voltage. This curve shows that AC-Series types are typically
30 per cent slower at 3.3 volts than at the referenced 5 volts.
At a supply voltage of 1.5 volts, the speed is four times
slower compared to the speed at 5 volts but still is quite
fast. In Fig. 30, the normalized AC/ACT propagation delay
variation with chip operating ambient temperature is given
for operation at 1.5, 3.3, and 5 voits. From the 5-volt curve, it
can be concluded that AC/ACT types slow down by 0.3 per
cent per °C, a useful number to have available for reference.

Behavioral Models

Behavior modeis for RCA AC/ACT types are available from
Logic Automation, Inc. These models contain the min/max
speed limits specified in the RCA data sheets. See section
on Behavioral Models. .
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Fig. 30 - Normalized propagation delay as a function of
ambient temperature for AC/ACT types.

Output Edge Rates/Transition Times

The typical propagation delay of an AC/ACT gate or buffer
is 3.5 nanoseconds (at Vec = 5 volts, Ta = 25°C, C. = 50
picofarads), and the high speed of all AC/ACT types neces-
sitates quick and predictable output transition times. Typical
AC/ACT output transition times are shown in Table VII.
Note that octal types have longer output transition times so
as to reduce simuitaneous switching transients and ringing.

Table VII. Typical Output Transition Time (trum, tri).
Measured Between the 10 and 90 Per Cent Transition Polnts.
The amblient temperature Is 25°C

Typical

C. Voo trwie, trun
(pF) (volts) (nanoseconds)
Logic Octal
50 15 8 10
50 3.3 ) 4
50 5 25 33
150 15 20 . 26
150 3.3 8 10
- 150 5 6 8
300 15 35 46
300 33 11 15
300 5 10 13

Fortunately, unfike bipolar FAST logic, the design engineer
may insert series resistors (Rs) in the output circuit, as
shown in Fig. 31, to reduce the spectral content, dampen
ringing, and act as a series terminator. Propagation delay,
however, will increase as a result of the series resistor and
the associated total shunt capacitance Cs. For CMOS loads,
an Rs, even up to several kilohms in value, will not affect
input switching because the input resistance (R) is greater
than 1000 megohms. For bipolar . FAST devices, however,
adding a series resistor results in increased values of Vi
because I is 1.6 milliamperes. Hence, 100 ohms is probably
the maximum vaiue for Rs with FAST ICs. This topic is
covered in more detail in the System Design section of this
Manual.

)

7"

a

AC/ACT } ll AC/ACT I

i+

Fig. 31 - Use of series termination resistor to increase
output edge rates.

Three-State Ratings and Test Conditions

AC/ACT logic types that have three-state output stage design
also have the necessary three-state propagation delay
parameters that are uniquely tested to optimize AC/ACT
performance. Fig. 32 (a) shows an 85°C equivalent ac test
circuit for all propagation delay parameters. The three
“Thevininized” loads show the load board configuration for
testing the six applicable delay parameters. In Fig. 32 (b) the
active-to-high-impedance test waveforms are shown. Take
particular notice of the RC symmetry for te.2 and terz, which
is specially suited to CMOS rail-to-rail outputs with switch-
ing at 50 per cent of Vcc (AC family). Also, note that the test
switch point is at 20 per cent of the rail — not 10 per cent.
The reason for this increase is that 10 per cent of 4.5 volts
would leave practically no room for the test set comparator
because the 250-ohm load pulis rails close to 10 percent of
4.5 voits.

There are two factors that must be highlighted:

1. The teuz test load is different from the FAST test load.
For FAST, R is 500 ohms for tenz and 250 ohms for te2.
These test loads are very satisfactory for the bipolar
totem-pole output offset to 1.5 volts for Vs and a
limited swing of 3 to 4 volts, but the unbalanced loads
are unsatisfactory for AC/ACT outputs.

2. FAST test points are at 10 per cent of the output swing,
not 20 per cent. Because of this difference, AC/ACT
tenz and tez parameters are specified a few nanosec-
onds larger than for FAST types. This change gives
the appearance that AC/ACT types are slower than
FAST types, but in actual operation, they are very
comparable.

Incremental Propagation Delay Caused by Simultaneous
Switching .

Table Vil illustrates the effects of ground and Ve “bourice”
resulting from the simultaneous switching of eight Octal-
Buffer outputs. Note that the incremental delay added to
ten is less than that added to ten. The reason for this differ-
ence is that the RCA chip design and the design of the
bond-pad-to-lead frame are geared heavily to reducing the
very critical ground loop inductance because of the 0.8-volt
Vi of ACT and FAST inputs. On the high side, where Vi is
two volts and the loaded Vo is 3.8 volts, the Ve bounce is
not so critical. Also shown in Table VIil is the sift in skew
due to Vec and ground-bounce effects. The cause of these
effects is described earlier in this Manual starting under the
heading Output Simultaneous Switching Transients.
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(b) oV 92C5-43184
Fig. 32 - AC/ACT three-state test circuit and associated

waveforms.

(a) Output stage and the three JEDEC and RCA
test load circuits, Ta = 85°C.

(b) Three-state output waveforms and test points.
The RC time constant is a balanced 250 ohms
and 50 picofarads.

Table VIIl. Incremental Propagation Delay of an AC244
Octal Non-inverting Butfer Type.
Conditions: Vcc = 5 volts; C. = 50 picofarads; Ta = 25°C.

~ Number of
Outputs Switching |
1 8
(Best) | (Worst)
Buffer Measured:
Input Pin 2 2"
Output Pin_ : ~_18 18
Data (ns):
ten 4.9 6.41
ton 4.88 6.04.
Incremental Delay (ns) Referred
To One Buffer Switching:
teun 0 +1.61
tenL 0 +1.16
Skew of teu/teun Ratio: : 0.996 0.942

*Two synchronized pulse generators are used to maintain
input pulse-edge integrity for precise measurement
fidelity.

Generator 1 is used for.driving only the measured buffer
Generator 2 is used for driving the other buffers.
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Clock Pulse Considerations

All AC/ACT flip-flops and counters contain master-slave
devices having level-sensitive clock inputs. As the voltage at
the clock input reaches the threshold level of the device,
data in the master (input) section is transferred to the slave
(output) section. The use of threshold levels for clocking is
an improvement over ac-coupled clock inputs. These levels,
however, make these devices somewhat sensitive to clock-
edge rates. The threshold level is typically 50 per cent of Vcc
for AC devices, and 30 per cent of Vcc for ACT devices (1.5
volts at Vce = 5 volts). Temperature has little effect on the
clock threshold levels.

When clocking occurs, the internal gates and output circuits
of the device dump current to ground, as previously men-
tioned. This condition results in a noise transient that is equal
to the algebraic sum of internal and external ground-plane
noise. When a number of loaded outputs change at the
same time, it is possible for the chip ground reference level
(and, therefore, the clock reference level) to rise by as much
as one volt. If the clock input of a positive-edge-triggered
device is at 'or near its threshold -during a noise-transient
period, multiple triggering can occur. To prevent this condi-
tion, the rise and fall slew rates of the clock inputs should
be limited to the maximum ratings specified on the data
sheet for the AC/ACT type. The AC/ACT 14 Hex Schmitt
Trigger type is recommended for sharpening up slow transi-
tions. Under the heading Power Consumption, the family
rating for input rise and fall time is provided, and this topic is
further expanded.

Maximum permissible input-clock frequency ratings on the
data sheet for each clocked device require an input clock
having a 50 per cent duty cycle. At these rated frequencies,
the outputs will swing rail to rail, assuming no dc load on
the outputs. This feature provides a very conservative and
highly reliable method of rating clock-input-frequency limits
that, for the AC/ACT devices, equal or exceed the ratings
for FAST types.

Low-Output Skew Flip-Flop Performance

AC/ACT flip-flop types such as the 74 dual D-type flip-flop
are specially designed to have near equal delay from clock
to Q and clock to Q as illustrated in Fig. 33. Dual slave sec-
tions are used to achieve this highly desirable performance.
Actual delay skew between Q and Q is typically 0.05 nanosec-
ond and a min/max spread of 0.4 nanosecond at 85°C and
a supply voltage (Vcc) of 5 volts. Fig. 34 illustrates how this
unique RCA flip-flop benefit can be used to drive a twisted
pair. A termination R of about 300 ohms is desirable to
match the line and reduce reflections. The key element is
near-zero skew at the Q and Q output edges.
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Flg 33- Delay balance of dual D-type Illp-flop
(74AC/ACT74).
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RCA AC/ACT 00
RCA GATE AS A LATCH
74 AC/:CT 74
F

DATA—D Q
CLOCK—¥CL @
= 92CS-43186
Fig. 34 - Dual D-type flip-flop (74AC/ACT74) used to drive a
twisted pair.
Metastability

RCA AC/ACT clocked devices are designed to minimize the
probability of output states being at an undefined or unai-
lowable condition because of violation of Clock/Data Setup
time and Hold time specifications when used in asynchro-
nous systems. Specifically, Setup and Hold times are kept
small, typically 0 to 2 nanoseconds. Also, internal flip-flop
feedback paths are very fast with little delay. These design
features serve to make metastability much less prevalent
than for slower-speed CMOS or TTL Logic types.

POWER CONSUMPTION

The power consumption of an AC/ACT device is composed
of two components: one static, the other dynamic. The
static component is the result of quiescent current caused
principally by reverse junction leakage. The dynamic com-
ponent results from the transient currents required to charge
and discharge the capacitive loads on logic elements, that
is, the transients resuiting from the overlapping of active p
and n transistors. Internal chip power consumption is deter-
mined by the device equivalent power dissipation capacit-
ance, Cpo; this parameter is defined below.

Power Calculations
Two equations are used to compute the total IC power con-
sumption. The first equation (A) is applicable to AC or ACT
devices when the inputs are driven from ground to Ve (rail
to rail). )

Equation (A) - For AC types

P =Ppc + Pac
P = IecVec + CroVec? fi + Z CuVec? fo
Where:

lec = Quiescent current (from data sheet ratings)
Vec = Supply voltage
fi = Input frequency
fo = Output frequency per output .
Cep = Device equivalent power dissipation capacitance;
used for computing internal chip power
(from data sheet)
C. = Load capacitance; used for computing output
stage power
The second equation (B) is applicable only to an ACT
device where specific input pins are driven at TTL levels
defined as V) = 3.4 volts for a Vcc max. of 5.5 volts.

Equation (B) - For ACT types
P = Ppc + Pac
P = lecVoe + X (AlecVeeD + CroVec? fi + CLVee? fo)
Where:
Alcc = Added direct current per input when V, = V¢ - 2.1
V (TTL input high level) (from data sheet)
D = Duty cycle of clock (per cent of time high)

The temperature-dependent ratings for lcc are given in
Tables IX and X.

Table IX. Temperature-Dependent Rating Limits

o -40to | -55to
%°c +85°C | +125°C
Vi Vee Typ. | Max. | Max. Max.
v) (V) [(mA) | (mA) | (mA) [ (mA)
Vee- 45to
(Alec)*} 2.1 5.5 0.2 24 2.8 3

*Additional quiescent supply current per
input pin, TTL inputs high, 1 unit load
ACT load table by type shown on each data sheet.
Example: Type: ACT191; input: clock; unit load: 0.85
Alcc = 0.85(2.4 mA) = 2.04 mA max at 25°C

Table X. Maximum Quiescent Current at Vcc = § volits for

AC/ACT and FAST Types.
AC/ACT FAST
Device Limi
Complexity 25°C 85°C | 125°C| 125°C
SSI/FF 4uA | 40puA | 80pA [ 15mA
MSI 8uA | 80uA | 160 uA[100 mA

The dynamic power due to outputs is the sum of the ac
power at each output. The user must independently deter-
mine the C. and the average frequency of each output. The
latter requires estimating the average frequency of data
nodes in a logic system. For example, for AC/ACT counter
types, each output is inherently operating at different
frequencies.

The Ceo, or device equivalent-power-dissipation capacitance,
is determined by two sources of internal device power
consumption:

1. Power consumed by charge and discharge of the
internal device capacitance.

2. Power consumed through current switching tran-
sients.

Fig. 35 illustrates the typical lcc as a function of V, for AC
devices. Note in Fig. 35 (c) that when V\y equals 0 to 0.5 voit
or 4.5 to § volts, zero current flows. Thus, no Alcc compo-
nent is required for computing the power consumption of
AC device types. The transient switching currents of an IC,
however, consume power and are part of the Cep value. The
plots of lcc and V, of Fig. 35 show peak lcc of up to 12 milii-
amperes. For a few nanoseconds, however, up to 100 milli-
amperes could flow if the plotter resolution permitted. Note
that the switching points (peak current points) in the AC
devices occur at approximately 50 per cent of Vec. For the
ACT devices (shown in Fig. 36) the switching point is at
approximately 30 per cent of Vcc.

Fig. 36 illustrates the typical lcc as a function of V, for ACT
devices. Again, if the input voltage equals 0 to 0.5 volt or 4.5
to 5.5 volts, no Alcc value exists. If V,, however, is a TTL
logic high level of 2.9 volts with a V¢c of 5 volts, then signifi-
cant Alcc does exist (0.2 milliampere) and is indicated in
equation (B) as the Alcc component.
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Fig. 35 - Quiescent supply current (Icc) as a function of input
voltage (Vi) for AC types.
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Fig. 36 - Quiescent supply current (lcc) as a function of input
voltage (V) for ACT types.

In many TTL to CMOS ACT input interface applications
only CMOS loads are driven and Vou is 4 volts or more. As
illustrated in Fig. 36, Alcc is O for TTL outputs only driving
CMOS inputs. Only if a TTL output is fully loaded would the
output Von be as low as 3 voits. Thus, Alcc is usually neglig-
ible except in rare interfaces where full (15 fan out) TTL
loading is present along with an ACT input.

Because the special input design of RCA ACT types redu-
ces the value of Alcc, the added power is smail and is usu-
ally minimal compared to FAST power. If this special input
circuitry were not used the Alcc values would be much
higher.

Because appreciable current flows during device input switch-
ing, as shown in Figs. 35 and 36, it is important to maintain
the fast input rise and fall times shown below.

Input Rise and Fall Slew Rate, dt/dv

Max Units  Inputs
at 1.5to 3V (AC Types) 50 ns/V  0to Vce
at 3.6 to 5.5 V (AC Types) 20 ns/V  0to Vce
at4.5t0 5.5V (ACT Types) 10 ns/V 0to3V

Because the typical output transition time is three nanosec-
onds for AC/ACT types, a designer need only be con-
cerned with exceeding the rise and fall slew rates shown
above for interfacing or linear mode operation in applica-
tions such as RC oscillators, crystal oscillators, and the like.

When the Schmitt-Trigger type AC/ACT 14 is used either for
shaping up slow signals or as an RC oscillator, power |s
increased by the prolonged through-current.

The adverse effect of power transitions is another reason to
maintain input rise and fall slew rates under the recom-
mended limits. Longer transitions may cause oscillations of
logic circuits (and, hence, logic errors) or premature trigger-
ing, depending on the system V¢c and ground noise, which
are amplified when input signals hover near the switching
voltages illustrated in Figs. 35 and 36. To reduce the effects
of slower transitions, the use of Schmitt-Trigger types is
recommended.
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Simultaneous switching transients affect the maximum input
t,, te. Fig. 37 illustrates a worst case but feasible condition for
either a hex inverter type (04 or 05) or a hex inverting
Schmitt-Trigger type (14). Using a printed circuit board
designed for a ground-bounce measurement, five of six
outputs are switched simultaneously causing the internal
power or ground point bounce as discussed previously
under the heading Simultaneous Switching Transients.

Ve RAIL

Vece PIN

IN INPUT
PuT STAGE
Ve
GNDPIN
'GROUND RAIL
vg v
SIMULTANEOUS
SWITCHING
BOUNCES

92CS-43187

Fig. 37 - Input circuit and simultaneous switching bounces
that reduce noise immunity.

Examination of the input stage and waveforms in Fig. 37
shows clearly that typical noise immunity at the input is sig-
nificantly reduced during the presence of the ground or Vcc
bounce time as quantified below:

dc noise immunity low Vs - 0 volts = 2.5 volts (AC)
= 1.5 volts (ACT)
ac noise immunity low Vs-Vg= 2.5-0.75 volits
= 1.75 volts (AC)
= 0.75 volt (ACT)
dc noise immunity high Vec - Vs = 2.5 volts (AC)
= 3.5 volts (ACT)
ac noise immunity high Ve - Vs = 1.5 volts (AC)

during Vce bounce 2.5 volts (ACT)

Test results for the AC/ACT 04 and AC/ACT 14 types are
illustrated in Fig. 38. The resuits show that the real limiting
values for input t, t slew rate times must take into account
simultaneous switching effects. The Schmitt-Trigger type
would ordinarily be considered to have nearly infinite slew
rates for one-channel-only switching. For simultaneously
switching five of six outputs, there is a probably finite limita-

tion to slew rate times. However, tests for up to 150 millisec-
onds per volt for AC14 and 20 nanoseconds per volt for
ACT14 input slew rates (simultaneously on. five inputs) did
not affect the output.

Vee=5V,Tp=25C

MAXIMUM SLEW RATES
TYPE MEASURED | PUBLISHED
) tr 4
ACO4 >20 ns/V 20 ns/V
ACTO4 >10 ne/V 10 ns/V
AC14 290 ms/V 150 me/V
ACT14 40 ns/V 20 ns/V
INPUT t te
ouTPUT
Vin-
Vi
- 92CS-43188

Fig. 38 - Results of typical input t, t tests on
AC/ACTO04/14 types. Vcc = 5 volts. Ta = 25°C.,
The maximum value of t,, t is defined for condition
that output ringing exceeds Vi or goes below
Vin. Five of six outputs are switching simultaneously.

Power Consumption of FAST and AC/ACT Types Compared

As the equations for operating power indicate, CMOS power
is directly proportional to switching frequency. At standby,
AC/ACT power is negligible compared to bipolar FAST
power. In Table XI, one of the most widely used MSI coun-
ters (the 191 4-Bit Binary Counter) is used to illustrate that
even at a continuous ten-megahertz switching rate, AC/ACT
power is a fraction of the power of FAST types. By way of
illustration, consider an application employing 25 such
types. At an overall average switching rate of ten megahertz,
with FAST types the power is 7.7 watts; with AC/ACT types,
the power is only 1.4 watts for AC types and 2.6 watts for
ACT types.

Table XI. Average Operating Power Comparison for FAST
and AC/ACT Type 191, a 4-Bit Up/Down Binary Counter.
Vcc =5.5V; Ta=70°C.

Family Notes Switching Rate Units
0 MHz 1 MHz 10 MHz

AC 1 0.44 55 55 mw

ACT 2 49.4 59.9 104 mw

FAST 3 204 224 306 mwW

Notes:

1. P =Poc + Pac

Where: Ppc = 5.5 x 80 uA
and Pac = 133 pF(5.5)%f, + 50 pF(5.5)* + (1/2+1/4+1/8 + 1/16
+1/16)fo (Eq. A)
2. P =Ppc + Pac
Where: Ppc=5.5 xsosz +8x2.8mAx0.8x1/2x5.5(Eq.B)
and Pac = 133 pF(5.5)*f, + 50 pF(5.5)* + (1/2+1/4 +1/8 + 1/16
+1/16)fo (Eq. A)
3. P=5.5x55 mA (0 Hz)

P=55x55mAx 1.1 (1 MHz2)
P =5.5x 55 mA x 1.5 (10 MHz)
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SPECIAL RCA AC/ACT TYPES

The RCA line of AC/ACT has some unique types that are
tailored for specific high-speed applications. Each is high-
lighted below.

CD54/74 AC/ACT7623 - Octal-Bus Transceiver, 3-State (B-
Side), Open-Drain (A-Side), Non-Inverting.

The only difference from the generic bipolar type 623 is that
the 7623 has an open drain on the A-side; the 623 is 3-state
for both sides. The 7623 permits bus interfacing on the
A-side without concern about bus contention. Also, the bus
termination resistance is used to pull up the bus to a high
state.

CD54/74 ACT7651 - Octal-Bus Transceiver/Register, 3-State,
Inverting.
This type is logically identical to the generic 651 type with

the exception that the ACT 7651 type has non-standard
(and non-JEDEC) ACT output drive as shown in Table XIi.

Table XIl. ACT 7651 Non-Standard Output Drive.
Supply Voltage (Vcc) = 4.5 volts
Ambient Temperature (T,) = 70°C

Side A Side B
Low-Level Output Current
(lov) at 0.5 volts 12mA | 24 mA
High-Level Output Current )
(low) at 3.2 volts 6mA | 12mA
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The objectives of the non-standard A-side and B-side out-
put drive are (1) to reduce output transition time sufficiently
to match slower-speed bus designs (such as Nu-Bus), (2) to
reduce RFI/EMI due to slower L-H transitions on both the A
and B side, and (3) to reduce the H-L transition time on the
A side. This device is a noise-equivalent and speed-equivalent
low-power CMOS version of the high-power-consumption
bipolar type ALS651.

CD54/74 AC/ACT7060/7061 - 14-Stage Binary Counter
with Oscillator.

Both the 7060 and 7061 types are 14-stage binary ripple
counters having a built-in oscillator section (typically 200
MHz) for either an RC design or an accurate crystal-
referenced design. A Master Reset input resets all binary
stages to the all-“0” state and also disables the oscillator
when the Master Reset is high in the 7060 version. In the
7061 version, the Master Reset does not disable the oscilla-
tor. All 14 binary-counter outputs are brought out.

REFERENCES
JEDEC Standard No. 8, “Standard for Reduced Operating
Voltages and Interface Levels for Integrated Circuits.”

JEDEC Standard No. 20, “Standard for Description of
54/74ACXXXX and 54/74ACTXXXX Advanced High-Speed
CMOS Devices” (in preparation).
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INTERCONNECTION OF AC/ACT LOGIC DEVICES

Interconnections of AC/ACT high-speed logic devices by
means of single wires, coaxial cable, stripline, ribbon cable,
or twisted pair must necessarily be designed to preserve the
puise waveform. Fig. 39 illustrates the basic interconnect
environment and shows the pulse waveforms for both the
ideal case and the practical or actual case with AC/ACT
devices. The ideal case, shown in the waveforms of Fig. 39
(b) when one AC/ACT output port is connected to an input
port of another AC/ACT part, is realizable for short inter-
connect lengths (less than five inches) or for the case when
the line is matched by the addition of a shunt termination
resistance (Ry) in parallel with the input resistance (R), as
shown in Fig. 40.

] o (O~

Ro = Ry

AC/ACT AC/ACT

(a)

VOJ
bt
V|—J

(b)

—2taf—
5v —_— 5V
vott) —r_l—L_l_L_—L—,_
ov ov
F—ta
o itg

10V

5v
ov
—’121‘,

Fig. 39 - (a) Basic AC/ACT interconnect environment. (b)
Waveforms for ideal situation where Ro is less
than Zo and R equals Zo (matched). (c) Wave-
forms for actual “real-world” situation where the
interconnection is unterminated, the interconnec-
tion length exceeds § inches, Ro is less than Zo,
and Ry is very much greater than Zo.

vi(2)

-5V
(<)

AC/ACT

R > 109 OHMS

Fig. 40 - Line matched by shunt termination resistance Ry
equal to Zo. Produces waveforms of Fig. 39 (b).
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If the only concern were the fidelity of the pulse waveform
at the IC input or load end of the interconnection, which is
often but not always the case, then a series termination
scheme can be used, as shown in Fig. 41 (a). The resultant
waveforms are shown in Fig. 41 (b). This figure shows a
very good input pulse waveform at the load-end IC. Here,
the value of the series resistor Rs is selected to make Ro
plus Ri equal to Zo. If the output resistance Ro is 25 ohms
and the characteristic impedance Zo is 100 ohms, then Rs is
75 ohms. This approach is called ideal series matching.

By studying the interconnection environment, the designer
quickly learns that if the interconnection distance is “short,”
there is no concern and the waveforms of Fig. 39 (b) can
prevail fairly well. The major design question, however, is
what is “short?” Basic interconnect theory, as covered in the
references given at the end of this section, states that
transmission-line effects or wave effects become an impor-
tant design consideration when the length of the intercon-
nection approaches the wavelength of the signal (fc) being
transported. For AC/ACT outputs driving transmission lines,
the rise time t, and the fall time t; can be as little as 1.5
nanoseconds. Consequently (from the theory references),
printed circuit board stripline interconnect lengths of about
five inches or more should be treated as transmission lines
for which either series or shunt terminations may be neces-
sary to preserve system propagation delays. Another way to
state this point is that it is desired that all AC/ACT inputs
switch on the first or incident pulse edge. Otherwise, a
delay of 2ty would be added, where t4 is the delay of the
stripline (about 1.5 nanoseconds per foot).

Output Waveform and Ringing

AC/ACT outputs are inherently underdamped when driving
pure capacitive loads. The industry standard +24-milliampere
balanced output drive requires an output resistance in the
10- to 20-ohm area. When applied to the RLC damping
equation, this resistance value results in the underdamped
condition as quantitatively defined below:

1: L
Ro CotCu_
2 Lg
Where
Ro = PMOS/NMOS device output source resistance
Co = PMOS/NMOS device output capacitance

C. = Load capacitance
Lg =1C ground lead inductance

If D > 1, RLC is underdamped
D =1, RLC is critically damped
D <1, RLC is overdamped

For typical values of an RCA octal buffer type with one out-
put switching, the damping factor D is about 10 (much
underdamped). This figure is obtained with the use of an Rs
of 12 to 15 ohms, which is applicable to the effective output
resistance for RCA octal types.

Fig. 42 (a) shows an output of a 244 non-inverting buffer
with one output switching into a pure capacitive load of 15
picofarads. The underdamped overshoot is apparent. Fig. 42
(b) shows that same output switching into a pure resistive
load of 100 ohms. Here, ringing is reduced because the 100-
ohm resistance makes the RLC circuit nearly critically
damped. Fig. 43 ‘shows the same output driving a series
100-ohm load into 11.2 picofarads. The waveform appears
like two CMOS inputs. Ringing amplitude is reduced, but
the rise and fall times are about 1 - 2 nanoseconds longer.
Power consumption is not increased as it is for a 100-ohm
shunt load as shown in Fig. 42 (b).

Damping Factor D =

won i
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Fig. 41 - (a) Interconnect configuration showing series termination resistor (Rs) for driving from A to B through a strip-
line bus on a PC board. The ideal waveforms are also shown. (b) Waveforms for unmatched circuit in which
there is no series termination (RS = 0) and reflections peak to 1 volt. (c) Waveforms for circuit using a 100-ohm
series termination resistor (Rs). Reflections are terminated at PCB-A end. (d) Waveforms for circuit using a
300-ohm series termination resistor (Rs). Reflections cause slow signal buildup at A and B ends.

\/N

/
/ /
11 A
l )
J
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Fig. 42 - Buffer output with pure capacitive and pure resistive load makes a difference in ringing amplitude. One output
switching. (a) R =500 ohms; C. = 15 picofarads (F.0 = 2 - 3) worst case. Overshoot = 0.6 volt; Undershoot = -0.4
volt (diodes help). (b) R. = 100 ohms (driving a resistive line); good case and very often applicable.
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Series Termination — Long-Line Case

Fig. 41 illustrates the schematic and waveforms for a series
termination (Rs + Ro = Zo). This termination faithfully repro-
duces the IC output pulse with a delay of t4, the line delay
over length L, where L is eight inches and reflections
require a termination. In this interconnection, refiections
coming back to the input from the open (unloaded) end of
the line are effectively terminated and no further refiections
occur. This series termination is very effective for CMOS
because the series resistor Rs does not limit fanout (R of
CMOS is nearly infinite). Series termination for TTL logic
has a moderate to disastrous effect on fanout and noise
margin because each FAST input draws about 1.6 milliam-
peres of sink current.

In the waveforms of Fig. 41 (b), there is no series termina-
tion resistor (Rs = 0 ohm) and reflections bounce back and
- forth with the result that there is a peak of about 1 voit
somewhere in time depending on the line length. In this
case the line length is 8 inches: In Fig. 41 (c) waveforms, a
100-ohm series terminating resistor provides a good quality
waveform at the end of the line (B) with all areas under 0.8
volt. The fall time is also good. Note the reflection at the (A)
falling edge, which is about 3 nanoseconds out, the round-
trip-delay for the experimental 8-inch stripline board. In Fig.
41 (d), the 300-ohm series resistor Rs at A clearly makes Rs
greater than the characteristic impedance Z,, and the wave-
form at B has about 5 nanoseconds of added delay because
of the large RsC, delay.

A summary of the experimental results for an 8-inch two-
sided PC board stripline interconnect of any AC/ACT type
follows:

1. For TTL logic levels (Vi = 0.8 voit) using ACT types, a
series Rs of 100 ohms is beneficial and provides for a
clean signal at the load or input end of an intercon-
nection. A value between 50 and 100 ohms works
well.

2. For CMOS logic levels, no series termination resistor
Rs is needed. Signals stay within the noise immunity
levels of AC logic; i.e., Viumax = 1.5 volts and Viamin =
3.5 volts where the typical switching level is 2.5 volts.

3. For AC/ACT devices, it is beneficial to terminate inter-
connections of any length to reduce the ringing
amplitude, as illustrated in Fig. 43. This precaution
reduces conducted EMI on the Vcc bus which is
always desirable.

As shown in Fig. 44, other bus drivers or receivers may also
be connected to a transmission line and load the line
incrementally by C,, the distributed input capacitance. The
net effect is to reduce the Zo of the stripline bus as a result
of the added C..

2o = [Lo/(Co + C)]'?

Reflections occur because of the very high R, of the AC/ACT
devices at B plus the discontinuities caused by the distrib-
uted C,. A series termination resistor (Rs) of the proper
value connected right at the AC/ACT driver output pin at A
effectively stops the reflection at the A end, and because
there is no reflection back down to the B input, there is no
undersirable ringing of the line.

Driving Cable Over Long Distances

AC/ACT types can reliably drive up to 16-megahertz data
over 30 feet of ribbon cable, as illustrated in Fig. 45, where 5
megahertz is used as an illustration. The series resistor Rs
(33 ohms) is used to terminate the lines. Over the 30-foot
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Fig. 43 - Series termination also reduces ringing.
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Fig. 44 - Transmission line feeding a number of AC/ACT
inputs.

distance, although there is some cross coupling of signals
(see Fig. 45 waveforms), it is conveniently attenuated with
the small RC network at the receiving end inputs. Any AC or
ACT type output is a suitable transmitting source, but only
AC types should be used at the receiving end. FAST types
cannot be used in this situation because they cannot handle
the added series resistor Rs nor do they have the noise
immunity required at the inputs. The ribbon cable recom-
mended is No. 28 AWG with the alternate wires grounded as
partial cross-couplmg shields. Twisted-pair cable would be
even better in this long-interconnection arrangement. Here
it is recommended that the non-signal wire be grounded
only at the receiving end to reduce ground-loop inductance.
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Fig. 45 - (a) Transmission of 5-megahertz signal over 30 feet of 28-gauge ribbon cable. Series termination resistor and
crosstalk attenuation RC circuit are used. (b) Switched line waveforms at points A and B. (c) Switched line
waveforms at points C and D. (d) Crosstalk signal on quiet line £ resulting from influénce of waveform at point
C. ‘

- 37



System Design

Shunt Termination — Long-Line Case

Traditional transmission lines designed for bipolar logic use
shunt terminations at the load end to prevent reflections
from developing. Fig. 39 (b) shows this termination in an
ideal situation. For AC/ACT logic this interconnection is
achieved by the insertion of a resistive shunt termination Rr
right at the inputs, as shown in Fig. 46. It should be remem-
bered that AC/ACT inputs are of nearly infinite resistance.
This situation is very favorable for AC/ACT logic devices
because the R, of the device does not influence Rr or unbal-
ance the results. This advantage does not exisit for bipolar
FAST devices. For these types, the R, for logic low levels is
under 2 kilohms and for high-level signals it is over 7
kilohms.

ML e () o
Ro = Rl
—~ AC =
Ro<zo GND R =
(a) RY=12Z0
— 6V
|
|
, 2
—H", 0
" 6V
A .
i
' 2
osv| - 1T AT T
A °
1
CH. A =2 VOLTS/DIV.
CH.B =2 VOLTS/DIV.

TIMEBASE = 10 ns/DIV.
(b}

Fig. 46 - (a) AC/ACT circuit using shunt termination resistor
Ry equal to Zo. (b) Waveforms maintain integrity.

The example shown in the Fig. 47 test circuit and the wave-
forms in Fig. 46 (b) illustrate how excellent ACT input-signal
integrity can be achieved. Note that all reflections are kept
below 0.8 volt (Vi of TTL and ACT types). In order to
reduce the extra 40 milliwatts of power that this resistive
termination generates, 11 milliwatts can be eliminated by
blocking the direct current flow to ground with a 0.1-
microfarad blocking capacitor in series with the 470-ohm
resistor of Fig. 47. The capacitor charge time is not a factor
for periodic data or clocks; it needs to be taken into consid-
eration for non-periodic signals.

When AC types are used as input (line receiver) devices, an
outstanding advantage is achieved. This advantage is that
no shunt termination is required to achieve incident wave-
edge switching at both ends of a transceiver interconnec-
tion, as shown in Fig. 48 (a). In Fig. 48 (b), a plot of the
incident-edge signal at the drivers on either end shows that
the output resistance of the AC types is low enough to
attenuate reflections coming back from unterminated loads
through a 50-ohm transmission line. Note that the Vo. of
1.65 volts and the Vou of 3.85 volts meet the 30 per cent
noise immunity criteria for AC types.

vce
8 INCHES OF 20-MIL WIDE PC TRACE
Al lB 330 OHMS
{: ACT240
TRANSMISSION LINE Z = 105 OHMS
acrzo | OHMS | S aroomms
(a) =
vee pPMOS 310 nH
—ANA Y
15 OHMS NOMINAL
— L
SOURCE CURRENT +24 mA 193 OHMS T=15pF
OUTPUT HIGH +3.45V
+3.45V
193 OHMS =15 pF
n-MOS 310 nH
Y

l 12 OHMS NOMINAL
-—

= SINK CURRENT 24 mA
OUTPUT LOW
(b)

Fig. 47 - (a) Stripline interconnection with VME termination
at receive end. (b) Equivalent circuits for octal
device outputs.

Fig. 48 performance is valid for temperatures up to 85°C.
Between 85°C and the maximum temperature value of
125°C, the transmission line Zg must be 75 ohms or more.
Each AC/ACT data sheet provides the additional high-
current specification, which guarantees this performance
capability; i.e., drive 50- to 75-ohm lines without power-
absorbing terminations. The waveform of Fig. 48 (c) illus-
trates that for eight inches of two-sided board stripline, no
terminations are necessary for AC types. However, for this
poor type of stripline (two-sided board), the significant in-
ductance of the PC trace causes RLC ringing that barely
stays below 1.5 volts, the limiting Vi for AC inputs. The
simple addition of a 470-ohm shunt termination resistance
to ground dampens the ringing to 1.1 volts peak, leaving a
0.4-volt noise margin. See Fig. 48 (d). With the 470-ohm
termination at the input, this line could be 12 inches or
more. For a transceiver type, the 470-ohm resistor would be
used at both ends of the line. If a muitilayer board is used to
produce an interconnect having a lower characteristic
impedance, the ringing would be much less than shown in
Fig. 48 (c). Longer unterminated interconnections (more
than eight inches) are reliable.

Simultaneous Switching Transients for Driving Transmis-
sion Lines

Fig. 49 illustrates that when an AC/ACT output device drives
a 100-ohm transmission line, it really looks into a 50-ohm
resistive load (two parallel 100-ohm branches of the line
with Zo = 100 ohms). The waveform of Fig. 49 shows that a
peak switching transient of under 50 milliamperes is drawn
for a few nanoseconds. In a worst-case situation, an octal
device with eight outputs switching simultaneously could
theoretically draw 8 x 50 milliamperes or 0.4 ampere.
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Fig. 48 - (a) Unterminated interconnection using AC types at line receive end. No shunt termination is required. (b) Plot

of AC/ACT output driving 50-ohm line. (c) Waveforms for 8-inch board stripline. (d) Waveforms for 8-inch
board stripline with added 470-ohm shunt termination resistance to dampen ringing.
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Fig. 49 - Current transient caused by line driving. (a) Circuit. (b) Waveform.
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Although 0.4 ampere is a lot of current for a high-frequency-
content transient, it is under the peak switching current
developed by the direct drive of a pure 50-picofarad capaci-
tive load (a worst case). The “real world” of backplane or
bus systems is an instantaneous 50- to 150-ohm resistive
transmission-line load as depicted in Fig. 49. If the effects of
simultaneous switching are applied to this load, the induced
voltage transient (Vor) on the eighth unswitched output
would be less than one volt.

Simultaneous Switching Transient Effects on Noise Immunity

Fig. 50 contains plots of AC (a) and ACT (b) dynamic input
noise immunity superimposed with plots of ground bounce
or quiet output noise transient voltage (Vovr). Voue is plotted
for driving CMOS inputs (Vo = 0 volt) and for a worst case
fully loaded TTL fanout of 15 (VoL = 0.4 volt dc). The former
(VoL = 0 volt) is most likely to occur. For AC inputs [Fig. 50
(a)], there remains a 1.4-volt noise margin at a noise pulse
width of 6 - 7 nanoseconds. Even with rather poor PCB
design and layout, there is lots of margin before an AC
input would be false-triggered. However, for ACT inputs
under conditions of simultaneous switching transients [see
Fig. 50 (b)], there remains less than 0.6 volt of noise margin
at noise pulse widths of 5 - 7 nanoseconds. For ACT designs,
great care in PCB design is required to avoid false trigger of
clock input loads. The designer should follow PCB design
guides faithfully. Multi-Level Boards (MLB) are recom-
mended as are terminations and optimum IC decoupling.
For such a small noise margin (0.6 volt), it is recommended
that trigger edge-sensitive signals such as clocks be buf-
fered through ICs that are not compromised in noise im-
munity by simultaneous switching effects, as illustrated in
Fig. 51.

Min/Max Propagation Delay and Delay Skew

One of the critical and system-speed-limiting parameters is
worst-case min/max propagation delay. The variation in I/0O
delays must also consider simultaneous switching delay
skew; i.e., the teuw/ten for one output of an octal bus inter-
face type compared to values when all eight outputs simul-
taneously switch. As mentioned earlier, simultaneous switch-
ing lifts the output driver ground reference and also lowers
the instantaneous Vcc reference level. This change momen-
tarily reduces gate-to-source voltage, reduces gm, and pro-
duces an increase in Ron in MOS transistors. Thus, the
bigger the output stage RC delay, the bigger the change in
teu/tenL. See Table ViI in the Technical Overview section.

Fig. 52 illustrates some specific propagation delay skew
information for the RCA ACT240 octal buffer IC. Different
1/0 paths inherently have a small amount of relative delay
difference due primarily to on-chip Vcc and ground distribu-
tion — or distance to chip pads. From device layout infor-
mation, five outputs have skew within a window of about 0.5
nanosecond. If only four channels are needed, pin 16 out-
put should be dropped; then, skew is under 0.4 nanosecond
because output pins 5, 7, 12, 14 have nearly identical 1/0
delay.

Input Terminations

This section discusses the termination of used and unused
inputs to AC/ACT devices.

DYNAMIC
INPUT NOISE
IMMUNITY

TYPICAL

2I0CTAL GROUND
BOUNCE FOR Vo = 0.4 V

TVjL MAXIMUM = 1.5V dc
V)H MAXIMUM = (5V-3.5 V)

1
=15V
OCTAL GROUND
BOUNCE (Vg = 0V} Vec =5V
P S T T

o 2 4 6 8 10
NOISE PULSE WIDTH - ns

NOISE PULSE AMPLITUDE -V

92CS-43196
{a) AC OCTALS

OCTAL GROUND BOUNGE
PULSE FOR Vgy = 0.4V
3+ DYNAMIC
INPUT NOISE
IMMUNITY

MINIMUM

GROUND BOUNCE
ABOVE GROUND (Vo = 0V)
0 1 Il I 1 L 1 1

o 2 a4 6 8 10

NOISE PULSE WIDTH - ns

NOISE PULSE AMPLITUDE -V

92CS-43190
{b) ACT OCTALS

Fig. 50 - Dynamic noise immunity with superimposed plots
of octal-type ground bounce to illustrate effect on
noise margin.

Unused Inputs are terminated as shown in Fig. 53 (a). Logic
inputs for non-lI/O ports should be terminated to Vcc or
ground with or without a resistor. The value of the resistor
can range from 0 to 1 megohm. I/O or transceiver ports
should be terminated to Vcc or ground only by means of a
resistor of 100 ohms minimum to one megohm maximum,
as shown in Fig. 53 (b). The consideration here is that if the
port is in the driver mode, a short to Vcc or ground must be
avoided.

Used Inputs are terminated as shown in Fig. 53 (c). There
are application situations in which an input may become a
floating one when system power is on. An example is for
CMOS inputs coming off an edge card connector. If the
card driving a particular bus line is pulled, then the CMOS
input at the receiving PC card input becomes floating. The
rule here is to terminate such inputs to Vcc or ground with a
resistor 100 ohms to 1 megohm in value. If the inter-
connection is a terminated bus, however, such as a termi-
nated VME backplane, individual input terminations such as
those shown in Fig. 53 (c) are not required.
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Fig. 51 - (a) When TTL threshold inputs are used, the systems designer should avoid the temptation to use every spare
driver on heavily loaded circuits. (b) Circuit arrangement that minimizes crosstalk and ground bounce caused

by heavy loads.
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Fig. 52 - Five clock signals are buffered to within 0.5 nanoseconds skew; four may be buffered to within 0.4 nanosec-

onds skew if pin 16 output is not used.
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Fig. 53 - Input terminations for (a) unused logic inputs, (b) unused I/0 ports inputs, and (c) used inputs coming off an

edge card connector.

Insertion and Removal of Live PC Boards

“Live” insertion refers to the plugging in of a PC board or
daughter card into an electrically live bus, backplane, or
mother board. The designer using AC/ACT logic devices
should assume that some bus activity may be electrically
disrupted momentarily because of interference at plug in.
Live removal merits the same considerations. Fig. 54 shows
the electrical circuit for AC/ACT types that could momentar-
ily disrupt a bus line. If either the input or output pin of an
AC/ACT bus driver/receiver at the PC board interface to the
bus touches the bus before Voc makes contact, the entire
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PC board takes power off the bus line, if it is in the high
state. This action would bring the Vi level under the Viumin
value and thus the signal level on the bus would be non-
determinate until the Vcc pin completes contact. If a system
designer requires live insertion without fault tolerance, the
most reliable design solution is for PC boards to have
longer pins for Vec and ground. This difference in pin
lengths assures that the diodes of Fig. 54 will not momentar-
ily conduct. Because of the latch-up-free production proc-
ess and circuitry, as discussed earlier, no harm to AC/ACT
ICs occurs if the 1/0 protection diodes momentarily
conduct.
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Fig. 54 - AC/ACT 1/O clamp diodes can momentarily pull down a high state on a bus.

Bus Contention

When more than one driver is connected to a bus, which is
usually the case as illustrated in Fig. 55, contention could
occur. Considering the actual min/max spread of IC logic
line delays and the differences in interconnect delays (delays
are approxnmately 1.5 nanoseconds per foot), it is not sur-
prising that bus contention among drivers could occur.

Y e

Fig. 55 - Multlple bus drivers.

VoH

VoL

FAST

Fig. 56 - Bus contention delay waveforms for AC and ACT
CMOS types and for bipolar FAST types.

Fig. 56 shows the bus contention delay waveforms for all
AC/ACT 2- or 3-state output devices, except for the open-

_drain types. The separate waveforms for AC and ACT types

are shown and compared to bipolar FAST types. Because of
the well-balanced AC/ACT output drive (lo. = los) bus con-
tention gives a possible mid-state delay of typically a few
nanoseconds or in the worst case (tmax - tmin) about 7
nanoseconds. For comparison, bipolar FAST bus drivers
have the same worst-case delay for the low-to-high-state
changes, but the much heavier sink current (48 to 64 milli-
amperes) compared to source current (3 to 15 mllllamperes)
keeps VoL below V. Gaod IC decoupling is essential
because, at the momentary Vcc/2 level, up to 100 milliam-
peres could flow from Vcc to ground. This condition is an
example of where ACT types provide superior bus perform-
ance because of their Viumin value of 2 volts.

A good solution to contention problems is the use of the
AC/ACT open-drain types as bus drivers. Types suggested
include the following:

AC/ACT 05 Hex Inverter with Open-Drain
Outputs

AC/ACT 647/649  Octal Bus Transceiver Register With
Open Drain

AC/ACT 653/654  Octal Bus Transceiver Register,
Open Drain A Side, 3-State B Side

AC/ACT 7623 Octal Bus Transceiver, Open Drain

A Side, 3-State B Side,
Non-Inverting

With these types, not only is bus contention eliminated, but
a very useful form of bus logic, called “bus wired-OR” can
be used. Bus arbitration design problems are also resolved
by the use of the wired-OR. Most bus designs use wired-OR
for some lines, but with proper design it could be used for
most or all lines so long as the pull-up delay (trn) due to
the use of resistive bus-termination networks is not exces-
sive for the speed of the system.

Bus Drivers

Individual AC/ACT bus drivers connected to a VME bus,
multibus, or other electrical backplane may have the edge
waveforms shown in Fig. 57. Each bus tap has a net capac-
itance that ordinarily disrupts transmission line performance
and produces reflections with undesirable Vo and Vonv
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signals, as shown in the waveforms of Fig. 57. Vore and Vouv
are the peak and valley values of VoL and Von, respectively.
If the value of VoLe exceeds the logic Vi or goes below Vo,
a logic error is possible. Table Xlll reviews the specifications
for AC and ACT types and shows practical values of Vore
and Vouv for AC and ACT outputs driving a well-populated
VME bus. The problem area, emphasized in the Table, is the
Vu for TTL logic levels applicable to ACT or to any bipolar
FAST device because Vo is greater than Vi
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Fig. 57 - AC/ACT bus driver circuit and edge waveforms.
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Tabie XIl. Vi_and Vi Specifications for AC/ACT Types and
Practical Values of Vor and Vonv for AC and
ACT Outputs Driving a VME Bus.

Specifications: T;\:es T‘;g:s Units
Low-Level Input Voltage

Vi 135 0.8* volts
High-Level Input Voltage )

Vin 2.15 2 volts
Practical Values:
Low-Level Output Voltage

Peak Value, Vore 1 volts
High-Level Output Voltage

Valley Value, Vonv 4 volts

*Problem area; see text

There are several solutions to this problem. For applications
of ACT types where there are data/address or non-edge-
sensitive lines, the user should allow a bus settling time of
10 to 20 nanoseconds. For clocks or strobes where mono-
tonic edges are important, the designer should increase the
output device drive current by paralieling two or three
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(three is best but more is satisfactory) inputs and outputs of
the bus interface logic functions, as shown for the AC/ACT
240 type in Fig. 58. It is very important that the paralleled
functions all be in the same IC package.

O— ——TO BUS

| SRS

i

Fig. 58 - Paralleled AC/ACT functions must be in same IC
package only. .

For applications of AC types, this reflection problem does
not exist because the superior input noise immunity of
these types gives sufficient noise margin. The fastest and
most reliable (compared to ACT or FAST/AS/S type applica-
tions) bus system designs are achieved with the advanced
high-speed CMOS AC type ICs.

RCA FCT octal types offer an excellent solution. Outputs
are tailored for worst-case backplane drive of 48-- 64 milli-
amperes depending on type. Output swing is two diotle
drops below Vcc to reduce switching transients. Also, the
1/0 diodes to Vec are not present to facilitate multi-power
supply system interfacing.

Muitiple Power Supply Considerations

In almost every large computer system, there is a spilit-
supply or dual Vec powered situation. The power supply
from one cabinet to another can have a variation of typically
10%. This figure means one IC that is driving a data bus has
a Vcc = 5.25 volts, which is about +5%, while the receiver ICs
power supply may be at 4.75 volts. With bipolar logic this
difference would be of little concern, but because AC/ACT
logic has built-in clamp diodes for ESD protection, a differ-
ence between power supplies could bring about greater
input current flow than allowed by the maximum ratings.
Figs. 5 and 16 in the Technical Overview section show the
AC/ACT I/0 clamp diodes of concern in multi-power source
interconnections. This section will show two methods for
dealing with the problem.

When the two Vcc's vary more than 0.7 volt, current could
flow from the receiver to the transmitter or from the trans-
mitter to the receiver. If this current exceeds the ratings of
the IC, the 1/0 current ratings could be exceeded. This
condition can also hang the data bus in an undertermined
state, crashing the system. Fig. 59 shows a typical example
of this condition for the A --> B mode. If the difference of
supplies is greater than 1 volt, the ratings of the output can
be exceeded. Multiply this amount of current by 8 or more
outputs, and the power ratings will be exceeded. In applica-
tions where the output current cannot be limited, the solu-
tion in Fig. 60 should be used. A low-voltage-drop diode
should be placed in the V¢c line between its Ve pin and the
power supply. A 1N6263 small signal Schottky diode is low
cost and has only a 0.2-volt drop. 1N914 type diodes can be
used, but they have a larger voltage drop (0.7 volt). This




method of using a blocking diode provides the best solution
to this problem. The ideal driver IC would not have an input
pull-up protection diode or an output pull-up or pull-down
diode; such outputs are present in all the AC/ACT open-
drain types (AC/ACT 05/647/649/654/7623). The transmis-
sion line termination resistance connected to Vcc is used for
the line puli-up. Bus or multiple power supply contention is
eliminated. However, input diodes to Vcc still are present.
FCT types do not have the 1/0 diodes to Vcc.

SIDE SIDE
A B

=

92CS-43192

Fig, 59 - Dual pdwer sdpply interface.
Vec1=45TOS55V

Fig. 60 - Blocking diodes in series with the Vec supply pin
of I/O buffers or transceivers ease multisupply
interfacing.
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POWER SUPPLY VOLTAGES

The GE/RCA AC types have a power supply range of 1.5 to
5.5 volts with an absolute maximum supply voltage rating of
6 volts. The ability to operate these types with a 1.5-voit
supply makes them particularly useful in battery-operated
equipment and especially in systems including memories
that feature 1.5-volt standby operation.

The operating supply-voltage range for ACT types is 4.5 to
5.5 voits, or 5 volts +10%. ACT types can operate down to
1.5 volts, but this mode- of operation is recommended only
for data retention or battery back-up.

The abolute maximum - rating  of 6 volts is a long-term
steady-state rating for excellent reliability over the tempera-
ture range of -55°C to +125°C. A 7-volt absolute maximum
rating could be met under transient conditions. The de-
signer, however, should not deliberately operate steady
state at 7 volts because of possible short-channel effects
such as trapped gate charges, often referred to as the “hot
electron effect.” In summary, one should run the system
supply or life test supply no higher than 6 volts dc even
though transients to 10 volts are acceptable.

System Design

Battery Back-Up Operation

Battery back-up operation can be easily implemented in
systems containing AC devices. An example of such an
arrangement is given in Fig. 61. The minimum battery volt-
age required is only 1.5 volts plus the voltage drop of one
diode. Schottky diodes should be used because of their
very low voltage drop (typically 0.2 volt). in Fig. 61, GE/RCA
High-to-Low Level Shifters HC4049 or HC4050 are used to
prevent the flow of positive input currents into the system in
the event of the input voltage levels greater than one diode
voltage drop above Vcc. These types do not have clamp pro-
tective devices at the Vcc inputs. More information on this
subject can be obtained from ICAN-7373, “Logic Designs for
Battery-Powered or Battery-Backed-Up Operation.”

FROM PRIMARY
POWER SUPPLY

o
N/

BATTERY

RESISTOR
FOR
TRICKLE ~ SIGNAL
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SIGNAL
= Logic —O g oyrs

CHARGE INPUTS

BATTERY =

HIGH-TO-LOW
LEVEL SHIFTER
TYPES HCA049,

HC4050

Fig. 61 - Example of AC/ACT system with battery back-up.

. INTERFACING
lnlerfaemg with AC/ACT Logic

ACT logic, like the slower HCT logic, is the most versatile
logic family available for interfacing between any CMOS or
TTL logic-level devices, as shown in Fig. 62. The only re-
strictions are the input rise and fall slew rates (see AC/ACT
data sheets). If the maximum rise or fall slew rate of the
CMOS or TTL output is too slow, the AC/ACT14 or HC/HC14
Hex Schmitt Trigger types are available and should be used
to speed up slow output pulse edges. Note in Fig. 62 that
ACT logic devices also accept NMOS:logic levels.

ALL ALL
NMOS/CMOS* NMOS/CMOS
OR ACT OR"-
TTL LOGIC TTL-LOGIC
LEVEL DEVICES LEVEL DEVICES

*SLOW RISE AND FALL TIME MAY REQUIRE A SCHMITT INTERFACE.

‘ALL
CMOS NMOS/CMOS
LoGgic —» . ac  |—» OR

LEVELS . TTL LOGIC

LEVEL DEVICES

Fig. 62 - AC/ACT NMOS/CMOS interfacing using AC and
ACT types.
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Fanout restrictions to AC/ACT or TTL logic families are dis-
cussed in the Technical Overview Section of this Data Book.

AC types, as shown in Fig. 62, cannot be directly driven
from any of the TTL families because the TTL output voit-
age high, Vonmin, does not satisfy the AC input voitage
high, Viumin, specification. To meet minimum V4 require-
ments, AC types, however, can use a pull-up resistor, as
illustrated in Fig. 63, to accept TTL logic-level inputs
reliably.

~ SLOWS SPEED DOWN

~ INCREASES POWER DISSIPATION
-~ DECREASES NOISE MARGIN

~ DECREASES FAN-OUT

FAST/AS/S AC

Fig. 63 - Use of pull-up~resistor to interface TTL and AC
devices.

Drop-In Replacements Using ACT Logic Types

ACT types are uniquely designed to have the direct logic-
level interface compatibility that enables them to replace
FAST/AS/S TTL logic devices of the same function as speci-
fied by the 54/74-series standard logic function nomencla-
ture. ACT types should not be used to replace slower logic
devices such as LSTTL or HCT because of the very signifi-
cant three to four times faster propagation deiay, edge
rates, and correspondingly higher switching currents and
higher EMI spectrum production. Replacement of ALS TTL
devices is also a noise-generation issue, but not as severe
as HC/HCT or LSTTL replacement.

There are, however, some definite possible limitations to
direct drop-in replacement of FAST/AS/S types with ACT
types that must be considered. The considerations are:

1. Certain bus driver types in the FAST or AS family have
sink-current capabilities greater than 24 milliamperes;
namely, 48 to 64 milliamperes. ACT types that are in
this category include

ACT240 ACT623
ACT241 ACT646
ACT244 ACT847
ACT245 ACT648
-ACT540 ACT649
ACT541 ACT654

This 48 to 64 milliampere current value, as discussed
earlier, may be necessary for driving high-fanout back-
planes having resistive terminations requiring sink
currents greater than 24 milliamperes. Clocks and
strobe signals are also in this category, as discussed
earlier (see Bus Drivers). Consequently, if power is to
be saved, some redesign of the printed-circuit board
is needed in order to parallel ACT devices within the
same package. An excellent choice is the RCA FCT
Bus Interface types for 48- to 64-milliampere sink cur-
" ‘rent drivers, which are good FAST/AS replacements.
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2. Trace lengths of printed-circuit board interconnections
of five inches or more. A good printed-circuit-board
design for FAST interconnects of relatively long length
should have a shunt termination to achieve good
pulse edge fidelity. Because of the high-impedance
input of AC/ACT devices (R greater than 100 kilomeg-
ohms; C, of 7.5 picofarads), more reflected-wave
energy can occur than with FAST. Consequently, the
addition of 470 ohms of termination resistance to
ground directly at the ACT input is recommended. An
alternative is a series termination of 50 to 100 ohms.

3. If the FAST types use ribbon cable to interface, the
higher input impedance at the receive end may require
termination resistance and some small capacitance to
ground to reduce crosstalk. When FAST types are
used for both the driver and the receiver, it is recom-
mended that ACT types be substituted for the driver
and AC types for the receiver. With these substitu-
tions, noise performance and speed resuits should be
much superior to the results with FAST types.

LOWER-VOLTAGE OPERATION

For CMOS logic “less is best” in terms of all-around opti-
mum system performance. The designer of CMOS logic cir-
cuits using AC devices can make effective use of the broad-
range supply-voltage capability (1.5 to 5.5 volts) to

1. Minimize operating power consumption
Poperaﬁng = CVcczf

2. Minimize switching-current transients into capacitive
loads

lpeak = CAV/At

3. Minimize EMI spectrum production. Table Vii in the
Technical Overview Section shows how output transi-
tion times and, hence, Fourier frequency components
are reduced by operation at lower supply voltages.

The equipment designer can use the propagation delays as
guaranteed in the data sheets at 1.5 volts or, more impor-
tantly, at the new industry standard 3.3 0.3 volts (see ref-
erences at end of section) to determine if the logic speed
needs are being met. Fig. 29 in the Technical Overview Sec-
tion, the curve showing normalized propagation delay as a
function of supply voltage, is also very useful in this
consideration. .

Although these three significant benefits of operating AC
logic below 5 volts, namely 3.3 volts, are enticing, there are
negatives to consider besides a little slower speed. At 3.3
volts, AC logic has a speed just a bit faster than ALS TTL
operating at 5 volts. These negatives are:

1. Five volts is a widely used logic supply voltage and
there are many TTL and CMOS logic, microproces-
sor, and other devices designed for 5-voit use only.

2. Power supplies having both 5-volt and 3.3-volt taps
are not currently readily available. Moreover, power
supply regulation at 3.3 volts is less efficient than at 5
volts. .

The design remedy for the first item above, 5-volt interfac-
ing with TTL, is straightforward, as shown in Fig. 64. AC/ACT
data sheets have fuil dc7ac parameters for 3.3 +0.3-volt
operation and such items as sink current for TTL fanouts
can easily be accessed.




5V 3.3v 5V

TTL* AC —» TTL*
5V
ACT

*FAST/AS/S/ALS FAMILIES

Fig. 64 - Use of both 3.3- and 5-volt supplies together.

The solution to the second item above, the lack of 3.3 +0.3-
volt regulated supplies, is not so easy to achieve. It requires
design innovations through either localized 3.3-volt zener
regulation from the 5-volt rail, or power supply design
changes to bring out a 3.3-volt tap.

System Design

The prognosis for wider use of more optimized 3.3-volt logic
or, further downstream, 2-volt logic is tied heavily into the
development of even faster, smaller-geometry CMOS VLSI
devices. CMOS devices with features sized at less than one
micron can potentially have problems with internal electric
fields that, if not remedied by process innovation, may
require operation at lower than 5 volts. Also, the operating
power, switching transient production, EMI generation of
logic with sub-nanosecond delays point to the need for
operation at lower than 5 volts. AC/ACT specifications are
well poised to provide excellent 1.5- to 5-volt “glue” logic
functions and data specifications as this surge to higher-

speed, smaller-geometry CMOS goes forward.

REFERENCES

Gustafson, D. B., 1984. “Computer Buses—A Tutorial,”

IEEE Micro, August 1984, pp. 7-22.

Nadolski, J. and Kalish, A., “Using Advanced CMOS Logic

in a VME Data Bus System,” ICAN-8640.

Nadolski, J., “Method of Measurement of Simultaneous

Switching Transient,” ICAN-8754.

Nadolski, J., “Logic Designs for Battery-Powered or Battery-

Backed-Up Operation,” ICAN-7373.

47



48




Behavioral Models

49




Behavioral Models

BOARD-LEVEL SIMULATION

In order to insure first-cut success in board-level designs,
system design engineers want to be able to simulate
standard IC digital products in a board-level simulation. To
satisfy this requirement we teamed up with Logic
Automation, Inc. to produce behavioral models for the
AC/ACT product line. These behavioral models, called
Sr_nartModels° by Logic Automation, represent the RCA
data sheets for each of the 130 AC/ACT types. SmartModels
allow the user to simulate over a wide range of data sheet
specifications, including minimum, typical, and maximum
data for commercial, industrial, extended industrial, and
military applications. A SmartModel is simply a behavioral
algorithm that describes the function of the components
and its associated timing with respect to setup, hold,
maximum frequency, and propagation delay. What makes a
SmartModel smart is the intelligence that the model has
behind it. SmartModels try not to propagate unknown
states and do not halt simulations because of timing
violations. Instead, timing violations are reported on down
to the precise component and pin, while the simulation
continues to run with the minimum timing requirements.

ADVANTAGES OF SMARTMODELS
Before SmartModels were available to system engineers,
designers analyzed board designs by bread-boarding
components and methodically adding up critical path
delays. Adding up the critical paths, although reasonably
accurate, is time consuming and error prone. Bread boarding
is agood method of proving out a final design, butitisnota

uo1
CD74AC00-COM

good method for designing a system. Bread boarding uses
a“mixed bag” of minimum, typical, and maximum products
and should never be construed as verifying the manu-
facturability of a system.

Another method of design entails simulation with engineer-
built models that incorporate the data sheet specifications.
Although this method appears to be similar to the use of
SmartModels, the difficulty that the system designer faces
comes from the fact that models have not been verified by
the IC manufacturer.

Logic Automation SmartModels for RCA standard parts
are verified by GE Solid State and are tested against the
data sheet. They allow the user full control of any given
component in the system during the simulation of minimum,
typical, and maximum products.

Example

A simple example that demonstrates the benefits of
behavioral simulations is given in Fig. 65. This schematic of
an AC193, a 4-bit up/down counter, excluding parallel load,
‘has been built with the models of AC08's, AC00's, and
AC74's, all Advanced CMOS standard logic products.
Simulations were performed with the use of the Mentor
QuickSim® simulator. Fig. 66 shows the waveforms resulting
from a 20-megahertz clock pulse (up) having a 50-percent
duty cycle. The resulting Q0, Q1, Q2, and Q3 outputsignals
are countir%from 0 to 15 (decimal) and upon the fifteenth
count, the TC (Terminal Count Up) puise low is generated.

® SmartModel is a trademark of Logic Automation, Inc.
*QuickSim is a trademark of Mentor Graphics Corp.
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Fig. 65 - Schematic of AC193 4-bit up/down counter.
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CP2is an internal node to be discussed later. Because this
counter is particularly sensitive to the clock-pulse-width
high, when the pulse width is narrowed a failure should be
seen as a clock pulse width that is too narrow. Table XIV
shows the resuits of minimum, typical, and maximum
simulations. The design fails at 10 nanoseconds for all
models at minimum limits, at 21 nanoseconds for all models
attypical, and at 30 nanoseconds for all models at maximum
limits. The failing node is CP2 as displayed for a typical
simulation in Fig. 67. A “glitch” due to a race condition
caused by the pulse width narrowing is shown on CP2.

Table XIV - Results of Minimum, Typical, and
Maximum Simulations

Minimum Faillure
Pulse Width Condition
10 ns Minimum

21 ns Typical
30 ns Maximum
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x——-———---———-—-—————-.————'————— ——————————————————————————
Q0 O o RN oy T s TN oy e O o e W e e TN e o B
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X—m—m e e e e —_—_—————t e e e e e R —
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cpz I 1 gun Ly L
100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 9000 . 1000.0
92CM-43197
Fig. 66 - Working simulation waveforms.
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Fig. 67 - Simulation of a failure.
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In order to show the validity of the simulation, a bread board
was built using the same components as in the simulation. A
photograph of the bread board is shown in Fig. 68. On the
board an actual AC193 was included. The output of this
product was gated with the mock-up of the AC193 to
compare Q0through Q3. If adifference is detected, LED's in
the compare circuitry would light. The bread board has a
random mix of AC/ACT product and the clock is running at
20 megahertz with a 50-percent duty cycle. Fig. 69 shows
the TC waveforms of the mock-up AC193 compared to the
waveforms of the actual AC193 and the waveform of the
mock-up CP2signal. When the pulse width is narrowed, the
bread board fails at 14 nanoseconds. This failure result falls
between the simulated minimum to maximum pulse-width
range of 10 to 30 nanoseconds. Fig. 70 shows the actual
failure pointand Fig. 71 is an expanded scale of the glitchon
CcP2.

BOARD-LEVEL DESIGN ASSUMPTIONS

The assumptions made in these board-level simulations are
(1) good signal integrity is achieved from proper PCB
design practice for high-speed logic (See next section,
Printed-Circult-Board Design) and (2) analog path delays
are zero. The first assumption about good signal integrity

from proper PCB design is essential for any logic-level
simulation. The second assumption that analog path delays
are zero, although technically unachievable, is a good first-
order assumption for a small PCB because the delay of
interconnects is only 1.5 nanoseconds per foot. Toincrease
the accuracy of a board-level simulation, post-layout routing
extraction tools are used to determine path lengths and
delays. These delays are then back-annotated into the
schematic.

Logic simulation of a board design is an easy method of
quickly determining design validity, but logic simulation
that incorporates accurate timing is an invaluable tool for
verifying and testing a board design before a prototype is
constructed. The SmartModel library is available on many
workstations including Mentor Graphics, Valid, Daisy,
Verilog, Teradyne, Hewlett-Packard, Vantage, HHB Cadat,
and more to come®.

®Mentor is a trademark of Mentor Graphics Corp. VALID is a
trademark of Valid Logic Systems, DAISY is a trademark of Daisy
Systems Corp. VERILOG is a trademark of Gateway Design
Automation Corp.

Fig. 68 - Photograph of bread board.
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Fig. 71 - Expanded scope display of failure.
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Printed-Circuit-Board Design
Using AC/ACT Logic Devices
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Printed-Circuit-Board Design

DESIGN GOALS

Hardware implementation of AC/ACT logic designs is
largely an RF analog design issue. The system designer
must follow through with critical RF electrical design
techniques for printed-circuit boards (PCB) in order to
achieve two goals, assuming that the worst-case logic
design is complete both functionally and for MIN/MAX
delay paths.

The first goal is to eliminate possible switching noise that
would cause logic errors or increase propagation delay. To
achieve this goal, the specific requirements are to:

a. Minimize the amplitude of the signal-line and power-line
ringing.

b. Minimize reflections of relatively long (> 5 inches)
interconnect paths.

c. Minimize crosstalk between signal traces.

d. Minimize the effect of simultaneous switching transients,
i.e., glitching and deita propagation delay.

The second goal is to minimize power-bus ringing originating

from the fast switching edges of the silicon chip. This ringing

must be reduced sufficiently so that the equipment can easily

pass EMI emissions standards such as the U.S. FCC class A

(industrial) and class B (consumer) criteria. It is important to

keep EMI from cables that would be efficient antennas at

AC/ACT ringing frequencies and their harmonics.

PERFORMANCE COMPARISON
Electromagnetic Interference

A central question is “How do CMOS AC/ACT logic
implementation practices compare with those of similar-
speed bipolar TTL families such as FAST, AS, or S logic
when it comes to the generation of low-noise PCB designs?”

The overall answer is that they are very similar in most
respects in that both AC/ACT and FAST designs inherently
generate considerable RF emission in the 50- to 500-
megahertz spectrum. AC/ACT types, however, are afew db
higher at some frequencies. There are two reasons for this
difference:

1. CMOS AC/ACT outputs swing rail-to-rail or 5 volts while
TTL outputs swing only 3 to 4 volts.

2. CMOS has balanced autput transition times and, hence,
excellent H -~ L and L —~ H propagation delay balance.
FAST has relatively slower L-H transitions and un-
balanced delays. This slower speed simply produces
less RF spectral energy. With CMOS, because of the
better balance, a part having faster speed is obtained but
at the expense of a little more EMI.

From an EMI point of view, the AC/ACT family is somewhat
less forgiving of sloppy PCB hardware design. This
characteristic is independent of the IC ground-pin
placement—center or at end of package. The EMI issue is
basically specification driven.

Input Impedance

Another difference is input impedance. CMOS devices have
a pure capacitive input: (5-8 picofarads) and near-infinite
resistance with no dc fanout restrictions. CMOS ICs,
consequently, have excellent buffering capabilities. TTL
devices have a 2.2-kilohm input resistance for inputs in the
low state. Without suitable terminations, CMOS parts will
reflect more voltage back on a transmission line.

CMOS parts, in the most desirable (AC) form with inputs
switching at 50. per cent of the supply voltage, have an
unsurpassed dc and ac noise margin and are three to four
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times more immune to noise caused by glitching, ground
bounce, or interface line reflections. ACT parts suffer from
the low value of the low-level input voltage (V.. = 0.8 volt) of
TTL parts and the resultant meager 0.3 to 0.4 volt of noise
margin. Current design requirements have reached a speed
for silicon logic ICs at which the Vi of only 0.8 volt is a
tremendous deterrent to good low-cost and super-reliable
designs. New “Smart” CMOS designs using ASICs and
standard CMOS logic (HC or AC form) are achieving
overwhelmingly superior performance with CMOS logic
levels. Those still designing at TTL levels are greatly
handicapped with little margin for error in PCB design—
using FAST or ACT devices.

Sensitivity to Power-Supply or Translent Varlations

CMOS is further distinguished in comparison with TTL by
virtue of the CMOS insensitivity to power supply dc or
transient variation as shown below.

Supply Voltage (Vcc) Temperature Range

FAST 74 TTL  4.75to 5.25 volts 0to 70°C
AC CMOS 1.5 to 6 volts -55 to +125°C

CMOS input switching voltage points are very stable over
the CMOS temperature range. TTL inputs shift four times
more (0.1 voit compared to 0.4 volt). Dynamic noise
immunity for CMOS is far superior over a wide temperature
range.

All-in-all, CMOS AC/ACT provides for designs with superior
characteristics so long as PCB layout guidelines are
carefully adhered to.

PCB LOGIC LAYOUT AND DESIGN CRITERIA

This section gives detailed information on the design and
layout of printed-circuit boards for high-speed logic
applications. When these guidelines are followed, the
designer will obtain the superior performance that CMOS
AC/ACT devices can provide.

The first step is to identify “critical paths” of signal
interconnections and position ICs so as to minimize the
length of these paths. The guidelines are:

a. A “critical path” is any signal interconnection that is
periodic such as clocks, strobes, etc. Also, any signals
that drive edge-sensitive inputs such as clock inputs,
resets, presets, latch-enables, etc.

b. Higher-speed logic containing “critical paths” should be
isolated to a confined area of the PCB near the power
entry point. This precaution reduces the inductance of
the supply distribution path to high-speed logic such as
AC/ACT.

c. The worst EMI generators are the periodic clock
distribution chips. The higher-order clock harmonics,
especially if the frequency exceeds 10 megahertz, which
is likely, often are additive to the power bus ringing
caused by ICs being switched. Though, special care to
minimize clock-path length is beneficial, the ground
return-paths for clock buffers are of utmost importance.
The ground returns should be confined to a small area of
the ground piane within a multilayer PCB. On two-sided
boards, the ground return should be run along with the
clock lines to reduce the return-path line length.

d. The best place to locate bus or backplane drivers is next
to the power entry point. These drivers often drive large-
value capacitors and hence generate large transients on
the power buses.
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PCB Materlal

Materials having low leakage-capacitance characteristics,
such as G-10 glass epoxy or better, should be used. Lossy
materials such as paper, epoxy, or phenolic are not
recommended.

Muitilayer Board

Itis much easier to establish low impedance Vcc and ground
returns using planes within a multilayer board (MLB) of at
least four layers. Vec and ground planes are buried and
signal traces are on the top and bottom layers. Two-sided
boards, at much lower cost, can be used effectively with
proper attention to trace width and to micro-strip-line to
establish trace-over-ground piane transmission lines, and
the like. A ground trace can be run in parallel with the clock
signals to minimize the ground-loop length and hence
shorten the antenna effect.

Isolated Vcc and Ground Planes in a Multilayer Board

Results are usuaily much better in terms of power-bus EMI
control if a medium- to large-size PCB has separated
ground and Vcc plane areas for each grouping of ICs.
Specific groupings to isolate noisy ICs are:

a. High-speed micros, memory, and logic.
b. Lower-speed logic and memory.

¢. I/0 interface circuits (near power entry).
d. Analog circuitry.

The Vcc and ground planes are connected by way of iarge
independent buses to a common point (power entry point)
as shown in Fig.72.

LOW-TO-MEDIUM-
SPEED DIGITAL -
HIGH-SPEED CPU
CIRCUITS & LOGIC/CLOCKS
POWER
CONNECTIONS —
LANES ~{_| P
TO ENTRY ™! aNALOG /)
CIRCUITS ,;/
' V7 1/O DRIVERS/RECEIVERS
/ = =4
'// =F
7
\\\\I/’ I/l/

[ POWERENTRY | SIGNAL ENTRY 1

POWER ENTRY & SIGNAL CONNECTIONS

92CS-43180

Fig. 72 - Separate Vcc and ground-plane areas on a multilayer
PCB reduce ground-loop paths and electrical interference.

IC Decoupling

a. Each AC/ACT should have its own decoupling capacitor
(Co), which must be a multilayer ceramic type, or
equivalent, with low equivalent series inductance (< 10
nanohenries) and low equivalent series resistance (less
than 0.5 ohm). The Cp value is given by:

Co = 10 {[Number of outputs] X [CL + Cep]

b. Thelead length of the decoupling capacitor Cp to the Vcc
and ground IC pins must be kept to an absolute minimum.

- Donotdecouplethe Vcc and ground plane by tying Co
between planes near an IC.

Do connect Cp leads right at the IC V¢ and ground
terminals. Preferred placement of the decoupling
capacitor is diagonal to the Vcc and ground pin—
under the IC or on the bottom of the PCB.

For SOP (surface mount), avold extra inductance of
through-board connections to Cp. It should be
remembered that an ampere or more of high-frequency
transient current courses between Vcc/GND pins and
the Cp body.

The clock, strobe, etc. periodic signal generator and
buffer ICs need more help than a simple Cp. They
should also have a series-connected ferrite bead at
the Vcc pin. Murata-Erie makes a three-terminal
combination ferrite bead and Cp device for this
purpose. The Ve pin looks back to about 40 ohms at
EMI frequencies of importance.

Power Bus Decoupling

Because the ringing energy from L-H transitions of a silicon
chip is the main source of EMI, power bus decoupling both
at the power entry point and throughout a medium- to
large-size board is essential. Capacitance equivalent to 100
times the sum total of all Co values on the board plus
properly valued and positioned ferrite beads at power entry
point makes a big difference. See Ref. 1 and 2 for more
information on the decoupling design and component
selection. EMI experts usually recommend distribution of
many lower-value ceramic capacitors instead of a few
large-value capacitors that inherently have higher equivalent
series inductance and resistance.

Signal Line Traces

Following are guidelines for the design of signal-line traces.
See Figs. 73 to 76.

LATCH ENABLE INPUT SWITCHING
LS

AT TTL LEVE
SET
CLOSE SPACE ]
_D \‘ EN b—
THIN TRACES CLR

LINE DRIVER

HEAVY DC & AC LOAD

92C8-42640

Fig. 73 - A poor layout in which high-current-driving traces are
placed close to edge-triggered inputs. Crosstalk between traces
can add noise.
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LATCH ENABLE INPUT |
SWITCHING AT TTL LEVELS I

WIDE S\P\ACE \_ o=
Y

>
_[>

LINE DRIVER WIDE TRACES

HEAVY DC & AC LOAD

92C8-42641

Fig.74 - Solution to problem shown in preceding figure. Separate
high-current-driving traces from edge-triggered input traces to
lessen crosstalk.
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Fig. 75 - Keep interconnect lengths as short as possible. Long
lengths add more inductance, and reflections are greater than with
a shorter path.

a. The wider the signal line trace is the better it is because
of the lower inductance.

b. The characteristic impedance of strip line or micro-strip
line should be 50 ohms or higher. Values close to 50
ohms are more effective in containing EMI than higher
values (greater than 100 ohms, for example).

c. Avoid 90-degree bends; use gradual bends.

d. Avoid long (greater than 5 inches) parallel runs. Long
parallel runs cause crosstalk..Place a ground line between
any long runs. Try to achieve 90-degree crossovers. If
long parallel lines are unavoidable, attenuate crosstalk at
the IC inputs with a small RC circuit (20 ohms, 100
picofarads to ground).

e. Keep paths short by using feedthroughs or vias. Line
inductance is a major contribution to ringing and EMI.

Signal Line Terminations

All interconnects benefit from either a series or shunt
termination for either short or long runs. There is less
ringing back to the power bus and, hence, EMI is reduced.

Interconnections of five inches or more are to be strictly
treated as transmission lines. For TTL logic levels either a
series or shunt termination must be used. If terminations
are not used, propagation delay could increase considerably
because of signals not switching on incident edges. For AC
logic, incident-edge switching will occur for lengths of at
least 12 inches. The line resonance, however, due to the
large inductance will cause more -EMI than desirable.
Consequently, it is best to terminate all traces of five inches
or more. More information on both series and shunt
termination is included in the System Design section.

Cables

As pointed out, a major factor in RFI/EMI emissions is the
periodic clock signals that have high-frequency harmonics.
These harmonics can be coupled into the Vec bus and then
to the outside world on any signal line or cable. Cables are
very efficient antennas because of their length (about 1
meter) and can be the major cause of emission problems. in
the PCB design, care should be taken to keep periodic clock
signals physically awayfrom /0 lines or power buses that
are connected to these cables or their driving ICs. Fig. 77

TO HIGH CURRENT
LOADED DATA BUS

OuTPUT
_ | ouTtPuT
1 CLOCK INPUT
— 200 |—
— -
>o.av--l— T AN
CROSSTALK

[—— CROSSTALK CAUSING
|— FALSE TRIGGERING
}— OF FLIP-FLOP OUTPUT

92C8-42638

Fig. 76 - A poor layout showing a switching data bus driving a
termination of 100 ohms or less. False triggering can be induced by
crosstalk in this circuit. Avoid running high-current bus traces
between any clock or strobe inputs.
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1/0 CONNECTOR

FRAME OR CHASSIS
] 4~ GROUND

/s, ~1/O CONNECTED WITH
METAL SHELL

SIGNAL GROUND AND
FRAME GROUND
CONNECTED AT 1/0
CONNECTORS

92CS-43179

Fig. 77 - Preferred cable grounding.

illustrates a preferred method of Vcc and ground distribution
for I/0 connectors. In this example, a PCB is shown with a
frame or chassis ground trace along the edge. The metal
sheli of these I/0 connectors are physically connected to it.
System ground or signal ground connects to frame ground
at the connectors themselves. This arrangement creates a
direct connection for any I/0 grounds right back to the
power supply.

Shielding

Over-reliance on equipment package or case shielding to
meet FCC RFI requirements is expensive and can be a big
variable. it is more economical to address power bus
ringing back at the IC-PCB interface by means of the
aforementioned guidelines. Some RFI, however, will be
emitted by high-speed digital PCB’s and some shielding is
necessary. Simple metal or foil shields positioned right next

to both upper and lower sides of a PCB are usually
adequate—and inexpensive. With the use of simple shields,
a lower-cost and RFi-leaky case can be used. Shields are
grounded at the power supply outlet, on the inside of the
case.

Layout CAD

At rise times of three nanoseconds and with ringing
harmonics out to 500 megahertz, much manual intervention
is needed to utilize computer-aided design (CAD) tech-
niques to do an RF circuit layout properly. The goal is to
build good high-speed digital interconnection and IC
placement criteria into CAD. CAD, however, should not
compromise the noise- and EMI-suppression guidelines
needed for reliable, low-cost, equipment design. It may
appear that a little time can be saved with a simple CAD
program, but if the design fails to meet FCC EMI require-
ments, as it is likely to do without considerable manual
attention from an experienced system designer, it quite
possibly will have to be redesigned at added cost and lost
time.

Acknowledgment—Much of the practical guidelines in PCB
and equipment design to lower EMI to well under FCC limits
result from the TKC, The Keenan Corporation, reference
material (see references) and GESS-funded
research at TKC on AC/ACT emission-reduction design
techniques—which is on-going as this data book goes to
press.
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MONITORING SYSTEM

The RCA AC/ACT series of Advanced CMOS Logic
Integrated Circuits has an established reliability data base
showing excellent reliability assurance. RCA has in place a
reliability monitoring system that assures a continuation of
excellent reliability by timely identification of negative
trends in reliability performance so that' corrective action
can be swiftly taken.

FAILURE RATE PREDICTION

Prediction of the failure rate of CMOS ICs is determined by
means of accelerated life testing under carefully monitored
conditions that simulate long-term device service. Table XV
and Fig. 78 show RCA AC/ACT logic failure rate estimates
at various temperatures. The 1.4 FITs (Failure in Time)
prediction at 55°C is current as of August 1988. Reliability
data will continue to be accumulated over the life of the
family.

Table XV - AC/ACT Fallure Rates (plastic dual-In-line
package). These data cover 1987 and the first half of 1988.

Temperature Equivaient Fallure Rate
(°C) Device Hours (A) FITs (B)
125 7.7x10° 680
85 2.0x10° 26
55 3.9x 10° 1.4
Quantity Life Tested (C): 6870
Quantity Outside Specifications: 4

(A) Extrapolation based on activation energy of 1.0 eV.

(B) FITs equal failures in 10° device hours estimated at a
60% upper confidence level.

(C) Combines bias life data at 175°C and bias plus
dynamic life data at 125°C
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Fig. 78. Failure rate estimate for AC/ACT logic ICs.

RELIABILITY TESTS

Table XVI shows the results of RCA Matrix | reliability test
monitors. The highly accelerated test conditions were
designed to provide rapid feedback of potential failure
mechanisms to the factory. Life tests are conducted at
175°C, which is well above the maximum rated temperature.
The HAST (Highly Accelerated Stress Test) is a tempera-
ture-humidity-bias environment test that quickly evaluates
the moisture-related performance of the plastic package-
die system.

Reliability

Table XVI - Rellability Tests (Matrix 1) (plastic dual-In-line
package). These data cover 1987 and the first halif of 1988.

Units | Devices Outside
Test/Conditions | Duration | Tested | Specifications
Static Bias Life | 48 hours 3720 3 (A)
Ta=175°C
Voo = Rated
HAST
Ta=145°C 20 hours 1800 1(A)
RH = 85%
Voo = Rated

RH = Relative Humidity

HAST = Highly Accelerated Stress Test

(A) Exceeded parametric limits because of bake-reversible
ionic drift.

The results of extended life monitors are shown in Table
XVII under Reliability Test Matrix II. The 125°C, bias, and
operating life tests are conducted at the maximum rated
temperature and voitage for the device. Time is extended to
1000 hours on each sample. Matrix Il also contains the
industry-standard 85° C, 85% relative humidity, bias life test
(THB). This test monitors long-term device performance
against data-sheet parameters for operation in a humid
environment.

Another plastic-package moisture-penetration testin Matrix
Il is the “pressure cooker” or autoclave test. In this test the
key objective is to try to force moisture into the plastic
package. Rejects are those ICs that are out of data-sheet
specification and confirmed to have chip metallization
corrosion by die inspection. RCA plastic ICs have special
lead-frame designs to help retard the entrance of moisture
and contaminants.

Table XVII - Extended Life Reliability Tests (Matrix I1)
(Plastic dual-in-line package). These data cover 1987 and
the first half of 1988.

Units |Devices Outside
Test/Conditions Duration | Tested| Specifications
Dynamic Life 1000 hours | 1250 0
125°C, 6V
Temperature,
Humidity, Bias 1000 hours| 2190 3 (A)
85°C, RH = 85%,
6V
HAST 20 hours | 2440 0
145°C,
RH =85%, 6 V
Pressure Cooker 192 hours | 2700 0
15 psig, 121°C
Storage Life 1000 hours | 900 0
150°C
Temperature Cycle 1000 cycles| 1200 0
-65°C to +150°C
(Air-to-air)
Thermal Shock 1000 cycles| 2300 0
-65°C to +150°C
(Liquid-to-liquid .

(A) Exceeded parametric limits; cause undetermined.
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Rellability

Performance degradation caused by a physical mismatch
of thermal expansion coefficients between the IC chip and
the package materials is detected by the Matrix Il tempera-
ture cycle and thermal shock tests. RCA plastic-package
systems are of such quality that at least 1000 cycles are
required to expose a possible thermal expansion problem.
The post-test device critique criteria include electrical data-
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sheet parameters and visible mechanical damage to the
package.

In addition to the above tests, physical-package-related
tests are periodically monitored. These tests include
solderability, lead fatigue, brand adhesion, flammability,
and bond puil.
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Enhanced Product

FEATURES

Enhanced Advanced CMOS Logic is Burned-In
and has a tighter AQL than standard product.
Burn-in Time* - 160 Hours

Bias Voltage -6 V

Identification is by an added suffix X to the
standard brand.

Examples for the 00 type in the plastic DIP
package
CD74ACO00EX
or
CD74ACTO0EX

*Or equivalent means equivalent time-
temperature/voltage resulting in the same
activation energy.

ENHANCED PRODUCT APPLICATION

The need to achieve the enhanced reliability
resulting from burn-in screening must be
determined by careful analysis of system design
and application.

How many IC'’s are incorporated into the total
system?

How many devices on each board?
Is the proper device being used for the application?
What are the reliability goals?

What failure rates are being experienced without
screening?

Cost-effectiveness of using enhanced CMOS can be
determined by mutual analysis of the economic
trade-offs made possible by the following features

PRODUCT FLOW
STANDARD PRODUCT

100% Burn-in
160 hrs
@ +125°C or
Equivalent*

¥

100% Parametric
& Functional
Tests @ +125°C

SAMPLE
Parametric &
Functional Tests
@ +125°C
AQL = 0.025%

. 2

ENHANCED
PRODUCT

[J Production state or Process
O Quality Assurance Step

of the program:
» Available in plastic package (Dual-In-Line).

« Offered on the industry’s broadest line of circuit
functions.

« 0.025% AQL cumulative; AQL on standard
product is 0.065% cumulative.

* Reduction in PC board reworking through fewer
line rejects.

* Lower warranty requirements through the
elimination of infant mortality failures.

» Reduced incoming inspection cost by reduction
or complete elimination of test procedures.

* Reduction of system failures and related service
expenses and customer complaints.
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Family Ratings and Specifications
Ratings and Operating Conditions

The absolute maximum ratings, recommended opera- Detailed technical information on each individual type is
tion conditions, and dc specifications tables of the provided in the technical data section.
AC/ACT family are shown on the following pages. Note
that the parameter loz applies only to three-state and
open-drain device types.

MAXIMUM RATINGS, Absolute-Maximum Values:A

DC SUPPLY-VOLTAGE (VCE) + v v v veenttnennaunennsnnsnsanesessesnteneneetamnetnsesacoscasterisiietisas -05t06V
DC INPUT DIODE CURRENT, lix (for Vi<-05VorVi>Vec +05V) ..ot +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-05VorVo>Vec +05V) ...oooiiniiiiiiiieiiiiiiiiiiienne +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo>-05VorVo<Vec +05V) .............. +50 mA
DC Voc 0f GROUND CURRENT (Icc OF IGND) « ¢« v v eenesasnansesssesereetanensuonanorasasaecetotasacess +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):

For Ta=-551t0+100°C (PACKAGE TYPE E) .....iuntnienatnetntiiiiiiiiiitiittaatatiacececoctasins 500 mW

For Ta=+100 to +125°C (PACKAGE TYPEE) ........ccovvriiiiniiinaann, Derate Linearly at 8 mW/°C to 300 mW.

For Ta=-5510 +70°C (PACKAGE TYPE M) ....iouiuiiniieeiiii ittt ataectiecnneneses 400 mW

For Ta=+701t0 +125°C (PACKAGE TYPEM) ......c.coiiiiinininiiiniiiinn, Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA) ++veevtnrtiireneeaeeanatoneentineeesaanesnsassannaansoscaans -55to +125°C
STORAGE TEMPERATURE (Tstg) -+« e eeveetnesuenanesnmaraseeatasseenasesssironeansessnasatersooacs -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING): .

At distance 1/16 + 1/32 in. (1.59 £ 0.79 mm) from case for 10 s maximum ................ ... i, +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

*(For up to 4 outputs per device; add + 25 mA for each additional output.)

AAbsolute-Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation Under these conditions is not implied.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

CHARACTERISTIC LIMITS UNITS
MIN. MAX.
Supply-Voltage Range, Vcc™:
(For Ta = Full Package-Temperature Range)
C Types 15 55 \
ACT Types 45 5.5 v

DC Input or Output Voltage, Vi, Vo 0 Veo \'
Operating Temperature, Ta -56 +125 °C
Input Rise and Fall Siew Rate, dt/dv

at 1.5 Vto 3V (AC Types) 0 50 ns/V

at 3.6 Vto 5.5V (AC Types) 0 20 ns/V

at 4.5 Vto 5.5V (ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.
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STATIC ELECTRICAL CHARACTERISTICS: AC Series

Family Ratings and Specifications

Specifications

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS TEST CONDITIONS Ve +25 -40to +85 S5104125 | yyrs
(“’,') ("'&) (v) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
. High-Level Input 15 1.2 - 1.2 — 1.2 —
Voltage Viu 3 | 21 | — | 21 | — | 21 | — v
55 3.85 — 3.85 — 3.85 —
Low-Level Input 15 — 03 — 0.3 - 0.3
Voltage Vu 3 — oo | — T o9 [ — | o9 v
55 — 1.65 — 1.65 —_ 1.65
High-Level Output -0.05 15 1.4 . 14 —_ 14 -
Voitage Vou | vy, 0.05 3. 29| — [ 20 | = [ 20 [ —
or -0.05 45 4.4 —_ 4.4 — 44 —
Vi -4 3 2.58 — 2.48 —_ 24 - \'
-24 45 3.94 — 3.8 - 37 —
8 * -75 55 | — — 3.85 — — —
-50 55 - - — — 3.85 —
Low-Level Output 0.05 15 — 0.1 — 0.1 — 0.1
Voltage Voo [y, 0.05 3 — 0.1 — 0.1 — 0.1
or 0.05 45 - 0.1 — 0.1 — 0.1
' 12 3 — 0.36 — 0.44 - 05 - \
24 45 . 0.36 —_ 0.44 — 0.5
4 * 75 55 | — — — 165 | — —
50 55 —_ — - — — 1.65
Input Leakage Vec
Current Iy or 55 — 30.1 — +1 — +1 A -
GND
3-State Leakage Vin
CurrentA loz or
Vi
Vo= 55 —_ +0.5 — +5 — +10 LA
Vee
or
GND
Quiescent Supply Vee
Current, MSIt lec or 0 5.5 —_ 8 - 80 - 160 HA
GND.

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

A3-State devices only (off-state leakage current for open-drain types).

1 SSI/FF limits are 4 uA @ + 25°C, 40 A @ 0 to +70°C, - 40 to +85°C, 80 uA @ -55 to +125°C.
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Specifications

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS N
CHARACTERISTICS Vee 25 4010 +85 55104125 | ynrs |
v)
M lo O 1 v, | max. | min. | max. | min. | max
| ) (mA) X AX. 5 . R
High-Level Input 4.5
Voltage Vin . to 2 — 2 — 2 — \
’ 5.5
Low-Level Input 4.5
Voltage \' to — 0.8 - 0.8 —_ 0.8 v
55
High-Level Output Vin -0.05" 45 44 _ 4.4 — 4.4 —
Voltage V. or
9 oy -24 45 | 394 | — 38 — 37 — v
4 * { -75 55 | — — 3.85 — — —
-50 55 —_ — —_ —_— 3.85 =
Low-Level Output Vin 0.05 45 — 0.1 — 0.1 — 0.1
Voltage V or _
g o Va 24 45 | — 036 | — | 044 05 v
4 * { 75 55 | — — — 165 | — —
50 55 — — — — — 1.65
Input Leakage Vee
Current h or 5.5 — +0.1 — +1 — +1 MA
GND
3-State or Leakage Vin
CurrentA loz | or
Vi
Vo= 55 — +0.5 — +5 — +10 LA
Vec
or
GND
Quiescent Supply Vee
Current, MSIt lcc or 0 5.5 — 8 — 80 —_ 160 HA
GND
Additional Supply Current 45
per Input Pin " _ . _ A
TTL Inputs High Alee | Vee2! ;"5 24 28 3 m
1 Unit Load )

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

A3-State devices only (off-state leakage current for open-drain types).

+ SSI/FF limits are 4 uA @ + 25°C, 40 uA @ 0 to +70°C, - 40 to +85°C, 80 uA @ -55 to +125°C.

OPERATING AND HANDLING CONSIDERATIONS
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Handling
All inputs and outputs of RCA CMOS devices have a
network for electrostatic protection during handling.
Recommended handling practices for CMOS devices
are described in ICAN-6525. “Guide to Better Handling
and Operation of CMOS Integrated Circuits.”
Operating

Operating Voltage
During operation near the maximum supply voltage
timit, care should be taken to avoid or suppress power
supply turn-on and turn-off transients, power supply
ripple, or ground noise; any of these conditions must
not cause Vec - Gnd to exceed the absolute maximum
rating.

. Input Signals

To prevent damage to the input protection circuit, input
signals should never be greater than Vcc nor less than
Gnd. Input currents must not exceed 20 mA even when
the power supply is off.

Unused inputs
A connection must be provided at every input terminal.
All unused input terminals must be connected to either
Vcec or Gnd, whichever is appropriate.

Output Short Circuits
Shorting of outputs to Vcc or Gnd may damage CMOS
devices by exceeding the maximum device dissipation.

Substrate Connection
When devices in chip form are used in hybrid appli-
cations, the substrate is connected to Gnd (as with all
p-substrate devices).
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Technical Data

CD54/74AC00
CD54/74ACTO00

14 —
Ib—z-

0y
2A —

S
® Type Features:
3a -2

1
3!—0

12

“ — 1

— 4y
GND =7
Vee*14
92CS-36520R2
FUNCTIONAL DIAGRAM &
TERMINAL ASSIGNMENT

a8 2

Sl

The RCA CD54/74AC00 and CD54/74ACT00 quad 2-input
NAND gates use the RCA ADVANCED CMOS technolegy.
The CD74AC00 and CD74ACTO0 are supplied in 14-lead
dual-in-line plastic packages (E suffix) and in 14-lead dual-
in-line small-outline plastic packages (M suffix). Both pack-
age types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C);
and Extended Industrial/Military (-55 to +125°C).

The CD54AC00 and CD54ACTO0, available in chip form (H
suffix), are operable over the -55 to +125°C temperature
range.

- Quad 2-Input NAND Gate

m Typical propagation delay (AC00):
32ns @ Vec =5V, Ta=25°C, CL = 50 pF

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
m SCR-Latchup-resistant CMOS process and circuit
design
m Speed of bipolar FAST®/AS/S with significantly
reduced power consumption
m Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply.
m + 24-mA output drive current
- Fanout to 15 FAST® ICs
- Drives 50-ohm transmission lines

INPUTS OUTPUTS
A B Y
L L H
H L H
L H H
H H L

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (Vcc) «vvvevenennninneenneaennnnnns

®FAST is a Registered Trademark of Fairchild Semiconductor Corp.

DC INPUT DIODE CURRENT, I (for Vi< -05VorVi>Vec +05V) .oooiniiiiiiiiiiiiiiiiiiiiiiianeeee

DC OUTPUT DIODE CURRENT, lok (for Vo < -0.5V or Vo > Vec +0.5 V)
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-0.5 V or Vo <Vec + 0.5 V)
DC Vec or GROUND CURRENT (lcc OF lgNp) o vovvvvnennnnnnn

POWER DISSIPATION PER PACKAGE (PD):

For Ta=-55 to.+100°C (PACKAGE TYPEE) ............

For Ta=+100 to +125°C (PACKAGE TYPE E)

For Ta=-55to +70°C (PACKAGE TYPEM) .............

For Ta = +70 to +125°C (PACKAGE TYPE M)

................................................. 500 mW

Derate Linearly at 6 mW/°C to 70 mW

OPERATING-TEMPERATURE RANGE (Ta) ...cciviiiniiiiiiiiiiiiiiaien, -55 to +125°C
STORAGE TEMPERATURE (Tstg) « e v vveeensneneneaeasereanssasenratonaaeasssseetsioneetonsaenaanonsns -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 + 1/32 in. (1.59 £ 0.79 mm) from case for 10 S Maximum ...........ciciieiiieiniiiiiiinines +265°C
Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

* For up to 4 outputs per device; add = 25 mA for each additional output.
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Technical Data

CD54/74AC00
RECOMMENDED OPERATING CONDITIONS: CD54/ 74ACT00

For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

CHARACTERISTIC LIMITS _ UNITS
MIN. MAX.
Supply-Voltage Range, Vcc*:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 \"
ACT Types 45 55 \
DC Input or Output Voltage, V), Vo 0 Vee
Operating Temperature, Ta -55 +125 °C -
Input Rise and Fall Slew Rate, dt/dv
at 1.5 V to 3 V(AC Types) 0 50 ns/V
at 3.6 Vto 5.5 V(AC Types) 0 20 ns/V
at 4.5 Vto 5.5 V(ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS TEST CONDITIONS Vee 25 -4010 +85 55104125 | ynirs
(“’,') ( n';;) ™ s | max. MIN. | MAX. | MIN. | MAX.
High-Level Input i 1.5 1.2 — 1.2 — 1.2 —
Voltage - Vi 3 | 21 — | 21 — | 21 — v
55 | 385 | — | 38 | — | 38 | —
Low-Level Input 1.5 — 0.3 — 0.3 —_ 0.3
Voltage Vi 3 — | o9 — | o9 — | o9 v
) 55 — 1.65 — 1.65 — 1.65
High-Level Output -0.05 1.5 1.4 — 14 — 1.4 —
Voltage Vou | vy, 0.05 3 | 20 | — 29 — 29 —
or 005 | 45 | 44 — 44 | — 44 —
Vi 4 3 | 258 | — | 248 | — 24 — v
24 45 | 394 | — 38 — 37 —
- ; 75 [ s5] — | — |38 | — | — | =
-50 55 | — — — — | 385 | —
Low Level Output 0.05 1.5 — 0.1 — 0.1 — 0.1
Voltage Voo |y, 0.05 3 — | o1 — | 0q — | o1
or 005 | 45 | — 0.1 — 0.1 — 0.1
Vi 12 3 — J o3 | — | oaa | — 05 v
24 45 | — [ 036 | — | 04a | — 05
- ; 75 55 | — — — 185 | — —
50 55 | — — — — — | 165
Input Leakage Vee
Current h or 5.5 — +0.1 —_ +1 — *1 MA
GND
Quiescent Supply Vee
Current, SSI lee or 0 5.5 _ 4 —_ 40 ) 80 MA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
* Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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CD54/74AC00
CD54/74ACTO00

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS )
CHARACTERISTICS Vee 25 -40to +85 55104125 | ynits
v)
(‘\’,-) ("'&) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input 45
Voltage Vin to 2 - 2 — 2 . \
55
Low-Level Input 45
Voltage Vi to — 08 —_ 0.8 - 0.8 v
55
High-Level Output ' Vin -0.05 45 44 - 4.4 - 44 —
Voltage Vou | g1 24 | 45 | 394 | — [ 38 | — |37 | — v
. -75 55 | — — | 38 | — — —
-50 5.5 —_ — - —_ 3.85 .
Low-Level Output Vin 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Vou | v 24 |45 | — |03 | — |o044 [ — |05 |
- 75 55 | — — — | 185 | — -
' 50 55 — — — — — 1.65
Input Leakage Vec
Current ly or 5.5 — +0.1 — +1 — +1 uA
GND
Quiescent Supply Vee
Current, SSI lec or 0 55 - 4 — 40 — 80 LA
GND
Additional Quiescent Supply 45
Current per Input Pin " ; _ _ . _ ’
TTL Inputs High Bl | Vo2t % 24 28 3 mA
1 Unit Load i

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT

UNIT LOAD*

All

0.1

*Unit load is Alcc limit specified in Static

Characteristics Chart, e.g., 2.4 mA max. @ 25°C.
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Technical Data

CD54/74AC00
CD54/74ACT00

SWITCHING CHARACTERISTICS: AC Series; t,, t, = 3 ns, C_ = 50 pF

v AMBIENT TEMPERATURE (T,) -°C
CHARACTERISTICS SYMBOL (‘ﬁf -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delay toi” 15 = 83 - 91
Input to Output tor 3.3* 27 9.3 26 10.2 . ns
5t 1.9 6.6 1.8 7.3
Power Dissipation Capacitance Cro§ . 45 Typ. 45 Typ. pF
Input Capacitance Ci —_ — | 10 — | 10 pF

SWITCHING CHARACTERISTICS: ACT Series; t, t, = 3 ns, C, = 50 pF

AMBIENT TEMPERATURE (Ta) -°C
 CHARACTERISTICS SYMBOL ‘(’% -40 to +85 -55.to +125 UNITS
MIN. MAX. MIN. © MAX.
Propagation Delay . ton 5t 28 9.8 27 10.8
Input to Output ton 5t 34 12 33 132 ns
Power Dissipation Capacitance Cro§ — 45 Typ. : 45 Typ. . pF
Input Capacitance . G — — 10" — ] -10 pF

*3.3V: min.is@36V
max.is@3V
15V: min.is@55V ' .
max.is@4.5V . . o
§Cro is used to determine the dynamic power consumption per gate.
For AC, Po = Vcc? f (Ceo + C1)
For ACT, Pp = Vei? fi (Ceo + Cv) + Ve Alcc where  fi = input frequency
' ’ ' C. = output load capacitance
Vee = supply voltage

QUTPUT

CL =
OUTPUT T 50 pF
LOAD :_l__: s
*FOR AC SERIES ONLY: WHEN
S Vee=15V,AL=1kA

92CS-42388R(

. 54/74AC 54/74ACT
Input Level ) Vec 3v
Input Switching Voltage, Vs 0.5 Vec 1.5V
Output Switching Voltage, Vs . 0.5 Vee 0.5 Ve

Fig. 1 - Propagation delay times.
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Technical Data

C D54/ 74AC02 Advance Information
CD54/74ACTO02

s = Quad 2-Input NOR Gate

3A
3B

= felo [o] |ob

o6t

an " AL Type Features:
48 ——

f,';g:,l m Typical propagation delay (AC02):
52C5- 36800 R! 6 ns @ Vec=5V, Ta=25°C, CL =50 pF
FUNCTIONAL DIAGRAM &
TERMINAL ASSIGNMENT
The RCA CD54/74AC02 and.CD54/74ACT02 quad 2-input Family Features:
NOR gates use the RCA ADVANCED CMOS technology. m Exceeds 2-kV ESD Protection - MIL-STD-883,
The CD74AC02 and CD74ACTO02 are supplied in 14-lead Method 3015
dual-in-line plastic packages (E suffix) and in 14-lead dual- ® SCR-Latch-up-resistant CMOS process and circuit design
in-line small-outline plastic packages (M suffix). Both pack- w Speed of bipolar FAST*/AS/S with significantly
age types are operable over the following temperature reduced power consumption
ranges: Commercial ((5 to 70°C); Industrial (-40 to +85°C), m Balanced propagation delays
and Extended Industrial/Military (-55 to +125°C). m AC type features 1.5-V to 5.5-V operation and balanced
The CD54ACO2 and CDS4ACTO2, available in chip form (H noise immunity at 30% of the supply
~ o m * 24-mA output drive current
suffix), are operable over the -55 to +125°C temperature "
range. - ganout tg 12 FAST* ICs y
TRUTH TABLE - Drives 50-ohm transmission lines .
*FAST is a Registered Trademark of Fairchild Semiconductor Corp.
INPUTS OUTPUTS
A B Y
L L H
H L L
L H L
H H L

.~ MAXIMUM RATINGS, Absolute-Max:mum Values:
o DC SUPPLY-VOLTAGE (VCC) 1o v veeer el et ettt eniisaneeaaasaaaneeennes e -05to6V

DC INPUT DIODE CURRENT, Iy (for V. C0BVOrViI>Vee t05V) oo e +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-05VorVo>Vec +05V) ... +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, 1o (for Vo > -0.5V or Vo < Vee+05V) ool +50 mA
DC Vec of GROUND CURRENT (Ioe OF IGND) + v v v v v et eeeesaeeimeaeeeaa e ie s et he et a et aeens +100 mA*
POWER DISSIPATION PER PACKAGE (Po):

For Ta=-551t0 +100°C (PACKAGE TYPE E) ...ttt ettt ianaaaasas 500 mW

For Ta = +100t0 +125°C (PACKAGE TYPEE) oo\ vvviiiiiniienen s S Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +70°C (PACKAGE TYPE M) ..ottt ittt aaanas 400 mwW

For Ta= +701t0 +125°C (PACKAGE.TYPEM) ... .civiiiiiiiiiiinniieiannen Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA) -t uinetuttintitiiieneeaaieat et etins e aeanonns -55 to +125°C
STORAGE TEMPERATURE (Tstg) + .+ v« v veennanenenanuteneisaneaeaeataseneneenentsenusuoiemueieananns -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING): .

At distance 1/16 £+ 1/32 in. (1.59 £ 0.79 mm) from case for 10 s Maximum ...........cciiiuiiii e +265°C

Unit inserted into-PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

*For up to 4 outputs per device; add & 25 mA for each additional output.

File Number 1978
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Technical Data

CD54/74AC02
CD54/74ACTO02

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

LIMITS
CHARACTERISTICS UNITS
MIN. MAX.
Supply-Voltage Range, Vcc*:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 \
ACT Types 45 55 \
DC Input or Output Voltage, Vi, Vo 0 Vee \
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at1.5Vto 3V (AC Types) ] 50 ns/V
at 3.6 Vto 5.5V (AC Types) 0 20 ns/V
at4.5Vto 55V (ACT Types) 0 10 ns/V

“Unless otherwise specified, all voltages are referenced to ground.

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS y
CHARACTERISTICS Ve 25 -40 1o +85 55104125 |yt
V) -
v, o |
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
v) (mA)
High-Level Input . 15 1.2 — 1.2 — 1.2 —
Voltage Vin 3 21 — 21 |° — 2.1 — \
55 3.85 . 3.85 — 3.85 —
Low-Level Input 15 — 03 — 0.3 - 0.3
Voltage Vi 3 — 0.9 — 09 — 0.9 v
55 — 1.65 — 1.65 — | 165 |-
High-Level Output -0.05 1.5 14 . 14 — 14 .
Voltage Vou | 005 | 3 |29 [ — [ 20 | — |29 | —
or -0.05 4.5 4.4 — 4.4 — 4.4 —
Vi -4 3 | 258 | — | 248 | — 24 — v
-24 45 | 394 — 38 — | 37 —
- -75 55 | — — 38 | — — —
-50 55 — — —_ — 3.85 —
Low-Level Output 0.05 15 — 0.1 — 0.1 — 0.1
Voltage Vou | vy 0.05 3 — 0.1 — 0.1 — 0.1
or 0.05 45 —_ 0.1 — 0.1 — 0.1
Vi 12 3 - 0.36 — 0.44 — 0.5 v
24 4.5 — 0.36 — 0.44 — 0.5
4 * { 75 5.5 — — — 1.65 — —
50 5.5 — . — — — 1.65
Input Leakage Vee
Current I or 55 — 0.1 — +1 — +1 LA
GND
Quiescent Supply Vee
Current, SSI lec or 0 55 — 4 — 40 . 80 MA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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CD54/74AC02

CD54/74ACT02

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C

TEST CONDITIONS
CHARACTERISTICS Veo +25 -40to +85 -5510+125 |\t
v)
(\\’/') (“'&) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input 45
Voltage Vin to 2 — 2 — 2 — \
55
Low-Leve! Input 45
Voltage Vi to — 0.8 — 0.8 —_ 0.8 '
55
High-Level Output Vin -0.05 45 4.4 — 4.4 — 4.4 —
Voltage Vou | g1 24 |45 [ 394 | — |38 | — |37 | — v
§* -75 55 | — — 3.85 — — —
' -50 55 — — - — 3.85 —
Low-Level Output Vi 0.05 45 — 0.1 — 0.1 — 0.1
Volt
oftage Voul —or 24 45 | — |03 | — |o044a | — | 05
w . Vv
4 o* ! 75 55 | — - — 1.65 — —
e 50 55 | — — — — — 1.65
Input Leakage Vee
Current h or 55 — +0.1 — +1 — +1 A
) GND ’
Quiescent Supply Vee
Current, SSI lce or 0 5.5 — 4 — 40 — 80 MA
: GND
Additional Quiescent Supply 45
Current per input Pin _ . _ _ _
TTL Inputs High Al | Vee2? to 24 28 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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ACT INPUT LOADING TABLE

INPUT

UNIT LOAD*

ALL

0.32

*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 24 mA max. @

25°C.




Technical Data

SWITCHING CHARACTERISTICS: AC Series; 1, 1, = 3 ns, C, = 50 pF

CD54/74AC02
.~ CD54/74ACTO02

L v ‘AMBIENT TEMPERATURE (T,) - s
CHARACTERISTICS SYMBOL (\ff -40 to +85 -55 to +125 UMNITS
MIN. MAX. MIN. MAX.
Propagation Delay . tom 15 — 131 = A 144
Input# Output s torL 3.3 41 14.6 4 16.1 ns
. 5t 3 104 297, 115
Power Dissipation Capacitance Cro§ — "85 Typ. 55 Typ. pF
Input Capacitance Ci — - 10 — ] 10 pF
; ey
~SWITCHING CHARACTERISTICS: ACT Series; ‘.ﬂ:; 3ns, C, =»50'pF
v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (\7;’ -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delay teun
Input to Output torL 5¢ 3.1 111 3.1 12.2 ns
Power Dissipation Capacitance Cro§ — 55 Typ. 55 Typ. pF
Input Capacitance C — C— 10 — 10 pF

*33V:min.is@36V
max.is@3V

min.is@55V
max.is @ 4.5V

§Cero is used to determine the dynamic power consumption, per gate.
For AC series: Pp= Vcc2 fi (CPD + CL)
For ACT series: Pp = Vo® f; (Cro + Ci) + Ve Alec where f; = input frequency
C. = output load capacitance
Vee = supply voltage.

15 V:

ouTPUT

GND

L =
OUTPUT T 50 pF
LOAD .1: 3
“FOR AC SERIES ONLY: WHEN
vec =15V, RL=1kQ

92C3-42388R|

CD54/74AC

CDS54/74ACT

Input Level Vee 3v
Input Switching Voltage, Vs 0.5 Vee 15V
Output Switching Voltage, Vs 0.5 Vee 0.5 Vee

Fig. 1 - Propagation delay times and test circuit.
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Technical Data

CD54/74AC04, CD54/74AC05

CD54/74ACT04, CD54/74ACTO05

1 -
1A ——-D»—z v

Hex Inverters

e P CD54/74AC/ACTO04 - Active Outputs

_ {>°__.___“ CD54/74AC/ACTOS5 - Open-Drain Outputs

“w— Do— LI

a—2 —{>o—-'—°—'§\7 Type Features:

. m Buffered inputs

ot —-[>°— = u Typical propagation delay (AC04/05):
sacs-sesom Vec*1e 35ns@ Vec=5V, Ta=25°C, CL = 50 pF
FUNCTIONAL DIAGRAM & -
TERMINAL ASSIGNMENT

The RCA-CD54/74AC04, -05 and CD54/74ACT04, -05 hex
inverters use the RCA ADVANCED CMOS technology. The
CD54/74AC/ACTO04 have active outputs; the CD54/74AC/
ACTO5 have open-drain outputs.

The CD74AC04, -05 and CD74ACTO04, -05 are supplied in
14-lead dual-in-line plastic packages (E suffix) and in 14-
lead dual-in-line small-outline plastic packages (M $uffix).
Both package types are operable over the following tempera-
ture ranges: Commercial (0 to 70°C); Industrial (-40 to
+85°C); and Extended Industrial/Military (-55 to +125°C).

The CD54ACO04, -05 and CD54ACTO4, -05, available in chip
form (H suffix), are operable over the -55 to +125°C
temperature.

TRUTH TABLES
CD54/74AC/ACT04 CD54/74AC/ACTO05
INPUT OUTPUT INPUT OUTPUT

A Y A Y
L H L z
H L H L

Z = High Impedance
MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (Vo) + v vvvvvrananeivnenasncnaninns
DC INPUT DIODE CURRENT, Ik (for Vi <-05VorVi>Vec+05V) .....ooiiiiiiiiiiiiiiiiiiian,
DC OUTPUT DIODE CURRENT, lox (for Vo <-0.5 V or Vo > Ve + 0.5 V)
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-0.5 V or Vo < Vec + 0.5 V)
DC Vcc or GROUND CURRENT (lcc Of lgND) < v eovveneeennnns g

POWER DISSIPATION PER PACKAGE (Pp):

For Ta =-55 to +100°C (PACKAGE TYPEE) ............

For Ta = +100 to +125°C (PACKAGE TYPE E)

For Ta=-55to +70°C (PACKAGE TYPEM) ".............

For Ta = +70 to +125°C (PACKAGE TYPE M)

Family Features:
a Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
® SCR-Latchup-resistant CMOS process and circuit design
a Speed of bipolar FAST®/AS/S with significantly
reduced power consumption
m Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
m t 24-mA output drive current
- Fanout to 15 FAST® ICs
- Drives 50-ohm transmission lines

®FAST is a Registered Trademark of Fairchild Semiconductor Corp.

................................................. 500 mW

Derate Linearly at 6 mW/°C to 70 mW

OPERATING-TEMPERATURE RANGE (TA): +-cvvnttntuinrenoneireeararaneieoeneansssioseenoneanadonens -55 to +1256°C
STORAGE TEMPERATURE (Tatg) -« v eoeeeneenenrereuenoenanenseasotenansaearsssssisssesenansonanaans -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 = 1/32 in. (1.59 & 0.79 mm) from case for 10 s maximum ............ccccviiiiiiiiiieiiaen +265°C
Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

* For up 10 4 outputs per device; add + 25 mA for each additional output.
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Technical Data

CD54/74AC04, CD54/74AC05
RECOMMENDED OPERATING CONDITIONS: CD54/74ACT04, CD54/74ACT05

For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges: :

‘ LIMITS
CHARACTERISTIC UNITS
MIN. MAX.
Supply-Voltage Range, Vcc*:
(For Ta = Full Package-Temperature Range)
AC Types 1.5 55 v
ACT Types 45 55 \
DC Input or Output Voltage, Vi, Vo 0 Vee \"
Operating Temperature, Ta: -55 +125 [ °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3V (AC Types) 0 50 ns/V
at 3.6 V1o 5.5 V (AC Types) 0 20 ns/V
at4.5Vto 5.5V (ACT Types) g 10 ns/V

“Unless otherwise specified, all voltages are referenced to ground.

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Ve 125 ~40 to +85 55104125 | \irs
V)
Vi lo ™ L win, | max. | min | max. | i, | max
o (mA) . . . g . .
High-Level Input 1.5 1.2 — 1.2 — 12 —
Voltage Vi 3 2.1 — 2.1 — 2.1 — v
55 | 385 - 3.85 — 3.85 —
Low-Level Input ) 15 — 0.3 — 0.3 — 03
Voltage Vi 3 — 09 — | o9 — 0.9 v
55 — 1.65 — 1.65 — 1.65
High-Level Output -0.05 15 1.4 — 14 — 1.4 —
Voltage (04) Vo |y, 0.05 3 | 29 _ 29 — 29 —
or -0.05 45 4.4 — 44 — 44 —
Vi -4 3 258 — 2.48 — 24 — %
-24 45 | 3.94 — 38 — 37 —
- { -75 55 - — 385 — — —
-50 556 | — — — — 3.85 —
Low-Level Output 0.05 15 — 0.1 — 0.1 — 0.1
Volitage Vou |y, 0.05 3 — 0.1 — 0.1 — 0.1
or 0.05 45 — 0.1 _ 0.1 — 0.1
Vi 12 3 — 0.36 — 0.44 — 05 v
24 45 — 0.36 - 0.44 — 05
4 * { 75 55 — — — 1.65 — —
50 55 —_ — — — — 1.65
Input Leakage Vee
Current [ or 55 — 10.1 - +1 — +1 LA
GND
Quiescent Supply Vee
Current, SSI lec or 0 55 — 4 — 40 — 80 MA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
* Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.




Technical Data

CD54/74AC04, CD54/74AC05

CDS4/74ACT04 CDS4/74ACT05

STATIC ELECTRICAL CHARACTERISTICS ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Ve 25 ~40 1o +85 55104125 | nits
v)
(“’,') (“'&) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input 45 .
Voltage Vi to 2 — 2 —_ 2 - \
55
Low-Level Input 45
Voltage ' to — 08 - 08 — 08 \
55
High-Level Output Vin -0.05 4.5 4.4 — 44 — 4.4 —
Voltage (04) Von \(l)»[ 24 45 | 394 - 38 | — 37 — v
4 { -75 55 | — — 3.85 — — —
' -50 55 | — — — — | 3s8s -
Low-Level Output Vin 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Vo | o 24 a5 | — | 036 | — |04 | — | 05 v
4 * { 75 5.5 — - — 1.65 — —
' 50 55 | — — — — — | 165
Input Leakage Vee
Current I or 5.5 — +0.1 — +1 — +1 LA
GND
Quiescent Supply Vec
Current, SSI lec or 0 55 — 4 — 40 — 80 LA
GND
Additional Quiescent Supply 45
Current per Input Pin 5 _ _ _
TTL Inputs High Alec | V2! to 24 28 8 | mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum.50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT

UNIT LOAD*

nA

0.18

*Unit load is Alcc limit specified in Static

Characteristics Chart, e.g., 2.4 mA max. @ 25°C

OUTPUT

CL =
OUTPUT T 50 pF
LOAD l P

“FOR AC SERIES ONLY: WHEN
Vee =15V, RL=1kQ

925 - 42389

ouTPUT

Fig. 1 - Propagation delay times and test circuit - AC/ACT04. 9acs-araiz
CD54/74AC |CD54/74ACT
Input Level Vee 3V
Input Switching Voltage, Vs 0.5 Vee 15V
Output Switching Voltage, Vs 0.5 Ve 0.5 Vec




Technical Data

SWITCHING CHARACTERISTICS: AC Series;

C DS4/74ACO4 CD54/74AC05
CDS4/74ACT04 CDS4/74ACT05

t,4,=3ns,C, =

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (“,’; -40 to +85 -55 to +125 UNITS
. MIN. MAX. MIN. MAX.
Propagation Delays: toun 15 = 74 - ‘81
Input to Output (04) terL 3.3 23 104 23 9.1 ns
5t 1.7 59 16 6.5
15 — 74 - 81
High Z to Output Low (05) teze 33 23 10.4 23 9.1 ns
5 17 59 16 6.5
. 15 - 94 — 103
Output Low to High Z (05) tez 33 3 10.4 29 115 ns
5 22 75 21 8.2
Power Dissipation Capacitance Ceo§ — 105 Typ. 105 Typ.. pF
Input Capacitance C — . | 10 — [ 10 pF .
SWITCHING CHARACTERISTICS: ACT Series; , t, = 3 ns, C._, =50 pF )
: ) 7 ’ v . AMBIENT TEMPERATURE (T,) - °C . K
' CHARACTERISTICS . - SYMBOL (“,:;’ =40 to +85 -55 to +125 CUNITS
: . . MIN. MAX. MIN. - MAX.
Propagation Delays: S towt i . .
Input to Ql{tput (04) tene . 5t 24 8.5 23 93 ns .
Output Low to High Z’ teiz 5 28 .98 " 27 108 ns
High Z to Output Low (05) tezL 5 24 8.5 23 9.3 ns -
Power Dissipation Capacitance Ceo§ — 105 Typ. 105 Typ. pF
-Input Capacitance- - . C — — s ] 10 — " 10 pF.

*3.3V: min.is@36V
max.is@3V

min. is@55V
max.is @4.5V

5 V:

QUTPUT
Low

OUTPUT
°  OFF

Vee? fi (Cep +

£

Cu)

OUTPUT
- Low

5008

— INPUT LEVEL

§Corp is used to determine the dynamic power consumption, per inverter.
For AC, Pp =
For ACT, Pp = V2 f; (CPD + CL) + Ve Alcc, where f; =

input frequency
C. = output load capacitance
Vce = supply voltage.

\

92C5- 42413

Fig. 2 - Propagation delay times and test circuit - AC/ACTOS.

CD54/74AC |CD54/74ACT
Input Leve! Vee 3v
Input Switching Voltage, Vs 0.5 Vec 15V
0.5 Vee 0.5 Ve

Output Switching Voltage, Vs

85




Technical Data

CD54/74AC08
CD54/74ACTO08

5 Quad 2-Input AND Gate

5 [}
28 —ﬂ 38 Type Features:
2y = L2 34 u Buffered inputs
2 s n Typical propagation delay (AC08):
GNE — 3 43ns@ Vec =5V, Ta=25°C, CL=50pF
92C5-37971
FUNCTIONAL DIAGRAM &
TERMINAL ASSIGNMENT

The RCA CD54/74AC08 and CD54/74ACT08 quad 2-input  Family Features:
AND gates use the RCA ADVANCED CMOS technology. - KV H ”__ TD 333
The CD74ACO8 and CO74ACTOB are supplied in 14-lead ™ Lxoeeds 2V ESD Protection - MIL-S

dual-in-line plastic packages (E suffix) and in 14-lead dual- SCR-Latchup-resistant CMOS process and circuit design
in-line small-outline plglstlc packar?esf(l:/ll suffix). Both pat\ck- Speed of bipolar FAST*/AS/S with significantly

age types are operable over the following temperature . ;

ranges: Commercial (0 t6 70°C); Industrial (-40 to +85°C); reduced power consumption

and Extended Industrial/Military (-55 to +125°C). : ﬁé’i;;gg ,f);:glarga;fg?vdteolagz-v operation and balanced
The CD54AC08 and CD54ACTO08, available in chip form (H noise immunity at-30% of the supply.
suffix), are operable over the -55 to +125°C temperature =t 24-mA output drive current
range. - Fanout to 15 FAST* ICs
TRUTH TABLE - Drives 50-ohm transmission lines
Inputs - Ougput *FAST is a Registered Trademark of Fairchild Semiconductor Corp.
nA nB nY
L L L
H L L
L H L
H . H H

MAXIMUM RATINGS, Absolute-Maximum Values:

% DO SUPPLY-VOLTAGE (VEC) v v e vevreeeaaeanennnassanaeaeaatonisisoaeneeaasstsanaecentieateoaenns -0.5t06V
DC INPUT DIODE CURRENT, Ik (for Vi< -0.5VorV,>Vec+05V) ....... +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo < -0.5 V or Vo > Vee + 0.5 V) +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, o (for Vo >-0.5VorVo<Vcc +05V) .......... +50 mA
DC Vec or GROUND CURRENT (lcc or |GND) ........................... PR R A +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):

For Ta=-5510 +100°C (PACKAGE TYPE E) . ...\iuiuintii ittt ctenenees 500 mW
For Ta = +100 to +125°C (PACKAGE TYPE E) .. Derate Linearly at 8 mW/°C to 300 mW

FOr Ta=-5510 +70°C (PACKAGE TYPE M) ... iiminmtiet ittt annes 400 mW
For Ta = +70t0 +125°C (PACKAGE TYPE M) . Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta) ........ R AP e, -55to +125°C
STORAGE TEMPERATURE (Tstg) « e vveveuinuentnrnarasenesensatsionmmatataneieaeneasetoeoasannes -65to +150°C
LEAD TEMPERATURE (DURING SOLDERING)
At distance 1/16 = 1/32 in. (1.59 £ 0.79 mm) fromcasefor103max:mum e eeieieiiiieea., . 1+265°C
Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ........ +300°C

*For up to 4 outputs per device; add & 256 mA for each additional output.

File Number:1950




Technical Data

CD54/74AC08
CD54/74ACTO08
RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, normal operating conditions should be selected so that aperation is always within the
following ranges: ) : -

’ LIMITS
CHARACTERISTIC 1T
. MIN. MAX. UNITS
Supply-Voltage Range, Vec*: .
(For Ta = Full Package-Temperature Range)
AC Types 15 55 \"
ACT Types 45 5.5 \
DC Input or Output Voltage, Vi, Vo - : 0 Vee \Y
Operating Temperature, Ta ‘ -55 +125 °C
Input Rise and Fall Stew Rate, dt/dv
at 1.5V to 3V (AC Types) 0 50 ns/V
at3.6 V1o 5.5V (AC Types) - 0 20 ns/V
at4.5V 1055V (ACT Types) 0 10 ns/V

“Unless otherwise specified, ail voltages are referenced to ground.

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS ‘ Vee *25 -40 to +85 S5 ynirs
V)
v, A
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
v) (mA) | MIN .
High-Level Input 15 1.2 = 1.2 — 1.2 —
Voltage Vin 3 | 21 — | 21 — | 21 — v
55 385 — 3.85 — 3.85 —_
Low-Level Input 15 - 0.3 — 0.3 — 0.3
Voltage Vi 3 —_ 09 —_ 0.9 — 09 Vv
55 —_ 1.65 — 1.65 - 1.65
High-Level Output . . -0.05 1.5 14 - 14 — 14 —
Voltage Vou , 0.05 3 | 29| — [ 28 | — 29 | —
Vi -0.05 45 44 — 44 — 44 —
or -4 3 .2.58 — 2.48 — 24 — v
Vio -24 45 3.94 — 3.8 - 3.7 —
- -75 55 | — — | 38 | — — —
-50 5.5 —_ — —_ - 3.85 —
Low Level Output 0.05 15 — 0.1 - 0.1 — 0.1
Voltage Vou [ vy, 0.05 3 — 1 o1 — | 01 — | 0a
or 0.05 45 - 0.1 - 0.1 — 0.1 v
Vi 12 3 — 0.36 _ 0.44 —_ 0.5
24 45 — 0.36 — 0.44 —_ 0.5
8 * 75 55 | — — — 165 | — —
50 55 — — —_ — — 1.65
Input Leakage Vee
Current Iy or 55 — 0.1 — +1 — +1 y77:
GND
Quiescent Supply Vee
Current, SSI lee or 0 5.5 — 4 — 40 — 80 MA
GND

#Test one output at a time for a 1-second maximurn duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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Technical Data

CD54/74AC08
CD54/74ACTO08

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS . .
CHARACTERISTICS Voo +25 40 to +125 55104125 | \ire
V)
M) lo ™ T uin, [ max | miv, | max | min. | max
(V) (mA) ) )
High-Level Input 45
Voltage Vin to 2 — 2 — 2 — "
5.5
Low-Level Input 45
Voltage Vi to — 0.8 - 0.8 . 0.8 v
55
High-Level Output Vin -0.05 45 44 — 44 — 44 —
Voltage Vou | OF 24 45 | 394 | — | 38 | — | 37 | —
Vi \
¥ * -75 5.5 — — 385 — — —
-50 5.5 — _ — —_ 3.85 -
Low-Level Output Vin 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Voo | 9r 24 |45 | — |03 | — |o44a | — |05 | v
4 x 75 55 | — - — 1.65 — —
50 5.5 —_ —_ — — — 1.65
input Leakage Vee
Current Iy or 5.5 — +0.1 — +1 — +1 MA
GND
Quiescent Supply Vee
Current, SSI lec or 0 55 - 4 —_ 40 - 80 MA
GND
Additional Quiescent Supply 45
Current per input Pin - i _ _ 28 _ A
TTL Inputs High Alge | Vet o 24 : 8 m
1 Unit Load i

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT UNIT LOADS*

All 03

*Unit load is Alcc limit specified in Static

Characteristics Chart, e.g., 2.4 mA max. @ 25°C.




Technical Data

CD54/74AC08
CD54/74ACTO08

SWITCHING CHARACTERISTICS: AC Series; 1, t, = 3 ns, C, = 50 pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL v -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: toun 15 —_ 99 - 109
Input to Output tort 33" 3.1 1.1 3.1 122 ns
o 5t 2.2 7.9 2.2 8.7
Power Dissipation Capacitance Ceo§ — 50 Typ. 50 Typ. pF
Input Capacitance Ci — - [ 10 — I 10 ‘pF
SWITCHING CHARACTERISTICS: ACT Series; 1, t, = 3 ns, C, = 50 pF
v AMBIENT TEMPERATURE (T,) - °C .
CHARACTERISTICS SYMBOL o -40 to 485 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: trun
Input to Output tore 5t 33 ) 17 3.2 12.9 ns
Power Dissipation Capacitance Cro§ — 50.Typ. 50 Typ. pF
Input Capacitance Ci - — 10 — 10 pF
*33V:min.is@36V
max.is@3V
15V: min.is@55V
max.is@ 4.5V
§Ceo is used to determine the dynamic power consumption, per gate.
For AC series: Po = Vcc® f; (Cro + Cu)
For ACT series: Po = Ve fai (Ceo + Cu) + Ve Alec where  f, = input frequency
C. = output load capacitance
Vec = supply voltage.
OUTPUT 1,=3ns tg=3ns
INPUT LEVEL —_— ——90 %
vy —_— Vs

out
ouwurlgé oF ' —_—— s
Loap L Vo
*FOR AC SERIES ONLY: WHEN
Vee =15V, Ap = 1kQ ) 'pLH teHL
92C5-42389 92C5-42443
CDS54/74AC {CD54/74ACT

Input Level Vee 3v
Input Switching Voltage, Vs 0.5 Vec 15V
Output Switching Voltage, Vs 0.5 Ve 0.5 Ve

Fig. 1 - Propagation delay times and test circuit.




Technical Data

CD54/74AC10
CD54/74ACT10

Advance Information

a — L=~ vee :
13 .
® 2 Ic Triple 3-Input NAND Gate
3 té_, 12
2A 1Y
28 — LI
ac 2 | 10 58 Type Features:
m Typical propagation delay (AC10):
2y —2 S 3 6ns @ Vec =5V, Ta=25°C, CL=50 pF
-7 8
GND — —3v
92CS~-37989
FUNCTIONAL DIAGRAM &
TERMINAL ASSIGNMENT

The RCA CD54/74AC10 and CD54/74ACT10 triple 3-input

NAND gates use the-RCA ADVANCED CMOS technology. .

The CD74AC10 and CD74ACT10 are supplied in 14-lead
dual-in-line plastic packages (E suffix) and in 14-lead dual-
in-line small-outline plastic packages (M suffix). Both pack-
age types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C);
and Extended Industrial/Military (-55 to +125°C). The
CD54AC10 and CD54ACT10, available in chip form (H suf-
fix), are operable over the -55 to +125°C temperature range.

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015 .
u SCR-Latch-up-resistant CMOS process and circuit design
u Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
w Balanced propagation delays
m AC type features 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
@ * 24-mA output drive current
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE
INPUTS OUTPUTS

nA nB nC nY
L L L H

L L H H

L H L H

L H H H

H L L H

H L H H

H H L H

H H H L

Fite Number 1977




Technical Data

CD54/74AC10
CD54/74ACT10

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (Vec) - vvvvvnnniinnennnnn, R T -05to6V
DC INPUT DIODE CURRENT, fix (for Vi <-0.5V or Vi > Vee + 0.5 V) oo +20 mA
DC OUTPUT DIODE CURRENT, lo (for Vo <-0.5V Or Vo> Vec + 0.5 V) oovovnrinnn 0 +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (forVo>-05VorVo<Vec+05V) .............. +50 mA
DC Vee or GROUND CURRENT (loc OF laND) «vvovvvveinninns e e e +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):

For Ta = -5510 +100°C (PACKAGE TYPE E) ........ottunniee et 500 mW

For Ta=+100to +125°C (PACKAGE TYPEE) ........uvneeurniaaannan . Derate Linearly at 8 mW/°C to 300 mW

For Ta = -5510 +70°C (PACKAGE TYPE M) . ...o0uuniiii et 400 mW

For Ta =470 to +125°C (PACKAGE TYPEM) ......oouiinireiiaann . Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA) ... .uutttiteeeee ettt -55to0 +125°C
STORAGE TEMPERATURE (Tatg) «« v ev vt e e ettt ettt e -65to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32 in. (1.59 + 0.79 mm) from case for10's Maximum . ................oeeeeonnee i, +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

"For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS: -
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges: :

CHARACTERISTICS ) LIMITS UNITS ‘
. MIN. MAX.
Supply-Voltage Range, Vee*:
(For Ta = Full Package-Temperature Range)
: AC Types ’ 15 55 \;
ACT Types 45 5.5 Vv
DC Input or Output Voltage, Vi, Vo 0 Vee "
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv ’
at 1.5V to 3V (AC Types) 0 50 ns/V
at3.6 Vto 5.5V (AC Types) 0 20 ns/V
at4.5V to 5.5V (ACT Types) 0 10 ns/V

*Unless otherwise specified, all voliages are referenced to ground.

9t




Technical Data

CD54/74AC10

CD54/74ACT10

STATIC ELECTRICAL CHARACTERISTICS: AC Series

TEST CONDITIONS

AMBIENT TEMPERATURE (T,) - °C

. CHARACTERISTICS Vee +25 4010485 | 55104125 |1
V) -
v, o | ¢
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
(v) (mA) |
High-Level Input 1.5 1.2 — 1.2 — 1.2 . —
Voitage Viu 3 21 — 21 — 21 - A
55 3.85 — 3.85 - 3.85 —
Low-Level input 15 — 0.3 —_ 0.3 - 03 o
Voltage Vi 3 — 09 — 0.9 — 0.9 v
55 — 1.65 - 1.65 — 1.65
High-Level Output _ -0.05 15 14 — 14. | — 14 —
Voltage Vou !, 0.05 3.] 29 | — 29 | — 29 | —
H
or -0.05 45 44 — 44 — 4.4 —
Vie -4 3 [ 288 | — | 248 | — 24 — v
-24 4.5 3.94 — 3.8 — 3.7 —
W -75 55 | — — | 38 | — — —
-50 55 — — — — 3.85 —_—
Low-Level Output 0.05 1.5 — 0.1 — 0.1 — 0.1
Voltage Vou |y, 0.05 3 — | oa — ] o1 — | o1
or 0.05 45 — 7] 01 — 0.1 — 0.1
Vie 12 3 — |03 | — |04 | — 05 v
24 45 — 036 | — 0.44 — 05
8 * 75 55 | — — — 165 | — —
50 5.5 —_ — —_ -_ — 1.65
Input Leakage Vee !
Current Iy or 5.5 — +0.1 — +1 — +1 MA
GND
Quiescent Supply . Vee
Current, SSI lcc or 0 55 — 4 = 40 — 80 uA
GND

-#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.




Technical Data

CD54/74AC10
CD54/74ACT10

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS \
CHARACTERISTICS Ve *25 -40 1o +85 55104125 | ynirs
v) |
(‘\’,') ( n'&) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.-
High-Level Input 45
Voltage . Viu to 2 — 2 - 2 — v
5.5
Low-Level Input 45 : ’
Voltage Vi to — 0.8 - 0.8 — 0.8 \"
55 »
High-Level Output \gn -0.05 45 4.4 — 44 — 4.4 —_
r
Voltage Vou | g0 24 |45 [ 394 | — [ 88 | — [a7 | —
e 75 | 55 | — — |38 | — — — v
! -50 55 — — . — 3.85 —
Low-Level Output Viu 0.05 45 — 0.1 — 0.1 — 0.1
Voltage VoL or
Vi 24 45 —_ 0.36 — 0.44 —_ 0.5 v
. 75 5.5 — — - 1.65 — -
50 55 —_ — — — — | 165
Input Leakage Vee :
Current h or . 55 — +0.1 — +1 — +1 LA
GND o
Quiescent Supply Vee
Current, SSi lec or 0 55 — 4 — 40 — 80 LA
GND . 1
Additional Quiescent Supply 45
Current per Input Pin - : _ _ .
TTL Inputs High Algg | Vo2 to 24 28 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT UNIT LOAD*

ALL - 0.19
*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 24 mA max. @
25°C.




Technical Data

CD54/74AC10
CD54/74ACT10

SWITCHING CHARACTERISTICS: AC Series; t,, {, = 3 ns, C_= 50 pF

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS ) SYMBOL ‘{3; -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. - MAX. .
Propagation Delay tou 1.5 — 139 — 153
Input to Output terL 3.3 44 155 4.3 171 ns
5t 3.1 111 3.1 12.2
Power Dissipation Capacitance Ceo§ — 50 Typ. 50 Typ. pF
Input Capacitance Cy - — 10 — J 10 pF

SWITCHING CHARACTERISTICS: ACT Series; t, t, = 3 ns, C, = 50 pF

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS SYMBOL ‘("7;: -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delay - tow
Input to Output ter 5t 35 123 34 13.5 ns
Power Dissipation Capacitance Cro§ — 50 Typ. 50 Typ. pF
Input Capacitance Ci — — l 10 — 10 pF

*33V: min.is@36V
max.is@ 3V
t5V: min.is@55V
max.is @45V
§Cep is used to determine the dynamic power consumption, per gate.

For AC series: Po = Ve’ £ (Cep + Cu)
For ACT series: Pp = Ve f; (Ceo + Cu) + Ve Alec where f; = input frequency
CL = output load capacitance

Vce = supply voltage.

te =3ns
INPU’O'_.1

ouUTPUT
v LEVEL !

GND

CL =

OUTPUT T 50 pF

LOAD ;[ P

*FOR AC SERIES ONLY: WHEN
Vee =15V, Ry =1k

92C5-42388R!

CD54/74AC |CD54/74ACT
Input Level Vce 3V
Input Switching Voltage, Vs 0.5 Vcc 15V
Output Switching Voltage, Vs 0.5 Vee 0.5 Vec

Fig. 1 - Propagation delay times and test circuit.




Technical Data

Advance Information

Type Features:

GNDe?
Ve *14

925 -36751R0

FUNCTIONAL DIAGRAM &
TERMINAL ASSIGNMENT

The RCA CD54/74AC14 and CD54/74ACT14 each contain
six inverting Schmitt Triggers in one package. These devi-
ces use the RCA ADVANCED CMOS technology.

The CD74AC14 and CD74ACT14 are supplied in 14-lead
dual-in-tine plastic packages (E suffix) and in 14-lead dual-
in-line small-outline plastic packages (M suffix). Both pack-
age. types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C);
and Extended Industrial/Military (-55 to +125°C).

The CD54AC14 and CD54ACT 14, available in chip form (H
suffix), are operable over the -55 to +125°C temperature
range.

9
vo ALN R
‘ VH=VT-V§
vi
_ +
vT vr
+ -
o Y
vee ——:— !
N ﬂ'
|
i !
GND H |
Vee —
Vo

GND

92Cs-39828

Fig. 1 - Hysteresis definition and characteristic.

CD54/74AC14
CD54/74ACT14

Hex Inverting Schmitt Trigge'rv

m Operates with much slower than standard input rise and fall slew rates
m Exceptionally high noise immunity

Family Features:
= Exceeds 2-kV ESD Protection - MIL- STD 883,
Method 3015
& SCR-Latchup-resistant CMOS process and circuit design
= Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
m Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
m * 24-mA output drive current
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines
= Greater noise immunity than standard inverters

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE

INPUT | OUTPUT
A Y
L H
H L

H = High Level
L = Low Level

File Number 1984
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Technical Data

CD54/74AC14
CD54/74ACT14

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VEC) « .+ttt vttt ettt et e et e et et et e et e ettt -05t06V
DC INPUT DIODE CURRENT, I (for Vi<-05VorVi>Vec +05V) ..o e +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-05VorVo>Vec +05V) ... .o +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-0.5V or Vo <Vec+05V) ..ot +50 mA
DC Ve or GROUND CURRENT (loc OF IGNB) ++ . v vvneeveveneisnnanns A g +100 mA’
. POWER DISSIPATION PER PACKAGE (Po): ' :

For Ta=-5510 +100°C (PACKAGE TYPE E) . ... .. i e i e e 500 mW

For Ta = +100 to +125°C (PACKAGE TYPE E) Derate Linearly at 8 mW/°C to 300 mW

For Ta = -5510 +70°C (PACKAGETYPEM) ...........0...... SR S A 400 MW

For Ta = +70%0,+125°C (PACKAéf TYPE M) Derate Linearly at 6 mW/°C to 70 mW
OPERATING- RATURE RANGIE (Ta) oo\ttt ittt e e et e -55 10 +125°C
STORAGE TEMBERATURE (Tstg) -+« vnnnvieseennnteeee e e et cm et h e e et e e e e e 6540 +150°C
LEAD TEMPERATURE (DURING SOLDERING): .

At distance 1/16 + 1/324%. (1.59 = 0.79 mm) from case for 10SMAXIMUM ...t +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............... +300°C
*For up to 4 outputs per device; add + 25 mA for each additional output. :

RECOMMENDED OPERATING CONDITIONS: '
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

CHARACTEﬁISTIC LIMITS - UNITS
MIN. MAX.
Supply-Voltage Range, Vcc™:
(For Ta = Full Package—Temperature Range) ©
AC Types 15 55 \
ACT Types . 45 55 v
DC Input or Output Voltage, Vi, Vo ) ) 0 Ve Y
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall. Slew Rate, dt/dv:
at 1.5V to 5.5V (AC Types) 0 150 ms/V
at 4.5V to0 5.5V (ACT Types) 0 20 ns/V
*Unless otherwise specified, all voltages are referenced to ground. ‘
15 Outputs switching
Vec=56V

Load = 500Q), 50 pF
Ta = Full temperature range
For AC14, V, = 55 V sawtooth
For ACT14, V, = 3 V sawtooth




Technical Data

CD54/74AC14
CD54/74ACT14

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C’
TEST CONDITIONS
CHARACTERISTICS ' | Ve *25 -4010 +85 55104125 s
V)
v, o |
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
v | (ma . N
Positive-Going
Threshold vyt 5 26 34 286 3.4 26 34 v
Voltage
Negative-Going
Threshold \%a 5 1.6 24 1.6 24 1.6 24 \Y
Voltage
Hysteresis ] )
Voltage : Vu 5 0.5 — 05 . 05 . i
High-Level Output -0.05 15 1.4 — 1.4 — 1.4 —
Voltage Vou |yt 0.05 3 |29 | — Jao | — 29 [ =
or -0.05 4.5 4.4 —_ 44 - 4.4 -
%3 -4 3 2.58 — 2.48 — 24 — 3
-24 45 3.94 — 3.8 . 3.7 _
4+ { -75 55 — — 3.85 = — —
-50 55 — — - — 3.85 —
Low-Level Output 0.05 1.5 — 0.1 — 0.1 — 0.1
Voitage Vo |yt 0.05 3 — | o1 — | o1 — [ o1
or 0.05 45 —_ 0.1 — 0.1 — 0.1
Vi~ 12 3 - 0.36 — 0.44 — 0.5 \
24 45| — 0.36 — 0.44 — 05
4 * { 75 55 | — — — | 165 | — —
50 55 — —_ — - — 1.65
Input Leakage 1 Ve .
Current h or — 55 — +0.1 — +1 — +1 UA
GND
Quiescent Supply Vee
Current,SSI lec or 0 55 — 4 — 40 — 80 | uA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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Technical Data
CD54/74AC14
CD54/74ACT14

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

- AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS ’
CHARACTERISTICS ; Vee *25 -4010 +85 55104125 | s
V)
v, 1 (
) (mA) MIN. | MAX. MIN. | MAX. MIN. | MAX.
Positive-Going .
Threshold Vet 5 14 2 1.4 2 14 2 \'
Voitage
Negative-Going
Threshold Vi 5 0.9 13 0.9 1.3 0.9 13 |V
Voltage
Hysteresis
Voltage Vu 5 0.4 — 04 — 0.4 — \
High-Level Output Vit -0.05 45 | 44 | — 44 — 44 —
Voltage Vou | ¢ 24 45 | 394 | — | 38 | — | 37 [ — v
4 * { -75 55 | — — | 385 — — —
-50 5.5 — — — — 3.85 —
Low-Level Output vt 0.05 45 - 0.1 — 0.1 — 0.1
Voltage Voo or
Vv~ 24 4.5 —_ 0.36 - 0.44 - 0.5 v
8+ { 75 5.5 — — — 1.65 — —
50 55 - . — — —_ 1.65 .
Input Leakage Vee
Current i N or —_ 55 —_ 0.1 — +1 — +1 HA
GND :
Quiescent Supply Vee
Current,SSI lec or 0 5.5 — | 4 — 40 — 80 UA
GND
Additional Quiescent Supply 45
Current per Input Pin - i _ 4 _ 2 _ 3 mA
TTL Inputs High Alge | Vet — ;% 2 8
1 Unit Load )

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE
INPUT UNIT LOAD*
ALL 0.21

*Unit load is Alcc limit specified in Static Characteristics
Chart, e.g., 2.4 mA max. @ 25°C.




Technical Data

SWITCHING CHARACTERISTICS: AC Series; 1, t, = 3 ns, C, = 50 pF
v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL |y} -40 to +85 55 to +125 UNITS
MIN. MAX. MIN. MAX.

Propagation Delays: t

Input to Output t:::' 5t 27 95 26 10.5 ns
Power Dissipation Capacitance Crof§ — 45 Typ. 45 Typ. pF
Input Capacitance Ci — - 10 — I 10 pF

SWITCHING CHARACTERISTICS: ACT Series; t,, {, = 3 ns, C, = 50 pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL 07; -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: teun 5t 37 13.2 3.6 14.5 ns
Input to Output teHL 24 8.6 24 9.5
Power Dissipation Capacitance Ceo§ — 45 Typ. 45 Typ. pF
Input Capacitance Ci — — 10 — 10 pF

f5V: min.is@55V
max.is@ 4.5V

§Cro is used to determine the dynamic power consumption, per gate.
For AC series: Pp = Vec? f; (Crp + Cu)
For ACT series: Pp = Vcc® i (Ceo + Cu) + Vec Alec where f, = input frequency
C. = output load capacitance
Vcc = supply voltage.

te=3ns —wl —
INPUT f‘

ouTPUT

GNO e [~ T e o oo 19% gno

C. =
QUTPUT T 50 pF
toao' L*°°

“FOR AC SERIES ONLY: WHEN
B/~ -RREAN ER] (]

—-l'm-«. b—— —pLpie—
92.5- 423848
CD54/74AC {CD54/74ACT
Input Level Vee 3V
Input Switching Voltage, Vs 0.5 Ve 15V
QOutput Switching Voltage, Vs 0.5 Vee 0.5 Vee

Fig. 1 - Propagation delay times and test circuit.




Technical Data

CD54/74AC20
CD54/74ACT20

Advance Information

1
14
vo 2 . Dual 4-Input NAND Gate
— 1Y
1c 2
S
10
_9 ]
2A o Type Features:
28 — 18 .y w Typical propagation delay (AC20):
2¢ 12 GND =7 6ns @ Vec =5V, Ta=25°C, C = 50 pF
13 VCC 14
2 T NC=3,1
92CS- 38338R2
FUNCTIONAL DIAGRAM &
TERMINAL ASSIGNMENT

The RCA CD54/74AC20 and CD54/74ACT20 dual 4-input
NAND gates use the RCA ADVANCED CMOS technology.
The CD74AC20 and CD74ACT20 are supplied in 14-lead
dual-in-line plastic packages (E suffix) and in 14-lead dual-
in-line small-outline plastic packages (M suffix). Both pack-
age types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C);
and Extended Industrial/Military (-55 to +25°C).

The CD54AC20 and CD54ACT20, available in chip form (H
suffix), are operable over the -55 to +125°C temperature
range.

Family Features:
@ Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
s SCR-Latchup-resistant CMOS process and circuit design
m Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
m Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply.
m + 24-mA output drive current
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE
INPUTS OUTPUTS
nA nB nC nD nY
L X X X H
X L X X H
X X L X H
X X X L H
H H H H L
X = Don't Care
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Technical Data

CD54/74AC20
- CD54/74ACT20

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VCE) -ttt ettt e e et e e e e e e e e -05t06V
DC INPUT DIODE CURRENT, Ik (for Vi < =05V orVi>Vec + 05 V) .. ..oiiiiee i, +20 mA
DC OUTPUT DIODE CURRENT, lok {for Vo <-0.5V or Vo> Vec + 05 V) .oiieieere e +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo > -0.5V or Vo < Vec + 0.5 V) w.vve..... +50 mA
DC Ve 0r GROUND CURRENT (fog OF JGND) « - - -« v et et e e ettt e e e e e e et et e +100 mA*
POWER DISSIPATION-PER PACKAGE (Po):

For Ta=-5510 +100°C (PACKAGE TYPE E) .....itniiniitee e oot e e e e 500 mW

For Ta = 4100 to +125°C (PACKAGE TYPE E) . Derate Linearly at 8 mW/°C to 300 mW

For Ta=-551t0 +70°C (PACKAGE TYPE M) ... ..iiuiirtieite et e e e e, 400 mW

For Ta = +70 to +125°C (PACKAGE TYPE M) Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta) .. .eunneitt ittt e -55t0 +125°C
STORAGE TEMPERATURE (Tatg) « .- \vttteettee ettt e e e e e e e e e e -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 & 1/32in. (1.59  0.79 mm) from case for 10 S Maximum ................ ... ... iceuiee .. +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

“For up to 4 outputs per device; add + 25 mA for each additional.output.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:, ’ :

CHARACTERISTICS A LIMITS UNITS
) MIN. MAX.
Supply-Voltage Range, Vec*:
(For Ta = Full Package-Temperature Range)
AC Types 1.5 55 \
ACT Types 45 55 \Y
DC Input or Output Voltage, Vi, Vo 0 Vee \
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Siew Rate, dt/dv
at1.5Vto3V (AC Types) 0 50 - ns/V
at 3.6 Vto 5.5 V (AC Types) 0 20 ns/V
at4.5Vto 5.5V (ACT Types) 0 10 ns/vV

*Unless otherwise specified, all voltages are referenced to ground.
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Technical Data

CD54/74AC20
CD54/74ACT20

STATIC ELECTRICAL CHARACTERISTICS: AC Series

TEST CONDITIONS

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS Vee *25 -4010 +85 5104125 | yniTs
V) "
v, o (
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
V) (mA)
High-Level Input 15 1.2 — 1.2 . 1.2 —
Voltage Vin 3 21 — 2.1 — 21 — Vv
55 | 385 — 385 — 3.85 —
Low-Level Input 1.5 — 0.3 03 — 03
Voltage Vi 3 - 0.9 — 0.9 — 0.9 v
55 — 1.65 — 1.65 — 1.65
High-Level Output . -0.05- 15 14 - 1.4 — 1.4 —
Voltage Vo |, -0.05 3 | 29 — 29 — 29 —
H
or -0.05 45 44 — 44 — 44 —
Vi -4 3 [ 258 | — | 248 | — 24 — v
-24 45 | 394 — 38 — 37 -
8 * -75 55 — — 3.85 - —_ —
-50 55 — — — — 3.85 —
Low-Level Output 0.05 15 — 0.1 — 0.1 — 0.1
Voltage Vou |y, 0.05 3 — 0.1 — 01 — 0.1
or 0.05 45 — 0.1 — 0.1 — 0.1
Vi 12 3 — 0.36 — 0.44 - 05 v
24 45 — 0.36 — 0.44 — 05
y o+ 75 55 - — — 1.65 — —
50 55 — — — — — 1.65
Input Leakage Vee
Current I or 55 — +0.1 — +1 — +1 uA
) . GND
Quiescent Supply Vee .
Current, SSi lcc or 0 5.5 —_ 4 . — 40 — 80 uA
GND .

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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Technical Data

CD54/74AC20
CD54/74ACT20

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

. . 'AMBIENT TEMPERATURE (T,) - °C
: TEST CONDITIONS .
CHARACTERISTICS | Ve +25 -4010 +85 510125 ynirs
V)
v, o (
V) (mA) MIN. | MAX. .MIN. MAX. | MIN. | MAX.
High-Level Input : 45
Voltage Vin ’ - to 2 — 2 — 2 — \Y
55
Low-Level input - 45
Voltage Vi to — 0.8 - 0.8 — 08 v
55 "'
High-Level Output Vi -0.05 45 4.4 — 44 — 44 —
Voltage Vou | 07 24 [ 45 [ 394 [ — [38 | — [ 387 | —
. ‘ 75 55 | — — |38 | — — — v
' -50 55 | — — — — |38 [ —
Low-Level Output Vin 0.05 45 — 0.1 — 01 — 0.1
Voltage Voo or
Vi 24 45 — 0.36 — 0.44 — 05 Y
8 * { 75 55 | — — — 1.65 — —
50 5.5 — — — — - 1.65
Input Leakage Vee )
Current I or 55 — +0.1 — +1 — +1 UA
GND
Quiescent Supply Vee
Current, SSI lee or (4] 5.5 — 4 — 40 — 80 LA
GND )
Additional Quiescent Supply 45 ‘
Current per Input Pin . : . __ 24 _ . 3 A
TTL Inputs High Algc Veo-2.1 5“"5 | 28 m
1 Unit Load i

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation. :
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE
INPUT UNIT LOAD*
ALL 0.27

*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 2.4 mA max. @
25°C.
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Technical Data
CD54/74AC20
CD54/74ACT20

SWITCHING CHARACTERISTICS: AC Series; t, t, = 3 ns, C_ = 50 pF
v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (‘7;: -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delay toum 15 — 139 — 153
Input to Output tor 3.3 44 155 4.3 17.1 ns
5t 3.1 11.1 3.1 12.2
Power Dissipation Capacitance Crof§ — 48 Typ. 48 Typ. pF
Input Capacitance C — — 10 — ] 10 pF
SWITCHING CHARACTERISTICS: ACT Series; t, t, = 3 ns, C_ = 50 pF
v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (\‘;;’ -40 to +85 -55 to +125 UNITS
: MIN. MAX. MIN. MAX.
Propagation Delay to
Input to Output tonL 5% 35 12.3 34 135 ns
Power Dissipation Capacitance Cro§ -— 48 Typ. 48 Typ. pF
Input Capacitance Ci — — 10 — 10 pF

*33V: min.is@3.6V
max.is@ 3V
t5V: min.is@55V
max.is@ 4.5V
§Cro is used to determine the dynamic power consumption, per gate.
For AC series: Pp = V(;(;2 fi (Cep + CL)
For ACT series: Po = Vec? fi (Cro + CL) + Vee Alec where f; = input frequency
Cu = output load capacitance
Vce = supply voltage.

OUTPUT

CL =
OUTPUT T 50 pk
LOAD :__L P
*FOR AC SERIES ONLY: WHEN
Veec=15V,.Ry=1kQ

92C5-42388R|

CD54/74AC |CD54/74ACT
Input Level Vee 3V
Input Switching Voltage, Vs 0.5 Ve 15V
Output Switching Voltage, Vs 0.5 Ve 0.5 Ve

Fig. 1 - Propagation delay times and test circuit.
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Technical Data

CD54/74AC32
CD54/74ACT32

Advance Information

gy U Qua‘d 2-Input OR Gate

— 48
% @ ey Type Features:
4

m Buffered inputs
= av ] m Typical propagation delay: )
10 . 4.5'73@ Vcc=5V,TA=25°C, CL=5OPF

s

GND —

wcswrs3

FUNCTIONAL DIAGRAM &
TERMINAL ASSIGNMENT

The RCA-CD54/74AC32 and CD54/74ACT32 quad 2-input Family Features:

OR gates use the RCA ADVANCED CMOS technology. The w Exceeds 2-kV ESD Protection - MIL-STD-883,
CD74AC32 and CD74ACT32 are supplied in 14-lead dual- Method 3015

in-line plastic packages (E suffix) and in 14-lead dual-in-line & SCR-Latchup-resistant CMOS process and circuit design’
small-outline plastic packages (M suffix). Both package & Speed of bipolar FAST®/AS/S with significantly

types are operable over the following temperature ranges: reduced power consumption
Commercial (0 to 70°C); Industrial (-40 to +85°C): and ® Balanced propagation delays
Extended Industrial/Military (-55 to +125°C). ) m AC types feature 1.5-V to 5.5-V operation and balanced
The CD54AC32 and CD54ACT32, available in chip form (H noise immunity at 30% of the supply.
suffix), are operable over the -55 to +125°C temperature ™ * 24-mA output drive currenit
range. - Fanout to 15 FAST® ICs
. - Drives 50-ohm transmission lines
TRUTH TABLE -
INPUTS OUTPUT : ®FAST is a Registered Trademark of Fairchild Semiconductor Corp.
nA nB nY
L L L
L H " H
H L H .
H H H
MAXIMUM RATINGS, Absolute-Maximum Values: .
DC SUPPLY-VOLTAGE (VEC) .. et icetitnttentnteetaie et e e e eeaae e et e e e et e et teaeaenenenannens -05t06V g
DC INPUT DIODE CURRENT, Ik (for V,<-0.5V or V, > Voc FO05V) et e +20 mA
DC OUTPUT DIODE CURRENT lok (for Vo <-0.5VorVo>Vec+0.5V) ..ottt iiiiiianennn +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-05VorVo<Vec +05V) .............. +50 mA
DC Ve or GROUND CURRENT (lo6 OF IGND) -« e« v v v te e teeeteteeeee e taeeeaeatateeeeeaeaneenrenenenanenns +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):
FOr Ta=-5510 +100°C (PACKAGE TYPE E) . ...uiututttitintret ettt eienttateeeaanaeaeanenenennanes 500 mwW
For Ta=+1001t0 +125°C (PACKAGE TYPEE) ....cvvvriiriiieinenneiiennnnns Derate Linearly at 8 mW/°C to 300 mwW
For Ta=-5510 +70°C (PACKAGE TYPE M) ...ttt ittt atattetaneeristateeennneeeensennseannnnen 400 mW
For Ta=+701t0 +125°C (PACKAGE TYPEM} ......iiiiiiiniiniiininnnnnennn. Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA): - - crutnetntntnteneeenenenrareseneneeeneanreaneanenenennns -55 to +125°C
STORAGE TEMPERATURE (Tstg) « -« e v v vvneneneateatartnineereneeasentenessnsnenesennenenensneesenens -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 + 1/32in. (1.59 + 0.79 mm) from case for 10 s Maximum ...........c..coiviriiniriinenninninn, +265°C
Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

* For up to 4 outputs per device; add + 25 mA for each additional output.

File Number 1951
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Technical Data

CD54/74AC32
CD54/74ACT32

RECOMMENDED OPERATING CONDITIONS:

For maximum rellability, normal operating conditions should be selected so that operation is always within the

following ranges:
CHARACTERISTIC LIMITS UNITS
MIN. MAX.
Supply-Voltage Range, Vcc™:
(For Ta = Full Package-Temperature Range) :
AC Types 15 55 v
ACT Types 45 55 v
DC Input or Output Voltage, Vi, Vo 0 Ve
Operating Temperature, Ta: -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3V (AC Types) [ 50 ns/V
at 3.6 V10 5.5 V (AC Types) [4] 20 ns/V
at4.5V1t05.5V (ACT Types) [o] 10 ns/V
*Unless otherwise specified, all voltages are referenced to ground.
STATIC ELECTRICAL CHARACTERISTICS: AC Series
) i AMBIENT TEMPERATURE (T,) - °C
| TEST CONDITIONS N
CHARACTERISTICS , Vee *25 -40to +85 55104125 | NS
V) :
M, lo ™ U win, | max. | min | max. | min. | max.
) (mA) N 8 R . .; )
High-Leve! Input 15 1.2 — 1.2 — 1.2 —
Voltage Vin 3 | 21 — 21 — 21 — v
55 3.85 — 3.85 — 3.85 —
Low-Level input 15 — 03 — 0.3 — 03
Voltage Vi 3 — 09 | — [ o9 [ — | o9 v
55 — 1.65 — 1.65 — 1.65
High-Level Output -0.05 1.5 14 — 14 — 1.4 —
Voltage Vou | vy 0.05 3 | 29 — 29 | — 29 | —
or - -0.05 45 44. —_ 44 — ‘4.4 —
Vi -4 3 2.58 — 2.48 — 24 — \
-24 4.5 3.94 — 3.8 — 37 —
4 * { -75 55 | — — | 38 | — - —
-50 5.5 — — — — 3.85 —
Low-Level Output 0.05 15 = 0.1 _ 0.1 . 0.1
Voltage Vou | vy 0.05 3 | — | o1 — | o1 — | o1
or 0.05 45 — 0.1 — .0.1 — 0.1
Viu 12 3 — 0.36 — 0.44 — 0.5 \
24 4.5 — 0.36 — 0.44 — 0.5
4 * l 75 55 — — — 1.65 — —
50 55 — — — — — 1.65
Input Leakage Vee
Current Iy or 55 — +0.1 — +1 — +1 HA
GND
Quiescent Supply Vee
Current, SSI lec or 0 55 — 4 — 40 - 80 MA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

* Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 chms at +125°C.
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Technical Data

CD54/74AC32
CD54/74ACT32

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS :
CHARACTERISTICS Ve 23 -4010 485 5104125 |y
' V)
v, Io (
V) (mA) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input 45
Voltage Vin to 2 - 2 — 2 — \
55
Low-Level Input 45
Voltage Vi to . 0.8 — 0.8 — 0.8 Y
5.5 )
High-Level Output Vin -0.05 45 4.4 — 4.4 — 4.4 =
Voltage Vou | 98 24 |45 [ 304 | — 38 | — |37 [ v
B I { -75 55 | — — 3.85 — — —
' -50 55 | — — — — |38 | —
Low-Level Output Vi 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Vo | Wi 24 45 | — Joss [ — Joa | — [05 |
- l 75 55 | — — — | 185 | — —
’ 50 55 | — — — — — | 165
input Leakage Vee
Current h or 5.5 —_ +0.1 — +1 —_ +1 MA
GND
Quiescent Supply Vee
Current, SSi lec or 0 55 — 4 — 40 — 80 HA
GND
Additional Quiescent Supply 45
Current per Input Pin, - - _ _
TTL Inputs High, Aloc Vee-2.1 to 24 28 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
* Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT UNIT LOADS*
ALL 0.42

*Unit load is Alcc iimjt specified in Static Character-~
istics Chart, e.g., 2.4 mA max. @ 25°C.
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Technical Data
CD54/74AC32
CD54/74ACT32

SWITCHING CHARACTERISTICS: AC Series; t,t, = 3 ns, C_=50 pF

: AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘(l@)" -40 to +85 -55 to +125 UNITS
MIN. MAX. _MIN. . MAX.
Propagation Delays: teun 15 — 108 - 119
Input to Output tore 3.3 3.4 121 3.3 133 ns
5t 24 8.6 24 95
Power Dissipation Capacitance Cro§ —_ 47 Typ. 47 Typ. pF
Input Capacitance Ci — -— 10 — I 10 pF
SWITCHING CHARACTERISTICS: ACT Series; t, t, = 3 ns, C, = 50 pF
AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘("‘;'): -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: teun
Input to Output tenL 5t 3.1 11 3 12.1 ns
Power Dissipation Capacitance Cro§ — 47 Typ. 47 Typ. pF
Input Capacitance C — — I 10 — 10 pF

*33V: min.is@36V
max.is@3V

min.is@55V

5 V:
max.is@45V

§Cro is Used to determine the dynamic power consumption, per gate.

For AC series: Pp = Vec® fi (Cro + Cu)

For ACT series: Pp = Vcé? fi (Cro + C) + Vec Alec where  fi = input frequency

OUTPUT

LOAD

CL =
OUTPUT T 50 pF

*FOR AC SERIES ONLY: WHEN
Vee = 1.5V, RL = 1kO

C. = output load capacita
Vee = supply voltage.

nce

92C5~ 42442

CD54/74AC |CD54/74ACT
Input Level Vee 3v
Input Switching Voltage, Vs 0.5 Vec 15V
Output Switching Voltage, Vs 0.5 Vee 0.5 Vee

Fig. 1 - Propagation delay times and test circuit.
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Technical Data

ol e Dual D-ytype Flip-Flop with Set and Reset

CD54/74AC74
CD54/74ACT74

st —

rdper | prow Positive-Edge-Triggered

gl 3

ﬁl_-l‘ .

w2l " s, Type Features:

rre m Buffered inputs
ul . P m Typical propagation delay:

RLTEER [ 49ns @ Voc =5V, Ta=25°C, CL =50 pF
FUNCTIONAL DIAGRAM &
TERMINAL ASSIGNMENT

The RCA CD54/74AC74 and CD54/74ACT74 dual D-type,
positive-edge-triggered flip-flops use the RCA ADVANCED
CMOS technology. These flip-flops have independent DATA,
SET, RESET, and CLOCK inputs and Q and Q outputs. The
logic level present at the data input is transferred to the
output during the positive-going transition of the clock
pulse. SET and RESET are independent of the clock and
are accomplished by a low ievel at the appropriate input.

The CD74AC/ACT74 types are supplied in 14-lead dual-in-
line plastic packages (E suffix) and in 14-lead dual-in-line
smali-outline plastic packages (M suffix). Both package
types are operable over the following temperature ranges:
Commercial (0 to 70°C); Industrial (-40 to +85°C); and
Extended Industrial/Military (-55 to +125°C).

The CD54AC74 and CD54ACT74, available in chip form (H
suffix), are operable over the -55 to +125°C temperature
range. : .

Family Features:

. 'm .Exceeds 2-kV ESD Protection - MIL-STD-883,

Method 3015
u SCR-Latchup-resistant CMOS process and circuit design
m Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
u Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
= 1 24-mA output drive current
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines

“FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE
INPUTS OUTPUTS
SET RESET CP D Q Q
L H X X H L
H L X X L H
L L X X H* H*
H H -/ H H L
H H -~/ L L H
H H L X Qo Qo

H = High level (steady state), L = Low level (steady state),

X = Don’t care,

= Transition from Low to High level

NOTES: QO = the level of Q before the indicated input

conditions were established.

*This configuration is nonstable, that is, it will not persist
when set and reset inputs return to their inactive (high)

level.

File Number 1881
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Technical Data

CD54/74AC74
CD54/74ACT74

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VCC) «« v et eeetentatnenen e et tanaeaserteast ettt -0.5to6V
DC INPUT DIODE CURRENT, I (for Vi<-05VorVi>Vec +05V) ..o +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-0.5VorVo>Vee +05V) ..o +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo > -0.5 V orVo<Vect+05V) .........ooie. 150 mA
DC Vee 0f GROUND CURRENT (16 OF JGND) + + ¢ v v v e eeeenerneenetnesaaessetnanetnenesenen e +100 mA”
POWER DISSIPATION PER PACKAGE (Po): ‘
For Ta=-5510 +100°C (PACKAGE TYPE E) ...\ .ttuininiiitiiiiie et aeaeieetaet et ettt aaenaes 500 mwW
For Ta= +100t0 +125°C (PACKAGE TYPEE) .......coviiiniiiiiiiiiiiin, Derate Linearly at 8 mW/°C to 300 mW
For Ta=-551t0 +70°C (PACKAGE TYPE M) ... ..\uintntititit it et e eeaa e aan e eensons 400 mW
For Ta= 47010 +125°C (PACKAGE TYPEM) ... .. iiiiiiiiiiiiiiiniiinninnn, Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA): &t uttutntanetatinieatataiaiaee ettt easiaans -55 to +120°C

STORAGE TEMPERATURE (Tstg) ««« e vt vvennensenumnneasesuneanaeensesoeeaasaeeatoineaseieeneaanoas -65 to +150°C

LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 + 1/32 in. (1.59 & 0.79 mm) from case for 10 s maximum .......... ... i +265°C
Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

*For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the

following ranges:

CHARACTERISTIC LIMITS UNITS
MIN. MAX.
Supply-Voltage Range, Vec™:
(For Ta = Full Package-Temperature Range)
AC Types . 15 55 v
ACT Types 45 55 \
DC input or Output Voltage, Vi, Vo . 0 Vee v
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5 V to 3 V(AC Types) 0 50 ns/V
at 3.6 V to 5.5 V(AC Types) 0 20 ns/V
at 4.5V to 5.5 V(ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.
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Technical Data

CD54/74AC74
CD54/74ACT74

STATIC ELECTRICAL CHARACTERISTICS: AC Series

- AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS TEST CONDITIONS Voo +25 -40 to +85 S5104125 | e
(‘6') (""‘b i MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input 15 1.2 — 1.2 — 1.2 —
Voltage Vi 3 | 21 — | 21 — | 21 — v
55 | 385 — 385 — 385 —
Low-Level Input 15 — 03 — 0.3 — 03
Voltage Vi 3 — 09 — 09 — 09 v
_ 55 | — 165 — 165 — 165
High-Level Output -0.05 1.5 14 — 14 — 1.4 —
Voitage Now | vy, 0.05 3 | 20 — 29 — | 20 —
or -0.05 45 | 44 — 44 — 44 —
Vi -4 3 258 — 2.48 — 24 — v
-24 45 | 394 — 38 — 37 —
- % 75 55 | — — |8 [ — — —
} . -50 55 — — — — 3.85 —
Low-Level Output 0.05 15 | — 0.1 — 0.1 — 0.1
Voltage Vou Vin 0.05 3 — 0.1 — | 01 — 0.1
or 0.05 45 — 0.1 — 0.1 — 0.1
Vie 12 3 — 0.36 — 0.44 — 05 v
24 45 — 0.36 — 0.44 — 05
- 3 75 55 | — — — s | = | =
50 55 — — — — — 1.65
Input Leakage Vee
Current I or 55 — +0.1 — +1 — +1 uA
’ GND
Quiescent Supply Vee :
Current, FF loe or 0 5.5 — 4 — 40 — 80 uA
GND .

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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Technical Data

CD54/74AC74

CD54/74ACT74

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C

TEST CONDITIONS !
CHARACTERISTICS Ve *25 -401o +85 5104125 ynirs
v)
8’;) ("'&) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Leve! Input 45
Voltage Vin to 2 - 2 — 2 — v
5.5
Low-Level input 45
Voltage Vi to — 0.8 — 08 — 0.8 v
55
High-Level Output Vin -0.05 4.5 44 — 44 — 44 —
Voltage Vou | 90 24 |45 [394a | — [ 38 | — [ 37 | — v
§ -75 55 — — 3.85 - — —
-50 55 — — — — 3.85 —
Low-Level Output Vin 0.05 4.5 — +0.1 -_ +1 — +1
Voltage Vo | ¢ 24 45 | — |03 | — |04 | — [05 |
. 75 55 — — — 1.65 — —
50 55 — — — — — 1.65
Input Leakage Vee
Current I or 55 — +0.1 — +1 — +1 uA
GND
Quiescent Supply Vee
Current, FF lec or 0 55 — 4 — 40 — 80 uA
GND
Additional Quiescent Supply.. 45
Current per Input Pin . : _ _
TTL Inputs High Al | V21 o 24 28 3 mA
1 Unit Load 5.

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voitage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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ACT INPUT LOADING TABLE

INPUT UNIT LOAD*
D 053
RS 0.58
cP 1

*Unit load is Alcc limit specified in Static

Characteristics Chart, e.g., 2.4 mA max. @ 25°C.




Technical Data

PREREQUISITE FOR SWITCHING: AC Series
AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘(’W 4010 +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.

Data to CP Setup Time 1.5 39 — 44 —
tsu 3.3" 43 — 49 — ns

5t 3.1 — 35 —

Hold Time 1.5 0 - — 0 —
tn 3.3 0 - 0 — ns

0 — 0 -

Removal Time 15 30 - 34 —
R,Sto CP them 33 4.1 — 4.7 — ns

5 24 — 2.7 —

Pulse Width 15 44 - 50 -
RS tw 33 49 - 5.6 - ns

5 35 —_ 4 —_

Pulse Width . 1.5 49 - 56 — .

CP tw 3.3 55 — 6.3 — ns

5 39 —_ 45 —

CP Frequency - 15 10 — 9 —

fmax 3.3 90 — 79 - MHz
5 125 — 110 —

*3.3V:min.is@3V
.15 V:min.is@45V

SWITCHING CHARACTERISTICS: AC Series, t, ; = 3 ns, C_ = 50 pF

. AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘("';)" -40to +85 "’ -55 to +125 UNITS
MIN, MAX. MIN. MAX.
Propagation Delays: toun 15 — 114 - 125
CPt0oQ,Q tont 33* 36 127 35 14 ns
5t 26 9.1 25 10
15 — 120 - 132
teun 33 3.8 13.4 37 14.7 ns
RS10,a 5 27 95 26 10.5
15 — 131 — 144
e 33 41 146 4 16.1 ns
5 3 10.4 29 115
Power Dissipation Capacitance Cro§ - 55 Typ. 55 Typ. pF
input Capacitance Ci — — | 10 — 10 pF

*33V: min.is@36V

max.is@3V
t5V: min.is@55V

max.is@ 45V
§Cro is used to determine the dynamic power consumption, per flip-flop.

Po = CroVoc fi + X (C Vec® fo) where fi = input frequency
fo = output frequency
CL = output load capacitance
Vec = supply voltage.
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CD54/74AC74
CD54/74ACT74

PREREQUISITE FOR SWITCHING: ACT Series

- v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL o -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Data to CP Setup Time tsu 5 35 — 4 — ns
Hold Time tw 5 0 = 0 —_ ns
Removal Time _ —
A StoCP trem 5 24 2.7 ns
Pulse Width _ _
RS tw 5 44 5 ns
Pulse Width _ _
cP tw 5 5 57 ns
CP Frequency fmax . 5 97 — 85 - MHz
*Min.is@45V
SWITCHING CHARACTERISTICS: ACT Series, t, t = 3 ns, C_ = 50 pF
. v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL i -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: teun N 9
CP10Q,Q ton 5 25 86 24 .5 ns
RSt10QQ [ 5 3 10.5 29 115
to 5 3.2 114 3.1 12.5 ns
Power Dissipation Capacitance Crot = 55 Typ. 55 Typ. pF
Input Capacitance C — — | 10 10 — pF

*Min.is@55V
Max.is@4.5V.

1Cep is used to determine the dynam

ic power consumption, per flip-flop.

Po = CroVec? fi + X (CLVec? fo) + Vee Alec where i = input frequency
f, ="output frequency
C. = output load capacitance
Vee = supply voltage.

INPUT LEVEL

INPUT LEVEL —=——
cp
Vs Vs Vs
GND t
fPHL I‘- thLH I‘-
-~
’ .

Fig. 1 - Clock prerequisite and propagation delays.

INPUT LEVEL
Vs
OND ==m==
INPUT LEVEL ==<="Ttsuft)
cP t
Vs
GND

Vs

———— e

GND w=ww===

INPUT = =cimm

92CS-36967

A

92CS- 36969

Fig. 3 - Data prerequisite times.

92CS-36968

Fig. 2 - Reset or Set prerequisite and propagation delays.

QUTPUT

CL =
OUTPUT T 50 pF
LOAD L

*FOR AC SERIES ONLY: WHEN

vec =15V, RL=1kQ

92C5-42389

CD54/74AC | CD54/74ACT
Input Level Vee 3V
Input Switching Voltage, Vs 0.5 Vec 15V
Output Switching Voltage, Vs 0.5 Vee 0.5 Vee
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Technical Data

CD54/74AC86
CD54/74ACT86

Advance Information

1 [ 14
" - = vec -

@\ . Quad 2-Input Exclusive-OR Gate
18 - = 4B
w Y 112 0 . Type Features:
Al . s Buffered inputs

m Typical propagation delay:
R e 32ns@ Vec =5V, Ta=25°C, C. =50 pF
oy @—3— a
ano LI

02520008

FUNCTIONAL DIAGRAM &
TERMINAL ASSIGNMENT

The RCA CD54/74AC86 and CD54/74ACT86 quad 2-input Family Features:

Exclusive-OR gates use the RCA ADVANCED CMOS tech- m Exceeds 2-kV ESD Protection - MIL-STD-883,

nology. The CD74AC86 and CD74ACT86 are supplied in 14- Method 3015 .

lead dual-in-line plastic packages (E suffix) and in 14-lead m SCR-Latchup-resistant CMOS process and circuit design
dual-in-line small-outline plastic packages (M suffix). Both m Speed of bipolar FAST®/AS/S with significantly

package types are operable over the following temperature reduced power consumption
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C); w Balanced propagation delays
and Extended Industrial/Military (-55 to +125°C). s AC types feature 1.5-V to 5.5-V operation and balanced
The CD54AC86 and CD54ACT86, available in chip form (H noise immunity at 30% of the supply.
suffix), are operable over the -55 to +125°C temperature m + 24-mA output drive current
range. ‘ - Fanout to 15 FAST® ICs .
- Drives 50-ohm transmission lines
TRUTH TABLE
INPUTS OUTPUT ’ ®FAST is a Registered Trad k of Fairchild Semiconductor Corp.
nA nB nY )
L L L
H H L
H L H
L H : H
MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE (Vcc) ......... R T S -05to6V
DC INPUT DIODE CURRENT, I (for Vi< =05V or Vi>Vec + 0.5 V) oouuiieennee i 120 mA
DC OUTPUT DIODE CURRENT, lo (for Vo <-0.5V or Vo >Vec + 0.5 V) o.uvvuveenneeaeannn +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo > -0.5 V or Vo < Vec + 0.5 V) e +50 mA
DC Vec or GROUND CURRENT (lce OF BGND) - - - v vvsaaeeeeeee et ee e eeee e +100 mA*
POWER DISSIPATION PER PACKAGE (Po):
For Ta=-5510 +100°C (PACKAGE TYPE E) ......uuuuiriniiiti e e e e 500 mwW

For Ta=+10010 +125°C (PACKAGE TYPEE) ........couieiienannannnnn., Derate Linearly at 8 mW/°C to 300 mwW

For Ta=-5510 +70°C (PACKAGE TYPE M) ... .....otttiriieiiiii e e e e 400 mwW

For Ta=+7010 +125°C (PACKAGE TYPEM) ..........oouiuiiiiannnnnnniin, Derate Linearly at 6 mW/°C to 70 mwW
OPERATING-TEMPERATURE RANGE (TA): .\ uuutttreeeeete it ee e e e e e e oo -55to +125°C
STORAGE TEMPERATURE (Tstg) + .+ .« v e e eeeennnnntneteete ettt e -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32in. (1.59 = 0.79 mm) from case for 10 8 MaXIMUM . ..........oveereseesneenn., +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ...... e +300°C

. * For up to 4 outputs per device; add + 25 mA for each additional output.

File Number 1952
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CD54/74AC86
CD54/74ACT86

RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, normal operating conditions should be selected so that operation is always within the

following ranges:
CHARACTERISTIC LIMITS UNITS
: MIN. MAX.
Supply-Voltage Range, Vec*:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 \
ACT Types 45 5.5 . \
DC Input or Output Voltage, Vi, Vo 0 Vee \"
Operating Temperature, Ta: -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3 V (AC Types) 0 50 ns/V
at 3.6 Vt0 5.5 V (AC Types) 0 20 . ns/V
at4.5Vto 5.5V (ACT Types) 0- 10 ns/V
*Unless otherwise specified, all voltages are referenced to ground.
STATIC ELECTRICAL CHARACTERISTICS: AC Series _
. AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS : ‘ e 41
CHARACTERISTICS Ve 25 4010 485 S510+125 | yniTs
: v‘ lo v) _
' MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
™ (mA)
High-Level Input , 1.5 1.2 — 1.2 — 1.2 —
Voltage Vin 3 | 21 — 2.1 — 21 — v
5.5 3.85 — 3.85 - 3.85 . —
Low-Level input 15 — -0.3 — 0.3 - 0.3
Voltage Vi 3 — 09 — 09 | — | o9 v
55 — 1.65 — 1.65 — 1.65
High-Level Output -0.05 15 1.4 — 1.4 — 1.4 —
Voltage Vou | vy, 005 | 3 | 29 | — |29 | = [ 28 [ —
or -0.05 45 44 — . 44 — 44 — )
Vi -4 3 2.58 — 2.48 — 24 — '
-24 45 3.94 — 38 — 37 | —
g * ’ -75 55 — — 385 — — —
-50 5.5 — - — — 3.85 —
Low-Level Output 0.05 15 — 0.1 — 0.1 — 0.1
Voltage Vo |y, 0.05 3 — | o4 — | a1 — | o1
or 0.05 45 — 0.1 — 0.1 —_ 0.1 -
Vi 12 3 — 0.36 — 044 | -~ 0.5 \'
24 45 — 0.36 — 0.44 — 05
4 ‘ 75 55 | — — — 165 | — —
- 50 55 — — — —_ —_ 1.65
Input Leakage Vee “
Current I or 55 — 10.1 - +1 —_ +1 MA
GND
Quiescent Supply Vee
Current, SSI lee or 0 55 —_ 4 — 40 — 80 HA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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CD54/74AC86
CD54/74ACT86

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
. | TEST CONDITIONS .o N
CHARACTERISTICS Ve 25 -40to +85 55104125 ,\i7s
vi o ™ T ain. [ max. | min. | max. | miv. | max
) (mA) A L 5 4 . .
High-Level input 4.5
Voltage Vin to 2 - 2 —_ 2 — Vv
5.5
Low-Level Input 45
Voitage ' to - 08 - 08 — 038 v
55 :
High-Level Output Vin -0.05 45 44 — 44 — 4.4 —
Voltage Vou | 00 24 |45 [304 | — [3s | — [az | = v
- -75 55 | — — | 38 | — - —
- -50 55 | — — — — |38 | —
Low-Level Output Vin 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Vo | 24 |45 — o3 | — Josm [ — 05 |
4 * ‘ 75 55 — — — 1.65 — —
50 5.5 — — — — — 165
Input Leakage Vee :
Current h or 55 - +0.1 - + — ) HA
GND
Quiescent Supply Vee
Current, SSI lec or 0 55 — 4 — 40 — 80 uA
GND
Additional Quiescent Supply 45
Current per input Pin iy — —
TTL Inputs High Ale | Vo2 to 24 28 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT UNIT LOADS*
ALL 0.48

*Unit load is Alcc limit specified in Static Character~
istics Chart, e.g., 2.4 mA max. @ 25°C.
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CD54/74AC86
CD54/74ACT86

SWITCHING CHARACTERISTICS: AC Series; t, ¢, = 3 ns, C, = 50 pF

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘(I“,’; -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX. :

Propagation Delays: t 15 — 123 — 135

Input to Outputs v 3.3 39 13.7 38 15.1 ns

i 5t 2.8 9.8 2.7 10.8
Power Dissipation Capacitance Cro§ — 57 Typ. 57 Typ. pF
Input Capacitance Ci — — L 10 — ] 10 pF
SWITCHING CHARACTERISTICS: ACT Series; t, t, =3 ns, C, = 50 pF
v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (“;f -40 to +85 -55 to +125 UNITS
MIN. - MAX. MIN. | MAX

Propagation Delays: teun

Input to Outputs terL 5t 38 133 3.7 14.6 ns
Power Dissipation Capacitance Ceo§ | — 57 Typ. 57 Typ. pF
Input Capacitance C — — | 10 — |1 10 pF
*33V: min.is@36V

max.is@3V
t5V: min.is@55V
max.is@4.5V

§Cpp is used to determine the dynamic power consumption, per gate.
For AC series: Po = Vec” fi (Cro + C1)
For ACT series: Po = Vee® fi (Ceo + Cu) + Voc Alec where f; = input frequency
C. = output load capacitance
Vee = supply voltage.

OUTPUT

|,=3ns—-1 r— —-] r—'f=31ls
D SR, =

L =
OUTPUT T 50 pF
LOAD :]7: i
“FOR AC SERIES ONLY: WHEN OUTPUT nY
Vee =18V, RL =1k
92Cs -42444

92cs- 42389

CD54/74AC |CD54/7T4ACT
Input Level Vee 3v
Input Switching Voitage, Vs 0.5 Vce 15V
Output Switching Voltage, Vs 0.5 Vec 0.5 Vec

Fig. 1 - Propagation delay times and test circuit.
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Technical Data

Advanced Information

CD54/74AC109, CD54/74AC112
CD54/74ACT109, CD54/74ACT112

Dual “J-K” Flip-Flop with Set and Reset
CD54/74AC/ACT109 - Positive-Edge-Triggered (J, K)
CD54/74AC/ACT112 - Negative-Edge-Triggered (J, K)

1s
w2 8 _1q
w2 FrF -
1cp -4 LART
R
75 1
PYRLI 110 29
2K 3] | F/F
2 | lg
2cp 12 LT
RS Ve = 16 Type Features:
GND = 8 ;
9205°38332 . ?ull;rae’d Irr:)pursation delay:
CD54/74AC/ACT109 ® 'ypica’ propag V.

FUNCTIONAL DIAGRAM

The RCA CD54/74AC109 and CD54/74AC112 and the
CD54/74ACT109 and CD54/74ACT 112 dual “J-K” flip-flops
with set and reset use the RCA ADVANCED CMOS tech-
nology. These flip-flops have independent J, K (or K) Set,
Reset, and Clock inputs and Q and Q. outputs. The
CD54/74AC/ACT112 changes state on the negative-going
transition of the clock pulse. The CD54/74AC/ACT109
changes state on the positive-going transition of the clock.
Set and Reset are accomplished asynchronously by low-
level inputs.

The CD74AC/ACT109 and CD74AC/ACT112 are supplied in
16-lead dual-in-line plastic packages (E suffix) and in 16-
lead dual-in-line small-outline plastic packages (M suffix).
Both package types are operable over the following tempera-
ture ranges: Commercial (0 to 70°C); Industrial (-40 to
+85°C); and Extended Industrial/Military (-55 to +125°C).

The CD54AC/ACT109 and CDS4AC/ACT112, available in
chip form (H suffix), are operable over the -55 to +125°C
temperature range.

48ns@ Vec =5V, Ta=25°C, C. = 50 pF

Family Features:

w Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015

‘m SCR-Latchup-resistant CMOS process and circuit design

m Speed of bipolar FAST*/AS/S with s:gnmcantly
reduced power consumption
m Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
* noise immunity at 30% of the supply
m + 24-mA output drive current
- Fanout to 15 FAST" ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

CD54/74AC/ACT109 TRUTH TABLE

INPUTS OUTPUTS
B R cP J K Q [
L H X X X H L
H L X X X L H
L L X X X H* H*
H H - L L L H
H H —/ H L TOGGLE
H H - L H NO CHANGE
H H - H H H L
H H L X X NO CHANGE

“Unpredictable and unstable condition if both S and R go high

simultaneously.

File Number 1967
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CD54/74AC109, CD54/74AC112
CD54/74ACT109, CD54/74ACT112

CD54/74AC/ACT112 TRUTH TABLE

INPUTS OUTPUTS
5 R cP J K Q a
L H X X X H . L
w2 H L X X X L H
1 o 5 g L L X X X H H
w2 tem| | H H L L L NO CHANGE
e — kK] H H T\ H L H L
L) e H HooL L H L H
3% _::3 . H H L H H TOGGLE
2 20 H H H X X NO CHANGE
2K FF2 S —
-2 7 3% *Output states unpredictable if S and R go High simultaneously
_ 14 - after both being Low at the same time.
2R—] ?JND:% H = High steady state
szcs-nogsl L = Low steady state
X = irrelevant
CD54/74AC/ACT112 v - = High-to-Low transition
FQNCTIONAL DIAGRAM —/ = Low-to-High transition

MAXIMUM RATINGS, Absb/ute-Maximum Values:

DC SUPPLY-VOLTAGE (VeE) + v tteteteatan et asas e s fe et -05to6V
DC INPUT DIODE CURRENT, I (for Vi< -05VorV,>Vec +05V) ......... N [ +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo < -0.5V orVo>Vec +05V) ..o +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo > -05V or Vo<Vcc +05V) .............. +50 mA
DC Vee of GROUND CURRENT (160 OF 1GND) + -« ¢« et oevneeameataaee et et et eet e aeatn e aaans e +100 mA”
POWER DISSIPATION PER PACKAGE (Po): .

For Ta = -551t0 +100°C (PACKAGE TYPEE) . .e.uivniinisniiniieiaiiainnenens e T 500 mW

For Ta= +100to +125°C (PACKAGE TYPEE) ........iiiiiiiniiiiiiiiiann. . Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +70°C (PACKAGE TYPE M) ...ttt ettt e e e 400 mW

For Ta=+70to +125°C (PACKAGE TYPEM) .............. e Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA) .+ ctnuetteneaintseatent ettt taecans -55to +125°C
STORAGE TEMPERATURE (Tetg) « vt vvvvntiieanennaeeiieiiaeeneann. R -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING): ' : :

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10 s maximum ............... PR +265°C

Unit inserted into PC board min. thickness 1/16 in. {1.59 mm) with solder contacting lead tipsonly ............. +300°C

*For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

CHARACTERISTICS LIMITS UNITS
MIN. MAX.
Supply-Voltage Range, Vcc*:
(For Ta = Full Package-Temperature Range)
AC Types 1.5 55 \
ACT Types 45 55 v
DC Input or Output Voltage, Vi, Vo 0 Vee \'
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3V (AC Types) 0 50 ns/V
at 3.6 Vto 5.5V (AC Types) 0 20 ns/V
at 4.5V 1o 55V (ACT Types) 0 10 ns/V

*Unless otherwise specified, all voitages are referenced to ground.
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Technical Data

CD54/74AC109, CD54/74AC112
CD54/74ACT109, CDS4/ 74ACT112

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
: TEST CONDITIONS
CHARACTERISTICS Ve 25 ~40 1o +85 5104125 ) ynirs
; v
v, I (
. | MAX. IN. | MAX. IN. X.
) (mA) MIN M X. | MIN. | MA
High-Level Input 15 1.2 — 1.2 — 1.2 —
Voltage Vin 3 21 . 21 — 21 — \
55 | 385 — 3.85 — 3.85 —
Low-Level Input 1.5 - 0.3 — 03 — - 03
Voltage Vi 3 - 09 - 0.9 — 09 v
55 — 1.65 — 1.65 — 1.65
High-Level Output -0.05 1.5 1.4 — 1.4 — 1.4 —
Voltage Vou | .. [ -00s 3 [ 29 [ — [ 29 | — [ 29 | =
or -0.05 45 4.4 — 44 — 44 —
Vi -4 3 2.58 — 2.48 — 24 — v
-24 45 | 394 — 38 — 37 —
- { -75 5.5 — — 3.85 — — —
-50 55 — — — — 3.85 —
Low-Level Output 0.05 1.5 — 0.1 — 0.1 — 0.1
Voltage Voo |y, 0.05 3 — 0.1 — 0.1 — 0.1
or 0.05 45 — 0.1 — 0.1 — 0.1
Vi 12 3 — 0.36 — 0.44 — 0.5 v
24 45 — 0.36 - 0.44 — 0.5
P { 75 55 — — — 1.65 — —
50 55 — — - — — 1.65
Input Leakage Ve
Current li or 55 — +0.1 — +1 — +1 UA
: GND
Quiescent Supply Ve
Current, FF lee or 0 55 — 4 — 40 — 80 HA
GND ’

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies @ minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

TERMINAL ASSIGNMENT DIAGRAMS:

Y I I
R — — Vce
_ \ [/ 18
1 2 2. 5q 1CP—2 E Vee
— 3 14 1K — R
K = 2 3 14 _
cp 4 13 = L o | 2R
1cP <24 = 2k —
15 ~— A 2ce
7§ 3 12 ocp 1o -3 L,
3] 1
10 8 ﬂ.z_ 1Q —7' LN 29
10 —
w5 10, 28 — — 28
s GND— 2Q
GND — 25
92CS-40339
9cs 3781
CD54/74AC/ACT109 CD54/74AC/ACT112
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Technical Data -
CD54/74AC109, CD54/74AC112
CD54/74ACT109, CD54/74ACT112

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS ' ‘ \ v
CHARACTERISTICS Vee *25 | 4010485 55104125 | N1
v)
v, o | ¢
MIN. | MAX. [ MIN. [ MAX. | MIN. | MAX.
v) (mA) '
High-Level Input 45
Voltage Vin to 2 — 2 — 2 — \
55
Low-Level Input 45
Voltage Vi to — 0.8 - 0.8 — 0.8 \
55
High-Level Output Vin -0.05 4.5 44 — 44 - 44 —
Voltage Vow| O I 24 |45 394 | — [ 38 [ — |37 | —
n
\
. { -75 55 | — — | 88 | — — —
-50 55 il - — — 3.85 -
Low-Level Output Vin 0.05 45 — 0.10 — 0.10 . 0.10
Voltage Voo or
Vi 24 45 | — |03 | — | 044 | — | 050 | vy
PR { 75 | 55 | — - — | 165 | — -
50 55 — — — — — 1.65
Input Leakage Vee
Current Iy or 55 — +0.1 . +1 — +1 LA
GND
Quiescent Supply Ve
Current, FF lec or 0 55 — 4 — 40 — 80 MA
GND
Additional Supply 45
Current per Input Pin " . _ _ _
TTL Inputs High Alce Ver21 5'05 24 28 8 mA
1 Unit Load ) )

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE
INPUT UNIT LOADS*
109 112

J, CP,CP 1 1
K — 0.53

K " 053 —
SR 0.58 0.58

*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 24 mA max. @ 25°C.
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PREREQUISITE FOR SWITCHING: AC Series

Technical Data

CD54/74AC109, CD54/74AC112
CD54/74ACT109, CD54/74ACT112

VCC

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS SYMBOL ) -40 o +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Maximum CP, (CP) Frequency 15 9 — 8 -
109 frmax 3.3 81 — 7 — MHz
5t 114 — 100 —
15 9 — 8 -
112 fmax 33 81 — ral —_ MHz
5 114 — 100 —
CP, (CP) Pulse Width 15 55 - 63 -
tw 3.3 6 — 7 — ns
5 4.4 — 5 —
R, S Pulse Width 15 49 — 56 -
' tw 33 55 — 6.3 — ns
5 39 — 45 —
Setup Time 1.5 61 — 69 —
J, Kto CP tsu 33 6.8 — 7.7 — ns
109 5 48 — 55 —
L 15 44 — 50 —
J,Kto CP tsu 3.3 49 —_ 56 - ns
112 5 35 — 4 —
Hold Time 15 0 — 0 -
J,Kto CP th 33 0 — 0 — ns
109 5 0 — 0 —_
. 15 0 — 0 -
J,Kto CP tw 3.3 0 — 0 — ns
112 5 0 —_ 0 -
Removal Time__ _ 15 27 — 31 —
R, Sto CP, (CP) trem 3.1 3.1 — 35 - ns
5 22 — 25 -
*33V:min.is@3V
t5V:minis@45V
SWITCHING CHARACTERISTICS: AC Series; t, t, = 3 ns, C_ = 50 pF
AMBIENT TEMPERATURE (T.) - °C
CHARACTERISTICS SYMBOL ‘("7c -40 to +85 5510 +125 UNITS
) MIN. MAX. MIN. MAX.
Propagation Delays: N 1.5 — 117 — 129
CP,(CP)to Q, Q th 3.3 3.7 13.1 3.6 14.4 ns
PrL 5t 2.7 9.4 26 103
S,Rt0Q,Q teun 15 — 139 — 153
ter 3.3 4.4 165 4.3 171 ns
5 32 11 3.1 12.2
Power Dissipation Capacitance Cro§ — 56 Typ. 56 Typ. pF
input Capacitance C — — I 10 — 10 pF

*33V:min.is@36V
max.is@3V
t5V:min.is@55V
max. is @ 4.5V

§Ceo is used to determine the dynamic power consumption, per flip-flop.

Po = CpoVcc’ fi + X (CuVed” fo) where f = input frequency

fo = output frequency
C. = output load capacitance

Ve = supply voltage.
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Technical Data

CD54/74AC109, CD54/74AC112
CD54/74ACT109, CD54/74ACT112

PREREQUISITE FOR SWITCHING: ACT Series

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS | symBoL &; -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Maximum CP, (CP) Frequency ‘
109 frma 5" 114 — 100 — MHz
112 114 — 100 —
CP, (CP) Pulse Width tw 5 44 — 5 — ns
R, S Pulse Width tw 5 48 — 55 — ns
Setup Time
J, K to CP (109) tso 5 48 — 55 — ns
J, K to CP (112) 35 — 4 —
Hold Time
J, K to CP (109) tn 5 0 — 0 — ns
J, Kto CP (112) 1 — 1 _
Removal Time___
R, Sto CP, (CP) trem 5 22 — 25 — ns

5Vimin.is@45V

SWITCHING CHARACTERISTICS: ACT Series; t, t, = 3 ns, C_ = 50 pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ({;'f -40 to +85 -55 to +126 UNITS
MIN. MAX. MIN. MAX.

Propagation Delays_ teLn .

CP, (CP) 0 Q, O ton 5 27 94 26 103 ns

SRtQQ toun 5 32 1.1 3.1 12.2 ns

terL
Power Dissipation Capacitance Ceo§ — 56 Typ. 56 Typ. pF
Input Capacitance C — — I 10 — 10 pF
*5V:min.is@55V §Cro is used to determine the dynamic power consumption, per flip-flop.
max. is @45V Po = CpoVee? fi +  (CuVec® fo) + Ve Alcc wherefi = input frequency

f, = output frequency
C. = output load capacitance
Vec = supply voltage.
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Technical Data

CD54/74AC109, CD54/74AC112
CD54/74ACT109, CD54/74ACT112

CD54/74AC/ACT109 Waveforms

ty =
_ y———INPUT LEVEL
SORR Vs
\ —— GND
tPHL
INPUT LEVEL ~
R v,
ce 9% oo GorRQ s
tpLH
. QORQ vs
t
PLH PHL —=! tRem f—
QORQ vs INPUT LEVEL
cp Vs
92CS-42652 —— GND
92CS-38534R2
Clock to output delays and clock pulse width. Reset or Set prerequisite and propagation delays.
_ INPUT LEVEL
JORK
GND
M weut LEVEL
cp
GND
92CS-38535A2
Data setup and hold times.
CD54/74/AC/ACT112 Waveforms
INPUT
SR, LEVEL
— GND
TP
@
Q@ m
Vg tREM
QORT —_— INPUT
TP —
92C5- 42653 LEVEL
GND
92CS-39233R)
INPUT
JoRK LEVEL
GND
) INPUT
LEVEL
ouTPUT
—— GND
92Cs-39234

cL = Propagation delay times, and setup and hold times.
ouTPUT Iso BF
Loap L
*FOR AC SERIES ONLY: WHEN CD54/74AC |CD54/74ACT
Vee=15V,RL=1kQ Input Level Vee 3V
92¢s - 42389 Input Switching Voltage, Vs 0.5 Ve 15V
Test circuit. Output Switching Voltage, Vs 0.5 Vee 0.5 Ve
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Technical Data

CD54/74AC138, CD54/74AC238
CD54/74ACT138, CD54/74ACT238

AC/ACT
238

AC/ACT
138

Yo
Y1
v2
Y3
Y4
Ys
- Y6
Y7

Type Features:
u Buffered inputs

R - B B -

92(5-42402

FUNCTIONAL DIAGRAM &
TERMINAL ASSIGNMENT

The RCA-CD54/74AC138 and CD54/74AC238 and the
CD54/74ACT138 and CD54/74ACT238 3-to-8-line decoders/
demultiplexers use the RCA ADVANCED CMOS technol-
ogy. Both circuits have three binary select inputs (A0, A1,
and A2). If the device is enabled, these inputs determine
which one of the eight normally HIGH outputs of the
AC/ACT138 will go LOW or which one of the normally LOW
outputs of the AC/ACT238.will go HIGH. Two active LOW
and one active HIGH enables (E7, EZ, and E3) are provided
to simplify the cascading of these devices.

The CD74AC/ACT138 and CD74AC/ACT238 are supplied in
16-lead dual-in-line plastic packages (E suffix) and in 16-
lead dual-in-line small-outline plastic packages (M suffix).
Both package types are operable over the following tempera-
ture ranges: Commercial (0 to 70°C); Industrial (-40 to
+85°C); and Extended Industrial/Military (-55 to +125°C).

The CD54AC/ACT 138 and CD54AC/ACT238, available in chip
form (H suffix), are operable over the -55 to +125° C tempera-
ture range.

Advance Iinformation

3-to-8-Line Decoders/Demultiplexers

AC/ACT138 - Inverting
AC/ACT238 - Non-Inverting

» Typical propagation delay (AC/ACT138):
5!78@ Vec=5V, Ta=25°C, C..=50pF

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
m SCR-Latchup-resistant CMOS process and circuit design
m Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
m Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply.
m» * 24-mA output drive current
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE
CD54/74AC138, CD54/74ACT138
INPUTS
ENABLE ADDRESS OUTPUTS

Es *Eo Ax A Ao Yo Yi Y2 Y3 Ya Y5 Y6 Y7
X H X X X H H H H H H H H

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

H L L L L L H H H H H H H
H L L L H H L H H H H H H

H L L H L H H L H H H H H

H L L H H H H H L H H H H

H L H L L H H H H L H H H

H L H L H H H H H H L H H

H L H H L H H H H H H L H

H L H H H H H H H H H H L

H = High level, L = Low level, X = Don’t care
*Eo=Ei +E2
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Technical Data

CD54/74AC138, CD54/74AC238
CD54/74ACT138, CD54/74ACT238

TRUTH TABLE
CD54/74AC238, CD54/74ACT238

INPUTS
ENABLE ADDRESS ouTPUTS
Es ‘Eo A2 A, Ao YO Y1 Y2 Y3 Y4 Y5 Y6 Y7
X H X X X L L L L L L L L
L X X X X L L L L L L L L
H L L L L H L L L L L L L
H L L L H L H L L L L L L
H L L H L L L H L L L L L
H L L H H L L L H L L L L
H L H L L L L L L H L L L
H L H L H L L L L L H L L
H L H H L L L L L L L H L
H L H H H L L L L L L L H
H = High level, L = Low level, X = Don't care
*Eo=E1 +E2
MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE (VCC) -« vt ttttte ittt et e e e e e e e e e e e e e e e e -05to6V
DC INPUT DIODE CURRENT, Ik (for Vi<<-05V or Vi>Veec + 05 V) oottt +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-0.5VOorVo>Vec +0.5V) oot +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-05VorVo<Vec +05V) .............. +50 mA
DC Ve or GROUND CURRENT (16 OF IGND) « -« v vvte s et ettt ettt e e e et e e e e e et e +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):
FOr Ta=-5510 +100°C (PACKAGE TYPE E) ...ttt ittt e e e e e e e 500 mW
For Ta=+100to +125°C (PACKAGE TYPEE) .........o0iiiviiiiinnnnnnnn.. Derate Linearly at 8 mW/°C to 300 mW
FOr Ta=-5510 +70°C (PACKAGE TYPE M) ...ttt e e e e e i 400 mW
For Ta=+7010 +125°C (PACKAGE TYPEM) ...ttt Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta) . eutnttttttttte ittt ettt et e e e et -55 to +125°C
STORAGE TEMPERATURE (Tstg) - v v v tenenteteetetette ettt e e e e et e e e e e '-65to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 + 1/32in. (1.59 £ 0.79 mm) from case for 10 S maximum . ............ouuiiurieearennnnnnnns +265°C
Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C
*For up to 4 outputs per device; add + 25 mA for each additional output.
RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:
CHARACTERISTIC LIMITS UNITS
MIN. MAX.
Supply-Voltage Range, Vcc*:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 v
ACT Types 4.5 55 Vv
DC Input or Output Voltage, V|, Vo 0 Vee Y
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at1.5Vto 3V (AC Types) 0 50 ns/V
at 3.6 V to 5.5 V (AC Types) 0 20 ns/V
at4.5V 10 5.5V (ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.
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Technical Data

CD54/74AC138, CD54/74AC238
CD54/74ACT138, CD54/74ACT238

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C

TEST CONDITIONS
CHARACTERISTICS Veo +25 -40 1o +85 S5104125 | ynirs
v)
v, o |
MIN. MAX. MIN. MAX. MIN. MAX.
v) (mA)
High-Level Input 1.5 1.2 . 1.2 . 1.2 —
Voltage Vin 3 | 21 — 2.1 — 2.1 — v
5.5 3.85 — 3.85 — 3.85 —
Low-Level input 15 — 0.3 — 0.3 — 0.3
Voltage Vie 3 | — | o9 — [ o9 — | o9 v
5.5 — 1.65 — 1.65 —_ 1.65
High-Leve! Output -0.05 15 14 — 14 — 14 —
Voltage Vor |y, -0.05 3 29 — 29 — 29 —
or -0.05 45 | 44 — 44 — 44 —
Vi -4 3 2.58 — 2.48 — 24 — \'
-24 4.5 3.94 - 3.8 — 3.7 —
i -75 55 | — — | 385 | — - —
-50 5.5 — — — - 3.85 —
Low-Level Output 0.05 1.5 — 0.1 — 0.1 — 0.1
Voltage Vo |y, 0.05 3 — 0.1 — 0.1 — 0.1
or 0.05 4.5 — 0.1 — 0.1 — (A
Vi 12 3 — 0.36 — 0.44 — 05 \
24 4.5 — 0.36 — 0.44 — 0.5
§ * 75 55 | — — — | 165 | — —
50 55 — — — — — 1.65
Input Leakage Vee
Current I or 55 — +0.1 — +1 — +1 LA
GND
Quiescent Supply Vee
Current, MS! fee or (0] 5.5 —_ 8 — ‘80 — 160 LA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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Technical Data

CD54/74AC138, CD54/74AC238
CD54/74ACT138, CD54/74ACT238

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
: TEST CONDITIONS .
CHARACTERISTICS Ve +28 -401o +85 S5104125 | ynirs
v)
(‘\’,') (n'&) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input . 45 . .
Voltage Vi to 2 — 2 — 2 — "
55
Low-Level Input 4.5
Voltage Vi to . 08 — 0.8 — 08 \
, 5.5 :
High-Level Output Viu -0.05 45 44 — 44 — 44 —
Voltage Vou | 7 24 | a5 [ 394 | — [38 | — | 37 | — v
' 4 % -75 55 | — — | 38 | — - —
' -50 55 | — — — — | 385 | —
Low-Level Output Vi 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Vo | g0 24 45 | — (03 [ — [oaa | — | o5 v
o 75 55 | — - — 1.65 — —
' 50 55 | — — — — — 1.65
Input Leakage Vee
Current h “or 5.5 — +0.1 — +1 — +1 LA
GND
Quiescent Supply Vee : .
Current, MSI lec or 0 55 — 8 - 80 — 160 LA
GND
Additional Quiescent Supply 45
Current per Input Pin s i} _ _ _
TTL Inputs High Alge | Voo o 24 28 3 mA
1 Unit Load 5.

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT UNIT LOAD*
A0 - A2 0.83
El, E2 1

E3 0.42

*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 2.4 mA max. @ 25°C.
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Technical Data

CD54/74AC138, CD54/74AC238
CD54/74ACT138, CD54/74ACT238

SWITCHING CHARACTERISTICS: AC Series; t,, t, = 3 ns, C,_ = 50 pF

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL Y,‘;;’ -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: t 15 — 125 —_ 138
An to Output (138) N 33" 4 14 39 15.4 ns
Pt 5t 28 10 28 1
ET, 2 to Output R 15 — 114 - 125
(138) t"“* 33 36 127 35 14 ns
PHL 5 26 9.1 25 10
E3 to Output ¢ 15 — 125 — 138
(38 | 33 4 14 39 15.4 ns
PHL 5 28 10 28 11
An to Output 4 15 — 170 — 187
(238) t"“‘ 33 5.4 19.1 5.3 21 ns
PHL 5 39 13.6 38 15
E7, E2 to Output t 1.5 — 135 —_ 149
(238) "L" 33 43 15.2 42 16.7 ns
PrL 5 3.1 10.7 3 1.9
E3 to Output N 15 — 189 — 208
(238) t"”‘ 33 6 211 58 23.2 ns
PHL 5 43 15.1 4.2 16.6
Power Dissipation Capacitance Cro} — 110 Typ. 110 Typ. pF
Input Capacitance Ci — — 10 — [ 10 pF
SWITCHING CHARACTERISTICS: ACT Series; t,, t, = 3 ns, C_= 50 pF
v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (ﬁ -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: toun
An to Output (138) t;ﬂ st 31 109 3 12 ns
ET, E2 to Output '
(138) 1::.: 5 27 95 26 105 ns
E3 to Output 4
(138) t::*: 5 28 10 28 1 ns
An to Output "
(238) t:: 5 4 14.2 3.9 15.6 ns
E7, E2 to Output t
(238) t::’: 5 37 129 36 142 ns
£3 to Output N
(238) t:': 5 35 12.4 34 136 ns
Power Dissipation Capacitance Crot — 110 Typ. 110 Typ. pF
Input Capacitance Ci — — 10 — 10 pF

*3.3V: min.is@3.6V
max.is@3V

t5V: min.is@55V
max. is @ 4.5V

$Cpo is used to determine the dynamic power consumption, per package.

For AC series: Po = Voc® i (Ceo + Cu)

For ACT series: Pp = Vec? fi (Ceo + CL) + Vec Alee where fi = input frequency
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Technical Data

CD54/74AC138, CD54/74AC238
CD54/74ACT138, CD54/74ACT238

138
OUTPUT

teHL

238
OUTPUT
D ——

—

PLH

— e Vg
=1 PLH

— —|— — —— v
‘4 TPHL

92C5-42403

Fig. 1 - Propagation delay times.

INPUT

£3

i3e
ouTPUT

238
QUTPUT

S A

—e{tppyL -

b

92C5-42404

Fig. 2 - Propagation delay times.

CD54/74AC |CD54/74ACT
Input Level Vec 3V
Input Switching Voltage, Vs 0.5 Vce 15V
Output Switching Voltage, Vs 0.5 Ve 0.5 Vee
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Technical Data

CD54/74AC139
CD54/74ACT139

Dual 2-to-4-Line Decoder/Demultiplexer

2 4
120 - %
DECODER 17T
1 £ vz
1ar —2 L 73 Type Features:
E "____] u Buffered inputs
12 m Typical propagation delay:
14 2Y0 54ns @ Vec =5V, Ta=25°C, CL =50 pF
240 DECODER Vo
F 10
13 9 212
2A1 2Y3
28 13 GND=8
Ve =16
FUNCTIONAL DIAGRAM °%°°37°¢'%3

The RCA CD54/74AC139 and CD54/74ACT139 dual 2-to-
4-line decoders/demultiplexers use the RCA ADVANCED
CMOS technology. These devices contain two independent
binary to one-of-four decoders, each with a single active-
LOW enable input (TE or 2E). Data on the select inputs (1A0
and 1A1 or 2A0 and 2A1) cause one of the four normally
HIGH outputs to go LOW.

If the enable input is HIGH, all four outputs remain HIGH.
For demultiplexer operation, the enable input is the data
input. The enable input also functions as a chip select when
these devices are cascaded.

The CD74AC139 and CD74ACT139 are supplied in 16-lead
dual-in-line plastic packages (E suffix) and in 16-lead dual-
in-line small-outline plastic packages (M suffix). Both pack-
age types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C),
and Extended Industrial/Military (-55 to +125°C).

The CD54AC139 and CD54ACT139, available in chip form
(H suffix), are operable over the -55 to +125°C temperature
range.

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
s SCR-Latchup-resistant CMOS process and circuit design
m Speed of bipolar FAST®/AS/S with significantly
reduced power consumption
m Balanced propagation delays
u AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply.
m + 24-mA output drive current
- Fanout to 15 FAST® ICs
- Drives 50-ohm transmission lines

®FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE
INPUTS OUTPUTS
[Enable Select
E A1 A0 Y3 2 Y1 Y0
L L L H H H L
L L H H H L H
L H L H L H H
L H H L H H H
H X X H H H H
X = Don't care
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Technical Data

CD54/74AC139
CD54/74ACT139

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VCC) + et nvtnttain e eeane e et e e e et e et ettt e e e e e et ee et -05t06V
DC INPUT DIODE CURRENT, I« (for Vi < S05VOrVi>Vec+05V) iniiiiiiii i +20 mA
DC QUTPUT DIODE CURRENT, lok (for Vo <-0.5V OrVo>Vec +05V) oo +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-05V orVo<Vec +05V) .............. +50 mA
DC Vec or GROUND CURRENT (Iog OF IGND) ««« v v et eeeetete ettt et e e e e e e e e e e e e e e e +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):

FOr Ta=-5510 +100°C (PACKAGE TYPE E) .. .iuiuiininititiiieee e e et ee i ianens 500 mW

For Ta=+100t0 +125°C (PACKAGE TYPEE) .........oviriiiiiirennnnnnnnns Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +70°C (PACKAGE TYPE M) .. ..uvtuiiiiiitii ettt ettt ettt 400 mwW

For Ta= +7010 +125°C (PACKAGE TYPEM) ...ttt Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA) .. .outtttttitniii ittt ettt e e ee e ettt et ieanenns -55to +125°C
STORAGE TEMPERATURE (Tatg) - .« et titensettetteeeneesnee s e ne e e e ettt e e e eaneeenns -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10 S Maximum ..............couvurenenenenennnnnn. +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.5 mm) with solder contacting lead tipsonly ............. +300°C

* For up to 4 outputs per device; add + 25 mA for each additional output,

RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

CHARACTERISTIC LIMITS UNITS
MIN. MAX.
Supply-Voltage Range, Vec*:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 \"
ACT Types 45 55 A
DC Input or Output Voltage, Vi, Vo 0 Vee Y
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5 Vto 3 V (AC Types) 0 50 ns/V
at3.6 Vto 5.5V (AC Types) 0 20 ns/V
at4.5Vto 55V (ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.

el ™~ Bevee
140 2 R
11 2 4 200
wo 4 L2 240
wi 12 2v0
vz -S4 HL 3
i -1 19 7v2
ano 2 2 7
s
TERMINAL ASSIGNMENT
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Technical Data

CD54/74AC139
CD54/74ACT139

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS .
CHARACTERISTICS Ve +25 ~40to +85 S0 | ynits
v)
i lo M | max | win | max. | win | max
v) (mA) ) ) ) )
High-Level Input 1.5 1.2 — 1.2 — 1.2 -
Voltage Vi 3 2.1 _ 2.1 _ 21 . Vv
55 | 385 — 3.85 — 3.85 —
Low-Level Input 15 —_ 0.3 — 0.3 — 0.3
Voltage Vi 3 — 0.9 — 09 — 0.9 v
55 -— 1.65 — 1.65 — 1.65
High-Level Output -0.05 15 14 — 1.4 — 14 —
Voltage Vou |y, -0.05 3 | 29 — 29 — 29 —
or -0.05 45 | 44 — 44 — 44 —
Ve -4 3 2.58 — 2.48 — 2.4 —
-24 45 | 394 — 38 — 37 — v
4 * { -75 55 — — 3.85 — — —
-50 55 — — — — 3.85 —
Low-Level Output 0.05 1.5 - 0.1 — 0.1 — 0.1
Voltage Vou |y, 0.05 3 — 0.1 — 0.1 — | o1
or 0.05 45 — 0.1 — 0.1 — 0.1 v
Vi 12 3 — 0.36 — 0.44 — 05
24 45 — 0.36 —~ 0.44 — 0.5
4 * { 75 5.5 — — — 1.65 — —
50 55 — — — — - 1.65
Input Leakage Vee
Current h or 55 — 10.1 — +1 — +1 MA
GND
Quiescent Supply Vee
Current, MSI lec or 0 55 - 8 — 80 —_ 160 LA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-tine-drive capability at +85°C, 75 ohms at +125°C.
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Technical Data

CD54/74AC139
CD54/74ACT139

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Ve *25 ~40 to +85 55004125 | ynirs
v)
Vi o ( MAX. | MIN. | MAX. | MIN. | MAX
v (mA) MIN. . A . N .
High-Level Input 45
Voitage Vin to 2 . 2 . 2 - \
55
Low-Level Input 4.5
Voltage Vi to - 08 . 0.8 — 0.8 v
55
High-Level Output \ -0.05 45 44 — 44 — 44 —
Voltage Vo or -24 45 | 394 | — 38 — 37 —
V|L V
b { -75 55 | — — |38 | — — —
-50 55 - — - - 3.85 —
Low-Level Output Vin 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Voo or
Vi 24 45 — 0.36 -_ 0.44 — 0.5 v
- { 75 55 — — — 1.65 — —
50 55 — . _ - — 1.65
Input Leakage Vee
Current h or 5.5 — +0.1 — +1 — +1 A
GND
Quiescent Supply Vee
Current, MSI lec or 0 55 - 8 — 80 — 160 HA
GND
Additional Quiescent Supply 45
Current per Input Pin, ) . .
TTL Inputs High, Alg | Vo2 to 24 28 3 | mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT UNIT LOADS*
A0, A1 1
E 0.67

*Unit load is Alcc limit specified in Static Character-
istics Chart, e.g., 2.4 mA max. @ 25°C.
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Technical Data

CD54/74AC139
CD54/74ACT139

SWITCHING CHARACTERISTICS: AC Series; t,, t, = 3 ns, C, = 50 pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL | (yy -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: t 1.5 — 119 — 131
AQ, A1 to Outputs oo 33 39 134 37 147 ns
5t 28 9.5 26 105
E to Outputs 15 — 119 — 131
:PLH 3.1 39 13.4 37 14.7 ns
PHL 5 28 9.5 26 10.5
Power Dissipation Capacitance Ceo§ — 83 Typ. 83 Typ. pF
Input Capacitance Ci - — 10 — | 10 pF
SWITCHING CHARACTERISTICS: ACT Series; t, t, = 3 ns, C, = 50 pF
v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL o -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: t
A0, A1 to Outputs tPL" 5t 3.1 10.5 29 11.5 ns
PHL
E to Outputs
teLn 5 3.2 10.9 3 12 ns
ter
Power Dissipation Capacitance Cro§ — 83 Typ. 83 Typ. pF
Input Capacitance Ci — — ] 10 — I 10 pF

*3.3V: min.is@36V
max.is@ 3V

min. is@55V
max.is@4.5V

5 V:

tr=3ns

F INPUT LEVEL

INPUT E

GND

§Ceo is Used to determine the dynamic power consumption, per decoder/demultiplexer.
For AC series: Pp = Vec® i (Cep + Cu)
For ACT series: Pp = Vec® fi (Cro + Cu) + Ve Alec: Where fi = input frequency
C. = output load capacitance
Vee = supply voltage.

INPUT
LEVEL

GND

OUTPUT Y3
92CS-42529
ouTPUT
RL* 92¢s- 42530
5008
put
ouTPUT _T_% oF CD54/74AC |CD54/74ACT
LoaD L
= Input Level Vce 3V
*FOR AC SERIES ONLY: WHEN -
vee =15V, RL =1k Input Switching Voltage, Vs 0.5 Vee 15V
s2cs- 42389 Output Switching Voltage, Vs 0.5 Vee 0.5 Vee

Fig. 1 - Propagation delay times and test circuit.
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CD54/74AC151
CD54/74ACT151

-Advance Information

2 8-Input Multiplexer

7 Type Features:

So —11 ® Buffered inputs

sy_—_10 m Typical propagation delay:
Sz [

7 Vge = 16

GND = 8
FUNCTIONAL DIAGRAM '92CS-38431

The RCA CD54/74AC151 and CD54/74ACT151 8-input
digital multiplexers use the RCA ADVANCED CMOS tech-
nology. They have three binary control inputs (SO, S1,
and S2) and an active-LOW Enable (E) input. The three
binary inputs select 1 of 8 channels. The output is both
inverting (Y) and non inverting (Y).

The CD74AC151 and CD74ACT151 are supplied in 16-
lead dual-in-line plastic- packages (E suffix) and in 16-
lead dual-in-line small-outline plastic packages (M suffix).
Both package types are operable over the foliowing tem-
perature ranges: Commercial (0 to 70°C); Industrial (-40 to
+85°C); and Extended Industrial/Military (-55 to +125°C).

The CD54AC151 and CD54ACT151, available in chip form
(H suffix), are operable over the -55 to +125°C tempera-
ture range.

6ns@ Vec=5V, Ta=25°C, C.= 50 pF

Family Features:

® Exceeds 2-kV ESD Protection - MIL-STD-883,

Method 3015

w SCR-Latchup-resistant CMOS process and circuit design
w Speed of bipolar FAST*/AS/S with significantly

reduced power consumption

m Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced

noise immunity at 30% of the supply

= 1 24-mA output drive current

~ Fanout to 15 FAST* ICs
~ Drives 50-ohm transmission lines

“FAST is a Registered Trademark of Fairchild Semiconductor Corp.

INPUTS OUTPUTS
E S2 S So lo I Iz ls ls Is Is i Y Y
H X X X X X X X X X X X H L
L L L L L X X X X X X X H L
L L L L H X X X X X X X L H
L L L H X L X X X X X X H L
L L L H X H X X X X X X L H
L L H L X X L X X X X X H L
L L H L X X H X X X X X L H
L L H H X X X L X X X X H L
L L H H X X X H X X X X L H
L H L L X X X X L X X X H L
L H L L X X X X H X X X L H
L H L H X X X X X L X X H L
L H L H X - X X X X H X X L H
L H H L X X X X X X L X H L
L H H L X X X X X X H X L H
L H H H X X X X X X X L H L
L H H H X X X X X X X H L H

H = HIGH voltage level. L = LOW voltage level. X = Don't care.

File Number 1980
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CD54/74AC151
CD54/74ACT151

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VEE) + v vt eveeneenteattasaaaeeene st aiseatastotseteetsansotoeusstoncs -05to6V
DC INPUT DIODE CURRENT, Ik (for Vi< -05VorVi>Vec +05V) ..o +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo< -0.5VorVo>Vec +05V) ..o +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo> -05V or Vo <Vec +0.5V) .............. +50 mA
DC Vec or GROUND CURRENT (loc OF IGND) « vt oo vvvenieeeaioeenae ettt enttaaatceantteattteeianeenonns +100 mA*

POWER DISSIPATION PER PACKAGE (Po):
For Ta=-551t0 +100°C (PACKAGE TYPE E) . ...ututnintnm ittt ata et en et s 500 mW
For Ta= +100to +125°C (PACKAGE TYPEE) ......coccvieiiiiiiiiiinnnns Derate Linearly at 8 mW/°C to 300 mW
For Ta=-5510 +70°C (PACKAGE TYPE M) ... ..uiinittnett ettt et eee o 400 mW
For Ta = +70 to +125°C (PACKAGE TYPE M) Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta) . .tvctneiuteameaaeaaeaantattateaiaetaaanannuaecencanoes -55 to +125°C
STORAGE TEMPERATURE (Tstg) +« v cnevereenantnenenenenseseaeinmsentntnenonaenanananaraosteescns -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 + 1/32 in. (1.59 £ 0.79 mm) from case for 10 s maximum ..., +265°C
Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

*For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, normal operating conditions should be selected so that operation is always within the

following ranges:

CHARACTERISTICS LIMITS UNITS
MIN. MAX.
Supply-Voltage Range, Vcc™:
(For Ta = Full Package-Temperature Range)
AC Types 1.5 55 \
ACT Types 45 55 \
DC iInput or Output Voltage, V), Vo 0 Vee \
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, d/dv
at 1.5V to 3 V (AC Types) 0 50 ns/V
at 3.6 V1o 5.5 V (AC Types) 0 20 ns/V
at 4.5 V t0 5.5 V (ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.

1y —1 18 vee
1y 2 5,
3 14y
o2 13y,
v__5 12,
y__8 "
€ L 1°——s1
ano—2 2 s,
92CS~-38432
TERMINAL ASSIGNMENT
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STATIC ELECTRICAL CHARACTERISTICS: AC Series

Technical Data

CD54/74AC151
CD54/74ACT151

AMBIENT TEMPERATURE (T,) - °C
' TEST CONDITIONS
CHARACTERISTICS Vee 25 -4010 +85 55104125 1 yuirs
v, L
MIN. [ MAX. | MIN. | MAX. | MIN. | MAX.
) (mA) N
High-Level Input 1.5 1.2 - 1.2 — 1.2 —
Voltage Vin 3 21 — 2.1 — 2.1 — \Y
55 3.85 — 3.85 — 3.85 —
Low-Level Input 15 — 0.3 — 0.3 - 0.3
Voltage Vi 3 — 0.9 — 0.9 — 0.9 v
55 - 1.65 — 1.65 — 1.65
High-Level Output -0.05 15 14 — 14 — 14 —
Voltage Vou |, -0.05 3 | 29 — 29 — 29 —
H
or -0.05 45 4.4 _— 44 - 4.4 —
Vi -4 3 | 258 | — | 248 | — 24 — v
-24 45 3.94 — 38 — 3.7 —
g -75 55 | — — | 38 | — — —
-50 55 — — — — 3.85 —
Low-Level Output 0.05 1.5 — 0.1 — 0.1 — 0.1
Voltage Vou Vin 0.05 3 — 0.1 — 0.1 — 0.1
or 0.05 45 — 0.1 — 0.1 — 0.1
Vi 12 3 — 0.36 — 0.44 — 0.5 v
24 4.5 — 0.36 — 0.44 — 0.5
8 * 75 55 | — — — 1.65 — —
50 55 — — — — — 1.65
Input Leakage Vee
Current h or 55 — +0.1 — +1 — +1 MA
' GND
Quiescent Supply Vee
Current, MSI lec or 0 55 — 8 — 80 —_ 160 HA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made b:

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

y forcing current and measuring voltage to minimize
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Technical Data

CD54/74AC151

CD54/74ACT151

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C

TEST CONDITIONS ' .
CHARACTERISTICS Vee ¥25 -40 10 +85 SSNB yNTs
v)
(“',') ("'&) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input 45
Voltage Vin to 2 — 2 — 2 — Y
55
Low-Level Input 45
Voltage ' to — 08 — 0.8 — 0.8 \
5.5
High-Level Output Vin -0.05 45 44 — 44 —_ 44 —
Voltage Vou | 90 24 | 45 | 394 | — | 38 | — [ 37 | —
- { 75 55 | — — |38 | — — — v
-50 5.5 — — — ot 3.85 -
Low-Level Output Vin 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Vou or
Vi 24 45 — 0.36 - 0.44 — 0.5 v
4 * 75 5.5 — — — 1.65 — —
50 55 - - —_ — - 1.65
Input Leakage Vee
Current B or 55 — +0.1 — +1 — +1 HA
GND
Quiescent Supply Vee
Current, MSI lce or 0 55 — 8 — 80 — 160 HA
GND
Additional Quiescent Supply 45
Current per Input Pin N ’ _ _ _
TTL Inputs High Al | V= o 24 28 8| mA
1 Unit Load )

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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ACT INPUT LOADING TABLE

INPUT

UNIT LOAD*

1 (All)
E
s

1
1
1

*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 2.4 mA max. @ 25°C.




Technical Data
CD54/74AC151
CD54/74ACT 151

SWITCHING CHARACTERISTICS: AC Series; .4 =3ns,C_=50pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (“,:;’ -40 to +85 -55 to +125 UNITS
: MIN. MAX. MIN. MAX.
Propagation Delays: teun 1.5 — 152 - 169
Any Data to Y tomL 3.3 49 171 4.7 18.9 ns
5t 35 123 34 135
Any Datato’ Y ton 15 — 169 — 186
tor 33 54 19 5.2 20.9 ns
5 3.8 13.5 37 149
Any Selectto Y tom 1.5 — 207 — 228
tont 33 6.6 23.2 6.4 255 ns
5 47 16.5 46 18.2
Any Selectto Y twn 15 — 223 — 245
tene 33 71 249 6.9 274 ns
5 5.1 17.8 49 196
Any Enable to Y o 15 — 139 — 153
tonL 33 44 15.5 4.3 171 ns
5 31 1.1 3.1 122
Any Enable to Y tou 15 — 153 — 169
tor 33 49 17.2 47 189 ns
5 35 12.3 3.4 13.5
Power Dissipation Capacitance Cro§ — 120 Typ. 120 Typ. pF
Input Capacitance Ci — — 10 — [ 10 pF
"3.3 V: min. is @‘ 36V §Cro is used to determine the dynamic power consumption, per device.
max.is@3V Po = Ve fi (Ceo + C) where f; = input frequency
15 V: min. is @ 5.5V VCL = outplljt Ioalzi capacitance
max. is @ 4.5 V cc = Supply voltage.

SWITCHING CHARACTERISTICS: ACT Series; t, t, = 3 ns, C, = 50 pF

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL \("‘,’;’ -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: teun . 15.5 s
Any Datato Y e 5 4 | 14.1 39 i n
Any Datato Y e 5 44 15.4 42 16.9 ns
teuL
Any Select to Y teun 5 52 18.4 5.1 202 ns
trHL
Any Select to Y trun 5 56 196 54 216 ns
teHL
Any Enableto Y ten 5 3.1 1 3 12.1 ns
teH
Any Enable to Y teun 5 35 123 34 135 ns
teHL
Power Dissipation Capacitance Cro§ — 120 Typ. 120 Typ. pF
Input Capacitance Ci — — [ 10 — 10 pF
*5V:min.is@5.5V §Cro is used to determine the dynamic power consumption, per package.
max.is@4.5V Po = Vec® fi (Cep + Cu) + VecAlee where f, = input frequency

C. = output load capacitance
Vce = supply voltage.

141




Technical Data

CD54/74AC151
CD54/74ACT151

e tf

—— INPUT LEVEL = p—t=3ns =308 INPUTLEVEL
InORS Vs ENABLE — =t —q0%
GNo SELECT ——» >< T Vs

tPHL tpLH N Y-

_ " GND

¥

Yourput | k-——————1 F Vs
PLH tPHL tPHL —=] —— L-— tPLH
tpLH —~ — tPHL
v vs  femm————— —-—-Vs
Y OUTPUT
92CS-42675
92CS- 42676
Fig. 1 - Inputs or select to output propagation delays. Fig. 2 - Enable to output propagation delfays.
ouTPUT
O
CL =
ouTPUT I 50 pF
LOAD — CD54/74AC [CDS54/74ACT
*FOR AC SERIES ONLY: WHEN
Vec=15V.RL=1k0 Input Level Vee 3v
s2cs- 42380 Input Switching Voitage, Vs 0.5 Vce 15V
Qutput Switching Voltage, Vs 0.5 Ve 0.5 Vee

Fig. 3 - Test circuit.
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Technical Data

Advance Information

CD54/74AC153
CD54/74ACT153

Dual 4-Input Multiplexer

6.3ns @ Voc =5V, Ta=25°C, Cy = 50 pF

e
1§

1195

11,4 SEL/MUX _l"

32— Type Features:
so24 » Buffered inputs
s1-2 m Typical propagation delay:

10

ZIOT_

2 "2 SELMUX -2y

233 e

2812 sscn-s

92CS-39626
FUNCTIONAL DIAGRAM

The RCA CD54/74AC153 and CD54/74ACT153 dual 4-input
multiplexers use the RCA ADVANCED CMOS technology.
One of the four sources for each section is selected by the
common Select inputs, SO and S$1. When the Enable inputs
(1E, 2E) are HIGH, the outputs are in the low state.

The CD74AC153 and CD74ACT153 are supplied in 16-lead
dual-in-line plastic packages (E suffix) and in 16-lead dual-
in-line small-outline plastic packages (M suffix). Both pack-
age types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C);
and Extended Industrial/Military (-55 to +125°C).

. The CD54AC153 and CD54ACT153, available in chip form
(H suffix), are operable over the -55 to +125°C temperature
range.

Family Features:
= Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
a SCR-Latchup-resistant CMOS process and circuit design
® Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
w Balanced propagation delays
® AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
» + 24-mA output drive current
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE

SELECT ENABLE
INPUTS | DATAINPUTS | INPUTS | OUTPUT
S1 SO |nl, nl, nl, ni nE nY
X X X X X X H L
L L L X X X L L
L L H X X X L H
L H X L X X L L
L H X H X X L H
H L X X L X L L
H L X X H X L H
H H X X X L L L
H H X X X H L H

Select inputs S1 and SO are common to both sections.

H = High level

L = Low level

X = Don’t care
Z = High impedance

File Number 1966

143




Technical Data

CD54/74AC153
CD54/74ACT153

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VCC) « e vttt et ettt ettt et et e e et ettt e e et e naas -05t06V
DC INPUT DIODE CURRENT, Ik (for Vi<-05VorVi>Vec + 05 V) ..o +20 mA
DC OUTPUT DIODE CURRENT, ok (for Vo <-05VorVo>Vec+05V) ..o, e +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-05VorVo<Vec +05V) ........... e +50 mA
DC Vec or GROUND CURRENT (lcc OF IGND) v v vt vvvveeeeeeneiiienieenn e e +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):

FOr Ta=-5510 +100°C (PACKAGE TYPE B) ...ttt i e i i aaaeans 500 mW

For Ta = 1100 to +125°C (PACKAGE TYPE E) Derate Linearly at 8 mW/°C to 300 mW

FOr Ta=-5510 +70°C (PACKAGE TYPE M) ..ttt ittt ittt it i et i s 400 mW

For Ta = +70 to +125°C (PACKAGE TYPE M) " Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA) + . vt utvetenneat et aitaataateoteatannreeeaeennnaaesns -55to +125°C
STORAGE TEMPERATURE (Tstg) « e v evvevnutnuennttineeneaataaeaeeatatenneataseneennasanneans -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10 s maximum ......... ... ... .oiiiiiiiininns +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............... +300°C

*For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

LIMITS
I . UNITS
CHARACTERIST C‘ VN MAX.
Supply-Voltage Range, Vcc™:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 y
ACT Types 45 5.5
DC Input or Output Voltage, Vi, Vo ) 0 Vee \'
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3V (AC Types) 0 50 ns/V
at 3.6 V to 5.5 V (AC Types) 0 20 ns/V
at 4.5V to 5.5V (ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.

E—Y P8 vee
s1—3 15 _ 3¢
13— 14 so
11— LEEEPT
119 —3 12_ o,
"o—e‘ AL 21
1w —4 ALENPYN
ano —8 19 oy
92Cs- 39825
TERMINAL ASSIGNMENT
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Technical Data
CD54/74AC153
CD54/74ACT153

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Vee +25 ~40to +85 S5t H125 it
v, I v)
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
v) (ma) N
High-Level Input 1.5 1.2 — 1.2 — 1.2 —_
Voltage Viu 3 | 21 — 21 Z 2.1 — v
; 55 | 385 — 3.85 — 3.85 —
Low-Level Input 1.5 — 03 - 0.3 — 0.3
Voltage Vi 3 — [ o9 [ — [ o9 | — | o9 v
55 — 1.65 — 1:65 - 1.65
High-Level Output -0.05 1.5 14 - 14 — 14 —
Voltage Vou | vy 0.05 3 [ 29 | — [ 29 | = [ 29 | =
or -0.05 45 44 — 4.4 — 4.4 —
Vi -4 3 2.58 - 2.48 —_ 24 — \
-24 4.5 3.94 —_ 3.8 —_ 3.7 -
4 * -75 55 | — — | 38 | — — —
-50 55 —_ - - — 3.85 —
Low-Level Output 0.05 15 — 0.1 — 0.1 — 0.1
Voltage Vou [ v 0.05 3 | — | o1 — | o1 — | o1
or 0.05 45 — 0.1 — 0.1 — 0.1
Vi 12 3 — 0.36 — 0.44 — 0.5 v
24 4.5 —_ 0.36 — 0.44 — 0.5
8 * 75 55 | — — — | 165 | — —
50 55 — — — — - 1.65
Input Leakage . Vee :
Current l or 55 — +0.1 — +1 — +1 LA
GND
Quiescent Supply Vee
Current, MSI lee or 0 55 — 8 — 80 — 160 LA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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CD54/74AC153
CD54/74ACT153

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Vee *25 -4010 +85 55104125 | ynivs
V)
v, o | ¢
A MIN. . | MIN. | MAX. IN. | MAX.
) (mA) MAX I MIN AX
High-Level Input 45
Voltage Vin to 2 — 2 — 2 — v
55
Low-Level Input 45
Voltage Vi to — 0.8 — 08 — 0.8 v
55
High-Level Output Vin -0.05 4.5 4.4 — 44 — 44 —
Voltage Vou | O |24 |45 |3% | — | 38 | — |37 | — |
u > -75 55 | — — | 38 | — — -
~50 55 —_ — — — 3.85 .
Low-Level Output Vin 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Vo | g7 24 45 | — |03 | — [04 | — | 05 v
4 * 75 55 | — — — 165 | — —
50 5.5 — -_ — — —_ 1.65
Input Leakage Vee
Current h or 55 —_ +0.1 — +1 — +1 pA
GND
Quiescent Supply Vee
Current, MSI lec or (1] 5.5 — 8 - 80 — 160 MA
GND
Additional Quiescent Supply 45
Current per Input Pin i _ — -
TTL Inputs High Al | Vo2 ;‘g 24 28 3 mA
1 Unit Load -

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE
INPUT UNIT LOADS*
S0, S1, nlo, nly 1
nE 0.47

*Unit load is Alcc limit specified in Static Characteristics
Chart, e.g., 2.4 mA max. @ 25°C.
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CD54/74AC153

SWITCHING CHARACTERISTICS: AC Series; t,, t, = 3 ns, C_ = 50 pF
v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (“;f -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: 1 15 — 227 — 250
S0,S1,to Y bl 3.3 7.2 255 7 28 ns
PHL 5t 5.2 18.2 5 20
nitoY % 15 — 151 — 166
;’"” 33 48 16.9 47 18.6 ns
Prt 5 34 121 33 133
nEtoY t 15 — 134 — 148
N 33 43 15 41 16.5 ns
, PHL 5 3.1 10.7 3 11.8
Power Dissipation Capacitance Ceo§ — 93 Typ. 93 Typ. pF
Input Capacitance Ci - — 10 — 10 pF
*33V: min.is@36V §Cro is used to determine the dynamic power consumption, per multiplexer.
max.is @3V Po = Vcc® fi (Cro + Cu) where 1, = input frequency
15V: min.is@55V C.= = output lo:«:d capacitance
max. is @ 4.5 V Vce = supply voltage.

SWITCHING CHARACTERISTICS: ACT Series; t, t, = 3 ns, C_ = 50 pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (“;;’ -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: 4
S0,S1,to Y PLH 5t 57 20 55 22 ns
tene
nitoY toun 5 46 16.4 45 18 ns
teuL
nEtoY toun 5 32 15 3.2 12,6 ns
tene
Power Dissipation Capacitance Ceo§ — 93 Typ. 93 Typ. pF
Input Capacitance Ci —_ —_ 10 — 10 pF
t5V: min.is@55V §Cro is used to determine the dynamic power consumption, per multiplexer.
max.is@ 4.5V Po = Vo’ fi (Cro + Cu) + VecAlee where £ = input frequency

= output load capacitance
Vee = supply voltage.
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CD54/74AC153
CD54/74ACT153

tr=3ns

INPUT LEVEL

QUTPUT
DISABLE

OUTPUT: LOW ___Vs
TO OFF TO LOW

Vou (®Vce)

OUTPUT: HIGH 0.8Vce

TO OFF TO HIGH

OUTPUTS l OUTPUTS

OUTPUTS
ENABLED " DISABLED ™ ENABLED
o—(Q GND (1pHZ, tpZH)
0—Q OPEN (tpPHL. tPLH)
OTHER o 2Vcc (teez, tezL),

INPUTS lO— puT 5‘:‘0‘.0' (OPEN DRAIN)

(TIED HIGH ) O—— WITH
OR LOW) l 3-STATE ouT
o ouTPUT
500 Q°
OUTPUT
DISABLE
= 92CM-42405

*FOR AC SERIES ONLY: WHEN Ve = 1.5V, R = 1k

Fig. 1 - Three-state propagation delay waveforms and test circuit.

tr= 3 ns—my a1t =3 N8 OUTPUT
£ \ f———- (Y guepp——— 90%
_____________ Vs
1ORS e 10% ouT
CL =
OuTPUT Iso pF
I N vs LOAD L
QUTPUT Y *FOR AC SERIES ONLY: WHEN
Vee =15V, RL =1k
tPLH tPHL

92C5-42612

Fig. 2 - Propagation delay times and test circuit.

92¢5-42389

CD54/74AC |CD54/74ACT
Input Level Vee 3V
Input Switching Voltage, Vs 0.5 Vec 15V
Output Switching Voltage, Vs 0.5 Vec 0.5 Vee

148




Technical Data

CD54/74AC157, CD54/74AC158
CD54/74ACT157, CD54/74ACT158

AC/ACT AC/ACT

157 158

~ w~ Quad 2-Input Multiplexers

AC/ACT157 - Non-Inverting
2v 5v AC/ACT158 - Inverting
3 ¥ Type Features:
_ m Buffered inputs
—— 4y ay » Typical propagation delay (AC/ACT158):
38ns@Vec=5V, Ta=25°C, CL = 50 pF
92C8-42383

FUNCTIONAL DIAGRAM

The RCA CD54/74AC157, -158 and CD54/74ACT157, -158
quad 2-input muitiplexers use the RCA ADVANCED CMOS
technology. Both circuits can select 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, ali of
the outputs of the 158 are forced HIGH and in the 157, all of
the outputs are forced LOW, regardless of all other input
conditions.

The CD74AC/ACT157 and CD74AC/ACT 158 are supplied in
16-lead dual-in-line plastic packages (E suffix) and in 16-
lead dual-in-line small-outline plastic packages (M suffix).
Both package types are operable over the following temp-
erature ranges: Commercial (0 to 70°C); Industrial (-40 to
+85°C); and Extended Industrial/Military (-55 to +125°C).

The CD54AC157, -158 and CD54ACT 157, -158, available in
chip form (H suffix), are operable over the -55 to +125°C
temperature range.

TRUTH TABLE
Select Data Output
Enable Input Inputs 157 158
E S lo h Y Y
H X X X L H
L L L X L H
L L H X H L
L H X L L H
L H X H H L
H = High level, L =Low level, X =Don't care

Family Features:
m Exceeds 2-kV ESD Protecnon MIL-STD-883,
Method 3015
u SCR-Latchup-resistant CMOS process and circuit design
= Speed of bipolar FAST®/AS/S with significantly
reduced power consumption
m Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply.
a + 24-mA output drive current
- Fanout to 15 FAST® ICs
- Drives 50-ohm transmission lines

®FAST is a Registered Trademark of Fairchild Semiconductor Corp.’

s N e 1 vee © s =4 —\/ 16
'Io—z‘ |15 110 —2 [ i5

iy = 4 arg - i -2 ALY
v = Rt TERPPS
210 = H2 4y 210 —H 12 iy
21, - L 31 2x, —& L ax,
2y 10 5r, v - HO a1,
onD —2 [ o 3y gnp =2 L2 59

92Cs-42384 92Cs-42385
CDS54/74AC/ACT157 CDS54/74AC/ACT158

File Number 1910

149

Vee
3
4T



Technical Data

CD54/74AC157, CD54/74AC158
CD54/74ACT157, CD54/74ACT158

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VEC) + v v e vt tteeneeteattane et tin e enas ettt saseasaaneaneeaaeinaaseeananennss -05to6V
DC INPUT DIODE CURRENT, Ik (for Vi< -05V orVi>Vec+05V) .o +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-0.5VorVo>Vec +05V) ... +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo > —0 5V orVo<Vec+05 V) .............. +50 mA
DC Vee of GROUND CURRENT (Jog OF IGND) + + v e v e e e e e tetee ittt ee et e ea e e iaataeneoenaeneas +100 mA*
POWER DISSIPATION PER PACKAGE (Po):

FOr Ta=-5510 +100°C (PACKAGE TYPE E) ... ..iiiiiiiiii ettt i aaean e aaeeaaas e 500 mW

For Ta=+1001t0 +125°C (PACKAGE TYPEE) ........cciviiiiiiiiiiiaeanans Derate Linearly at 8 mW/°C to 300 mW

FOr Ta=-5510 +70°C (PACKAGE TYPE M) ...ttt it i ettt i e enes 400 mW

For Ta=+7010 +125°C (PACKAGE TYPEM) ... ...ttt Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA) v\ tvtnttintie ittt ia i neeaeans -55 to +125°C
STORAGE TEMPERATURE (Tstg) « -« v e vt ueneinenenanaenentatanetntenetatanetataeeneteaennaannns -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 = 1/32 in. (1.59 % 0.79 mm) from case for 10 s maximum ............ ... +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.53 mm) with solder contacting lead tipsonly ............. +300°C

* For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that.operation is always within the
following ranges:

CHARACTERISTIC LIMITS UNITS
MIN. MAX.
Supply-Voltage Range, Vcc':
(For Ta = Full Package-Temperature Range)
AC Types : 15 55 Vv
ACT Types 45 55 \
DC Input or Output Voltage, Vi, Vo ’ 0 Vee v
Operating Temperature, Ta - -55 +125 | °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5 V to 3 V(AC Types) 0 50 ns/V
at 3.6 V to 5.5 V(AC Types) 0 20 ns/V
at4.5V to 5.5 V(ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.
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; Technical Data
CD54/74AC157, CD54/74AC158
CD54/74ACT157, CD54/74ACT158

STATIC ELECTRICAL CHARACTERISTICS: AC Series .

. AMBIENT TEMPERATURE (T,) - °C
‘ TEST CONDITIONS ‘ ;
CHARACTERISTICS Veo b 4010 +85 5504125 | \irs
v, I V)
y ; MIN. | MAX. { MIN. | MAX. | MIN. | MAX.
(V) (mA) :
High-Level Input 15 1.2 — 1.2 — 1.2 —
Voltage Vi 3 | 21 — 1 21 — | 21 — v
55 3.85 - 3.85 _ 3.85 —_
Low-Level Input 1.5 — 0.3 - 0.3 — 0.3
Voltage Vi 3 —- 0.9 - 0.9 —_ 0.9 Vv
55 | — 1.65 — 165 — 165 -
High-Level Output : -0.05 1.5 14 C— 1.4 — | 14 —
Voltage Vou |y, 005 | 3 | 29 | — | 280 | — | 290 | —
or -0.05 45 44 — 44 — 44 —
Vi -4 3 2.58 - 248 - 24 - Vv
-24 45 3.94 — 3.8 —_ 3.7 —_
§ * { -75 55 — — 3.85 — — —
-50 5.5 — —_ — -_ 3.85 -
Low Level Output 0.05 15 — 0.1 — 0.1 — 0.1
Voltage Vo | v, 0.05 3 — 0.1 — 0.1 — 01°
or 0.05 45 — 0.1 — 0.1 — 0.1
Vi 12 3 —_ 0.36 —_ 0.44 — | 05 \
24 4.5 — 0.36 —_ 044 — 0.5
- { 75 55 | — - — 165 | — —
50 5.5 — — — — — 1.65
Input Leakage Vee
Current h or 55 — +0.1 - +1 — +1 uA
L GND : . . .
Quiescent Supply Vee ’
Current, MSI lec or 1} 5.5 — 8 — 80 — 160 LA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation. .
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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CD54/74AC157, CD54/74AC158
CD54/74ACT157, CD54/74ACT158

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C

TEST CONDITIONS
CHARACTERISTICS Vee +25 -40 10 +85 S50 4125 | yNits
V) :
v, o |
) (mA) , MIN. [ MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input 45
Voltage Vin to 2 — 2 — 2 — \
55
Low-Level input 45
Voltage \' to — 08 — 0.8 —_ 08 v
55
High-Level Output Vi -0.05 45 44 — 44 — 4.4 —
Voltage Vou | g1 24 |45 | 394 | — | 38 | — [ 37 | — v
4 { -75 5.5 — — 3.85 — — —
-50 55 — — — — 3.85 —
Low-Level Output Vin 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Vo | v 24 |45 | — |©036 | — |04 | — [05 |
4 * { 75 55 | — — — 1.65 — -
50 55 — — — — —_ 1.65
Input Leakage Vee '
Current Iy or 55 - +0.1 — +1 — +1 uA
GND
Quiescent Supply Vee
Current, MSI lec or 0 55 . 8 — 80 — 160 MA
GND
Additional Quiescent Supply 45
Current per Input Pin . ; _ _ _
TTL Inputs High Al | Ve o 24 28 3 mA
1 Unit Load 5.

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

* Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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ACT INPUT LOADING TABLE

UNIT LOAD*
INPUT 157 158
1 (Al 0.37 0.37
E 0.83 0.83
S 1.33 1.33

*Unit load is Alce limit specified in Static
Characteristics Chart, e.g., 2.4 mA max. @ 25°C.




Technical Data

CD54/74AC157, CD54/74AC158
CD54/74ACT157, CD54/74ACT158

SWITCHING CHARACTERISTICS: AC Series; t, t, = 3 ns, C_= 50 pF

v AMBIENT TEMPERATURE (T,) - °C
‘CHARACTERISTICS SYMBOL (\gf -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: 1.5 — 97 -— 106
teen Y
Data to Output (157) tor 351 gg 1 7078 231 18159 ns
Enable to Output 1.5 - 154 — 169
(157) teun 33 51 17.2 4.7 18.9 ns
tenL 5 3.6 12.3 3.4 135
Select to Output 15 — 164 — 180
(157) | ‘e 33 54 185 5.1 203 ns
terL 5 3.8 13.2 3.6 145
Data to Output 15 — 91 — 100
(158) | ‘tewn 33 3 12.8 28 1.2 ns
tere 5 2.2 7.3 2 8
Enable to Output 15 — 135 — 149
(158) teun 33 45 15.2 4.2 16.7 ns
tonL 5 3.2 10.8 3 11.9
Select to Output 15 — 147 — 161
(158) ten 3.3 49 16.5 45 18.1 ns
terL 5 3.5 1.7 3.2 129
Power Dissipation Capacitance  (157) Cro§ _ 156 Typ. 156 Typ. E
(158) PO 149 Typ. 149 Typ. P
Input Capacitance Ci — — [ 10 — | 10 pF
SWITCHING CHARACTERISTIS: ACT Series; t, t, = 3 ns, C_= 50 pF
v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (“;f -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: ton
Data to Output (157) tone 5t 25 8.6 24 9.5 ns
Enable to Qutput
(157) ::: 5 36 12.3 34 135 ns
Select to Output
(157) i::: 5 38 13.2 36 145 ns
Data to Output
(158) ::: 5 24 8.4 23 9.2 ns
Enable to Output
(158) :::': 5 33 1.3 3.1 12.4 ns
Select to Output
(158) :::': 5 36 12.3 34 135 ns
Power Dissipation Capacitance (157) Cro§ _ 156 Typ. 156 Typ. F
(158) PO 149 Typ. 149 Typ. p
Input Capacitance G - — 10 — 10 pF

*33V:min.is@36V
max.is@3V

min.is@5.5V
max.is@45V

15 V:

§Cpo is used to determine the dynamic power consumption, per function.

For AC Series, Po = CeoVee” fi + X(Cu Vee® fo)

For ACT Series, Po = CeoVec® fi + X(Cu Vec® fo) + Vec A lec
where f; = input frequency

fo = output frequency

C. = output load capacitance

Vee = supply voltage.
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CD54/74AC157, CD54/74AC158

CD54/74ACT157, CD54/74ACT158

t

~— INPUT LEVEL

GND

AC/ACT1S8 Y

tPLH tPHL
AC/ACT1S7 Y vs

92C5-42383

t

INPUT LEVEL

GND

PHL tLH
AC/ACTIST ¥ vs

92CS-42386

CD54/74AC |CD54/74ACT
Input Level Vee 3V
. Input Switching Voltage, Vs 0.5 Vec 15V
Output Switching Voltage, Vs 0.5 Vee 0.5 Vee

Fig. 3 - Inputs or select to output propagation delays.

Fig. 4 - Enable to output propagation delays.
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Advance Information

CD54/74AC161, CD54/74AC163
CD54/74ACT161, CD54/74ACT163

Synchronous Presettable Binary Counters

CD54/74AC/ACT 163 - Synchronous Reset

PO P1 P2 P3
3] 4| 5 6
e 2 LI CDS54/74AC/ACT 161 - Asynchronous Reset
2 13
cp —— Q1
MR -—-1— [‘__2. Q2
PE — LS
TE i. A TC
%:g . 1: Type Features:
92¢5-37958 Ri s Buffered inputs
m Typical propagation delay:
FUNCTIONAL DIAGRAM Vb Y

The RCA CDS54/74AC161 and CD54/74AC163 and the
CD54/74ACT161 and CD54/74ACT 163 synchronous preset-
table binary counters use the RCA ADVANCED CMOS
technology. The CD54/74AC/ACT161 are asynchronously
reset, the CD54/74AC/ACT163 devices are reset synchro-
nously with the clock. Counting and parallel presetting are
both accomplished synchronously with the negative-to-
positive transition of the clock.

A _LOW level on the Synchronous Parallel Enable input,
SPE, disables the counting operation and allows data at the
PO to P3 inputs to be loaded into the counter (provided that
the setup and hold requirements for SPE are met).

The counters are reset with a LOW level on the Master Reset
input, MR. in the CD54/74AC/ACT163 counter (synchronous
reset), the requirements for setup and hold time with respect
to the clock must be met.

Two count enables, PE and TE, in each counter are pro-
vided for n-bit cascading. Reset action occurs regardless of
the level of the SPE, PE, and TE inputs (and the clock input,
CP, in the CD54/74AC/ACT161).

The look-ahead carry feature simplifies serial cascading of
the counters. Both count enable inputs (PE and TE) must
be HIGH to count. The TE input is gated with the Q outputs
of all four stages so that at the maximum count, the terminal
count (TC) output goes HIGH for one clock period. This TC
pulse is used to enable the next cascaded stage.

The CD74AC/ACT161 and CD74AC/ACT 163 are supplied in
16-lead dual-in-line plastic packages (E suffix) and in 16-
lead dual-in-tine small-outline plastic packages (M suffix).
Both package types are operable over the following tempera-
ture ranges. Commercial (0 to 70°C); Industrial (-40 to
+85°C); and Extended Industrial/Military (-55 to +125°C).

The CD54AC/ACT161 and CD54AC/ACT163, available in
chip form (H suffix), are operable over the -55 to +125°C
temperature range.

7.8ns @ Vec =5V, Ta = 25°C, Co = 50 pF

Family Features:
» Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
m SCR-Latchup-resistant CMOS process and circuit design
@ Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
m Balanced propagation delays
w AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
u + 24-mA output drive current
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines

“FAST is a Registered Trademark of Fairchild Semiconductor Corp.

WR - 6 vee
cp 2] 'S r¢
o L
p 4 13 a1
p2 2 P2 a2
p3 2 L as
pe - 12 1
ano -2 2 spe

92¢s-38816A1

TERMINAL ASSIGNMENT

File Number 1959
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Technical Data

CD54/74AC161, CD54/74AC163
CD54/74ACT161, CD54/74ACT163

MODE SELECT — FUNCTION TABLE (AC/ACT161)

OPERATING MODE __ INPUTS _ OUTPUTS
MR cpP PE TE SPE P, Q. TC
Reset (Clear) L X X X X X L L
Parallel Load H - X X I | L L
H 7 X X ] h H (a)
Count H - h h h X count (a)
Inhibit H X ] X h X Gn (a)
H X X ] h X Qn L

MODE SELECT — FUNCTION TABLE (AC/ACT163)

OPERATING MODE __ INPUTS _ OUTPUTS
MR cp PE TE SPE P, Q. TC
Reset (Clear) I - X X X X L L
Parallel Load h - X X | I L L
h - X X | h H (a)
Count h - h h h X count (a)
Inhibit h X ! X h X Go (a)
h X X [ h X Gn L

H = HIGH voltage level steady state.
L = LOW voltage level steady state.
h = HIGH voltage level one setup time prior to the LOW-to-HIGH clock transition.
| = LOW voltage level one setup time prior to the LOW-to-HIGH clock transition.
X = Don’t care.
q = Lowercase letters indicate the state of the referenced output prior to the LOW-to-HIGH clock transition.

—/" = LOW-to-HIGH clock transition.

NOTE:
(a) The TC output is HIGH when TE is HIGH and the counter is at Terminal Count (HHHH).

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE (VCC) «+ vt ettt e ittt et eeae ettt ateetanae e eaineeninrenanans e

DC INPUT DIODE CURRENT, Ik (forVi<-05VorVi>Vec+05V) . i iiiiii s +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-0.5 V or Vo > Vec + 0.5 V) e
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo> -05VorVo<Vec +05V) .............. +50 mA
DC Vec or GROUND CURRENT (Ioc OF IGND) « v v« v e e teeeeeeeteeat et eaeeaee e i i ieeae et enaeanennenas +100 mA*
POWER DISSIPATION PER PACKAGE (Po):
For Ta = -5510 +100°C (PACKAGE TYPEE) .....ccoviiiiniiiniinnnnennnns ke esesasieee et anes 500 mwW
For Ta=+100t0 +125°C (PACKAGE TYPEE) .....cvvuiurireiniinniaeennnnnnn Derate Linearly at 8 mW/°C to 300 mW
For Ta=-551t0 +70°C (PACKAGE TYPE M) ... ...ttt s 400 mW
For Ta = +70to +125°C (PACKAGE TYPEM) ......c.coiiiiiiinnninnn, Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA) ..uttiueineitiitiriitnttsneieeiitiaraseaneonsenneanses -55t0 +125°C
STORAGE TEMPERATURE (Tstg) « - e« e v eeeevenaneenenaneneaneusesenesteanenesnenenontsoearnassenennns -65to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 £ 1/32 in. (1.59 £+ 0.79 mm) from case for 10 s maximum ..........couiiiinriiiineriireennnnn +265°C
Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

*For up to 4 outputs per device; add 3 25 mA for each additional output.
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Technical Data

CD54/74AC161, CD54/74AC163
CD54/74ACT161, CD54/ 74ACT163
RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, normal operating condmons should be selected so that operation is always within the
following ranges:

LIMITS
HARACTERISTI UNITS
¢ smc MIN. MAX.
Supply-Voltage Range, Vcc*:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 \
ACT Types 45 55 \
DC Input or Output Voltage, Vi, Vo 0 Vee \
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3V (AC Types) 0 50 ns/V
at3.6 Vto 55V (AC Types) 0 20 ns/V
at4.5Vto 55V (ACT Types) 0 10 ns/V
“Unless otherwise specified, all voltages are referenced to ground.
STATIC ELECTRICAL CHARACTERISTICS: AC Series
AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Vee *25 -40to +85 5104125 iy
v)
M o ( MIN. MAX MIN MAX MIN MAX
) (mA) , X . B . 3 .
High-Level Input 15 1.2 . 1.2 — 1.2 —
Voltage \ 3 2.1 — 21 —_ 2.1 - |V
) - 55 3.85 — 3.85 — 3.85 —
Low-Level Input 15 — 03 — 0.3 — 0.3
Voltage Vi 3 — 09 — 09 — 09 v
] : 5.5 — 1.65 — 1.65 — 1.65
High-Level Output -0.05 1.5 1.4 — 14 — 14 —
Voltage Vou |y, 0.05 3 | 29 | — 29 — 29 —
or -0.05 45 | 44 = 44 — 44 —
Vi -4 3 | 258 | — | 248 | — | 24 | — %
-24 45 3.94 — 38 — 3.7 —
u -75 55 | — — 3.85 — — —
-50 55 — — — — 3.85 —
Low-Level Output 0.05 1.5 — 0.1 — 0.1 — 0.1
Voltage Vou | v 0.05 3 | — | o1 — | oa — o1
or 0.05 45 — 0.1 — 0.1 - 0.1 .
Vi 12 3 — 0.36 — 0.44 — 05 v
24 45 — 0.36 —. 0.44 — 0.5
8 > 75 556 | — - | - 165 | — —
50 55 — — — — — 1.65
Input Leakage Vee
Current L or 55 — +0.1 — 1 — +1 HA
GND
Quiescent Supply Vee
Current, MSI lee or 0 55 — 8 — 80 — 160 LA
| * GND .

#Test one output at a time for a 1-second maximum duration. Measurement-is made by forcing current and measurmg voltage to minimize
power d|ssnpanon
Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at+125°C.




Technical Data

CD54/74AC161, CD54/74AC163
CD54/74ACT161, CD54/74ACT163

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) -°C

TEST CONDITIONS
CHARACTERISTICS Vee +25 -40 to +85 -55 to +125 UNITS
v’ |° (v)
MIN. | MAX. [ MIN. | MAX. | MIN. | MAX.
V) (mA)
High-Level Input 45
Voltage Viu to 2 — 2 — 2 — Vv
5.5
Low-(.evel Input 45
Voltage Vi to — 08 — 0.8 — 0.8 \
55
High-Level Output Viu -0.05 4.5 44 — 44 — 44 —
or
Voltage Vou | o 24 |45 | 394 | — [ 38 | — |37 [ —
\'
4 * -75 55 — — 3.85 — — —
-50 5.5 — — — — 3.85 —
Low-Level Output Vin 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Vou or
Vi 24 45 — 0.36 — 0.44 — 0.5 v
4 * 75 55 — — — 1.65 — —
' 50 55 — — - — — 1.65
Input Leakage Vee
Current h or 55 — +0.1 — +1 —_ +1 pA
GND
Quiescent Supply Vee .
Current, MSI lec or 0 55 — 8 — 80 — 160 uA
GND
Additional Quiescent Supply 45
Current per Input Pin y ) _ _ _ A
TTL Inputs High Alcc Vec21 st% 24 28 8 m
1 Unit Load i

#Test one output at a time for a 1-second maximum duration, Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at+125°C.
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ACT INPUT LOADING TABLE

INPUT UNIT LOAD*
Pn 0.13
cP 1

MR, TE 0.83
SPE 0.67
PE 05

*Unit load is Alcc limit specified in Static -
Characteristics Chart, e.g., 24 mA max. @ 25°C.




Technical Data

" CD54/74AC161, CD54/74AC163
CD54/74ACT161, CD54/74ACT163

PREREQUISITE FOR SWITCHING: AC Series

: v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (\‘,’;’ -40 to +85 -55to +125 UNITS
’ MIN. MAX. MIN. MAX.
Max. CP fmax 15 8 — 7 - .
Frequency - - 3.3* 73 — 64 —_ MHz
) 5t 103 — 90 — ’
CP Pulse 15 61 — 69 —
Width tw 3.3 6.8 — 7.7 — ns
SPE HIGH (Count) 5 48 — 5.5 —
15 61 — 69 -
SPE LOW (Load) tw 33 68 - — 7.7 — ns
5 48 — 55 —
‘MR Pulse 15 55 — 63 —
Width (161) tw 33 6.1 — 7 — ns
' 5 4.4 — 5 —
Setup Time 15 55 — 63 -
Pnto CP tsu 33 6.1 - 7 — ns
5 44 —_ 5 —_
) . 15 55 — 63 — )
PE or TEto CP : tsu 33 6.1 — 7 — ns
- 5 44 — 5 —
SPE or MR to CP ) 15 66 — 75 —
(163) tsu 33 7.4 — 8.4 - ns
- 5 53 — -6 —
Hold Time 15 0 — 0 —
Pn to CP tw 33 0 — 0 — ns
5 0 — (] —
. 1.5 0 — 0 -
PEor TEto CP th 33 0 —_ 0 - ns
5 0 — 0 —-
SPE or MR to CP 15 ] - 0 -
(163) tu 3.3 0 — 0 — ns
5 0 — 0 —
Recovery Time 15 66 — 75 —
MR to CP trec 33 74 — 8.4 — ns
(161) 5 5.3 — 6 —

*33V:min.is@3V
SV:minis@45V
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CD54/74AC161, CD54/74AC163

CD54/74ACT161, CD54/74ACT163

SWITCHING CHARACTERISTICS: AC Series; t, ti = 3 ns, C._ = 50 pF

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘('5‘)’ : -40 1o +85 :55to +125 UNITS
. MIN. MAX. MIN. MAX.

Propagation Delays: ten 1.5 - 188 — 207
CPto Qn terL 3.3* 5.9 21 58 23.1 ns

(SPE HIGH) 5t 42 15 4.1 16.5

CP to Qn tein 1.5 —_ 188 —_ 207
(SPE LOW) tere 33 59 21 5.8 23.1 ns

5 42 15 41 16.5

CPtoTC trn 1.5 —_ 190 — 209
terL 33 6 21 59 234 ns

5 43 15.2 4.2 16.7
terL 33 3.7 13.1 36 14.4 ns

5 27 9.4 2.6 10.3

MR to Qn ten 1.5 — 188 — 207
(161) tene 33 59 21 58 23.1 ns

5 42 15 41 16.5

MRto TC teun 15 — 188 -_ 207
(161) tenL 33 59 21 5.8 23.1 ns

5 4.2 15 4.1 16.5
Power Dissipation Capacitance Ceo8 - 66 Typ. 66 Typ. pF
Input Capacitance C — — 10 — 10 pF

*3.3V:min.is@3.6V
max.is@3V
15V:min.is@55V
max.is@45V

§Cro is used to determine the dynamic power consumption; per flip-flop.

Po = CroVec® fi + Z (CLVec fo) where
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fi = input frequency

fo = output frequency
C. = output load capacitance

Vec = supply voltage.
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CD54/74AC161, CD54/74AC163
CD54/74ACT161, CD54/74ACT163

PREREQUISITE FOR SWITCHING: ACT Series

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘(’\';‘)c 401085 55 10 +125 UNITS
MIN. MAX. MIN. MAX,
Max. CP Frequency frnax 5* 91 — 80 — MHz
CP Pulse Width ' '
SPE HIGH (Count) tw 5 54 — 6.2 — ns
SPE LOW (Load) tw 5 5.4 — 62 | — ns
‘MR Pulse Width (161) tw 5 5.3 — 6 - ns
Setup Time
Pnto CP 5 4.4 — 5 —
PE or TE to CP tsu 5 53 — 6 - ns
SPE or MR to CP (163) 5 6.6 - 75 —
Hold Time
Pn to CP 5 0 — 0 —
PE or TE to CP W 5 0 - [ — ns
SPE or MR to CP (163) 5 0 — o | -
Recovery Time ’ ’ 1
MR to CP (161) trec 5 53 - 6 — ns

*5Vimin.is@45V

SWITCHING CHARACTERISTICS: ACT Series; 1, t; = 3 ns, C. = 50 pF

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘("‘;;’ -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.

Propagation Delays: :

CPtoQn 5* 4.2 15 41 16.5 ns

(SPE HIGH) ‘ )

CPtoQn 5 4.2 15 a1 16.5 ns

(SPE LOW) . tow

CPto TC ter 5 4.3 15.2 42 16.7 ns

TEtoTC 5 2.8 9.8 2.7 10.8 ns

‘MR to Qn (161) 5 42 15 4.1 16.5 ns

MRto TC (161) 5 4.2 15 4.1 16.5 ns
Power Dissipation Capacitance Cen§ — 66 Typ. 66 Typ. pF
Input Capacitance Ci — — l 10 — [ 10 pF

*5V:min.is@55V
max.is@4.5V

§Cro is used to determine the dynamic power consumption, per flip-flop.
Po = CroVec” fi + X (CLVee” fo) + VocAlee where f, = input frequency
fo = output frequency
‘CL = output load capacitance
Vec = supply voltage.
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Technical Data

CD54/74AC161, CD54/74AC163

CD54/74ACT161, CD54/74ACT163

- INPUT LEVEL
_ INPUT LEVEL
— GND MR . .
- — GND
ANY
ouTPUT
R INPUT LEVEL
cp Vs
92cs-37964 —— GND
92CS-37967
_ INPUT LEVEL
TE —INPUT LEVEL R
— GND
'su
TCc — INPUT LEVEL
cp
GND
92CS-37968RI
92Cs-37965
VALID [
INPUT
INPUTS LEVEL
PO, PI vs
P2, p3 GND
gy~ th — INPUT LEVEL
INPUT 1'5
SPE " LEVEL o GND
— GND — INPUT LEVEL
Sy—e-te-ty trec cp
INPUT GND
LEVEL
cP Vs . 92CS-37369R1
Y — N0
92¢S ~37966R2
OUTPUT
O

CL =
QUTPUT T 50 pF
LOAD :L °
*FOR AC SERIES ONLY: WHEN
Vecc=15V,RL=1k0

92CS - 42389

CD54/74AC

) CD54/74ACT
Input Level Vee 3v
Input Switching Voltage, Vs 0.5 Vee 15V
Output Switching Voltage, Vs 0.5 Vec 0.5 Vee

Fig. 1 - Propagation delay times, setup, hold, and recovery times, and test circuit.
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CD54/74AC161, CD54/74AC163
CD54/74ACT161, CD54/74ACT163

Sequence illustrated in wavetorms

1. Reset outputs to zero.

2. Preset to binary twelve.

3. Count to thirteen, fourteen, fifteen, zero, one, and two.
4

. Inhibit.
MASTER RESET (161) L] tasyncHrRONOUS)
|
MASTER RESET (163) L1 f{svnchronous)
3 1
SPE }
i
PO !
1
prReseT | P! |
DATA |

INPUTS | p2

ce (161) ||Illlllll'll'lllllllllll

cp (lss)mm
I
S N
COUNT
s{

1
ENABLE! TE ;! '
{— |
|
%0__ —-L—-L___I | U I S I VN
| ! | 1
a — 7
OUTPUTS ""'""I ™ :
02_ — -_‘_I ! L .
i }
|
03—_":_{ | 1 |
TC - | | 1 |
l T2 T
A , =LI‘ -
RESET PRESET COUNT INHIBIT
92CM-37962

Fig. 2 - Timing diagrams for the CD54/74AC/ACT 161 and 163.
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Technical Data

CD54/74AC164
CD54/74ACT164

DSt

ps2 —2

Type Features:
» Buffered inputs

— o 8
MR—’ Ve =14
cp GND=7

92CS-38499

Advance Information

8-Bit Serial-In/Parallel-Out
e as Shift Register

m Typical propagation delay:

Gns@ Vc(:=5V, TA:25°C, CL=50pF

FUNCTIONAL DIAGRAM

The RCA CD54/74AC164 and CD54/74ACT 164 8-bit serial-
in/parallel-out shift registers with asynchronous reset use
the RCA ADVANCED CMOS technology. Data is shifted on
the positive edge of the clock (CP). A LOW on the Master
Reset (MR) pin resets the shift register and all outputs go to
the LOW state regardless of the input conditions. Two Serial
Data inputs (DS1and DS2) are provided; either one can be
used as a Data Enable control.

The CD74AC164 and CD74ACT164 are supplied in 14-lead
dual-in-line plastic packages (E suffix) and in 14-lead dual-
in-line small-outline plastic packages (M suffix). Both pack-

age types are operable over the following temperature .

ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C);
and Extended Industrial/Military (-55 to +125°C).

The CD54AC164 and CD54ACT 164, available in chip form
(H suffix), are operable over the -55 to +125°C temperature
range.

Family Features:
s Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
a SCR-Latchup-resistant CMOS process and circuit design
m Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
m Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
m + 24-mA output drive current
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

MODE SELECT — TRUTH TABLE

OPERATING INPUTS OUTPUTS
MODE MR |CP |DSI DS2(Qo | Q1—Q7
 RESET (CLEAR) | L X| x x| L —L
B ST PO I Il L] g —as
SHIFT Hl=_| 1 h| L| d —as
H|—"| n | L| q —ase

H|l—"| h n]| H| g —as

H = HIGH voltage'level.

h = HIGH voltage level one setup time prior to the LOW-to

HIGH clock transition.

L = LOW voltage level.
| = LOW voltage level one setup time prior to the LOW-to-HIGH-

clock transition.

q = Lower case letters indicate the state of the reference input

(or output) one setup time prior to the LOW-to-HIGH clock
transition.

X = Don't care.
—/7 = LOW-to-HIGH clock transition.

File Number 1954
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Technical Data
CD54/74AC164
CD54/74ACT164

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VCC) + 1 ettt vetettnteee et e e e et e e et e ettt e e et e e et -05t06.0V
DC INPUT DIODE CURRENT, Ik (forVi<-05V orVi>Vec+05V) oot +20 mA
DC OUTPUT DIODE CURRENT, lox (for Vo <-0.5V OrVo > Vec +0.5V) Lot +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo > -05V orVo<Vec +05V) .....o........ +50 mA
DC Vcc of GROUND CURRENT (lo OF 1GND) «« + + + vt vetetee e e e et e e e e et e et et e et e e e +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):

FOr Ta=-5510 +100°C (PACKAGE TYPE E) ...ttt ittt e e e e e e e, 500 mwW

For Ta=+100t0 +125°C (PACKAGE TYPEE) .....vvviintiiieiiiaannnns Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +70°C (PACKAGE TYPE M) .. ..ottt e e e e e e e e 400 mW

For Ta=+701t0 +125°C (PACKAGE TYPEM) ........c.ciiiiiiriiiinnnanann.. Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta) . .tntniititttete ittt et e ... -55t0 +125°C
STORAGE TEMPERATURE (Tstg) -« -« e e tenenenetetettte et ete e et et et e et et -65to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 & 1/32in. (1.59 + 0.79 mm) from case for 10 S maximum ...............oovuenenenennnnnnan.. +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

*For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

CHARACTERISTIC LIMITS UNITS
MIN. MAX.
Supply-Voltage Range, Vcc*:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 v
ACT Types 45 5.5 v
DC Input or Output Voltage, V), Vo 0 Vee v
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3V (AC Types) 0 50 ns/V
at3.6 V1o 5.5V (AC Types) 0 20 ns/V
at4.5Vto 55V (ACT Types) E 0 10 ns/V

“Unless otherwise specified, all voltages are referenced to ground.

ps1 - 1 vee
sz 4 13 o7

a0 3 12 a6

a1 4 FL as

Q2 il »‘— Q4

a3 & 12 wr
ano 4 8 cp

92CS 36817
TERMINAL ASSIGNMENT
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Technical Data
CD54/74AC164
CD54/74ACT164

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS TEST CONDITIONS Ve 25 -401to +85 5104125 T
(‘\‘,') ("'&) M T un. | max. | min, | max. | MiN. | mMax,
High-Level Input 15 1.2 — 1.2 — 1.2 —
Voltage Vi 3 | 21 — 21 _ 21 _ v
55 | 385 — 3.85 — 3.85 —
Low-Level Input 15 —_ 03 — 0.3 — 0.3
Voltage Vie 3 — 0.9 — 0.9 - 0.9 v
55 — 1.65 — 1.65 — 1.65
High-Level Output -0.05 15 1.4 - 1.4 — 14 —
Voltage Vo !y, 005 | 3 |29 | — |20 | — [ 29 | —
or -0.05 45 | 44 — 44 — 44 —
Vi -4 3 2.58 — 2.48 — 2.4 — Y
-24 45 | 394 — 38 — 37 —
- l 75 |65 | — | — J3ss | — | — [ —
-50 55 — — — — 3.85 —
Low Level Output 0.05 1.5 — 0.1 — 0.1 — 0.1
Voltage Voo |y, 0.05 3 — 0.1 — 0.1 — 01
or 0.05 45 — 0.1 — 0.1 — 0.1
Vi 12 3 — 0.36 — 0.44 — 0.5 v
24 45 — 0.36 — 0.44 — 05
- { 75 |55 — | — | — [ 1es | — | =
50 55 — — — — — 1.65
input Leakage Vee
Current h or 55 — +0.1 — +1 — +1 LA
GND
Quiescent Supply Vee
Current, MS| lec or 0 55 — 8 — 80 — 160 HA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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CD54/74AC164
CD54/74ACT164

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Vee 25 -4010 +85 55104125 | ynirs
V)
v, I ( "
IN. [ MAX. | MIN. | MAX. | MIN. | MAX.
v) (mA)
High-Level input 45
Voltage Vi to 2 — 2 — 2 — v
5.5
Low-Level Input 45
Voltage Vi to — 0.8 — 0.8 — 0.8 "
5.5
High-Level Output Viu -0.05 45 44 — 44 — 44 —
Voltage Vow | OF 24 |45 394 | — [38 [ — |37 | —
Vi - )
4 * { -75 55 | — — 38 | — — —
-50 55 — — — — 3.85 —
Low-Level Output Vin 0.05 45 — 0.1 —_ 0.1 — 0.1
Voltage Vou or
Vi 24 4.5 — 0.36 - 0.44 - 0.5 v
- 75 56 | — — — 1.65 — —
50 5.5 - —_ — —_ — 1.65
Input Leakage Vee
" Current I or 55 — 0.1 — +1 — +1 MA
GND
Quiescent Supply Ve
Current, MSI lec or 0 55 — 8 — 80 — 160 HA
GND
Additional Quiescent Supply 45
Current per Input Pin . | - _ _ -
TTL Inputs High Moo | Vo2 §° 24 28 3 mA
1 Unit Load 5

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring volitage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE
INPUT UNIT LOAD*
DS1, DS2 05
MR 0.74
cP 0.71

*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 2.4 mA max. @ 25°C.
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CD54/74AC164
CD54/74ACT164

PREREQUISITE FOR SWITCHING: AC Series

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS SYMBOL ‘(Iﬁf -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Maximum Clock 15 7 — 6 —
Frequency fmax 3.3 62 o 54 — MHz
5t 86 — 75 —
MR Pulse 15 49 — 56 —
Width tw 33 5.5 - 6.3 — ns
5 39 —_ 4.5 —
CP Pulse 15 73 — 84 —
Width tw 33 82 — 9.4 — ns
5 59 — 6.7 —
Setup Time 1.5 27 — 31 —
tsu 33 31 C— 35 — ns
5 2.2 — 25 —
Hold Time 15 27 — 31 —
th 33 31 — 35 — ns
5 2.2 — 2.5 —
MR to CP 15 1 — 1 -
Removal Time trem 33 1 — 1 — ns
5 1 — 1 —
*33Vimin.is@3V
t5V:min.is@45V
SWITCHING CHARACTERISTICS: AC Series; t. t; = 3 ns, CL = 50 pF
AMBIENT TEMPERATURE (T,) -°C .
CHARACTERISTICS SYMBOL Yg; -40 to +85 -55 to +125 ~ UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: to 1.5 — 143 — 157
CPtoQn o 33" 45 15.9 44 17.5 ns
P 5t 32 11.4 31 125
MR to Qn 4 15 — 158 — 174
o 33 5 17.7 49 195 ns
e 5 36 12,6 35 13.9
Power Dissipation Capacitance Ceo§ — 150 Typ. 150 Typ. pF
Input Capacitance C — — 10 — T 10 pF

*3.3V: min.is@36V
max.is@3V

t5V. min.is@55V
max.is @45V

§Cro is used to determine the dynamic power consumption, per device.
Po = CepVec® fi + X (CL Ve fo) where  fi = input frequency
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fo = output frequency
C. = output load capacitance
Vee = supply voltage.
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PREREQUISITE FOR SWITCHING: ACT Series

CD54/74AC164
CD54/74ACT164

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL | (s -40 10 +85 5510 +125 UNITS
MIN. MAX. MIN. MAX.
Maximum Clock Frequency frmax 5" 80 — 70 — MHz
MR Pulse Width tw 5 39 — 45 — ns
CP Pulse Width tw 5 6.2 — 71 — ns
Setup Time tsu 5 2.2 — 25 — ns
Hold Time th 5 26 - 3 - ns
Removal Time trem 5 .0 — 0 — ns
*Min.is@45V
SWITCHING CHARACTERISTICS: ACT Series; t, t = 3 ns, C_ = 50 pF :
‘ - AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL \("‘;f -40 to-+85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: f ’
CPto Qn teun 5" 3.8 13.5 3.7 149 ns
MR Qn terL 5 4.1 144 4 158
Power Dissipation Capacitance Ceot — 150 Typ. 150 Typ. - - pF -
Input Capacitance C — — I 10 — 10 pF

*5V:min.is@5.5V
max.is@4.5 V.

tCeo is used to determine the dynamic power consumption, per device.
Po = CeoVec® fi + X (CLVoc® fo) 4 Vec Alec, where f; = input frequency

fo = output frequency
C. = output load capacitance
Vec = supply voltage.

0s2(1) INPUT LEVEL INPUT LEVEL
MR
GND — GND
ANY
-— INPUT LEVEL ouTPUT
ce Vs
GND
INPUT LEVEL
92¢5-38397R1 cp Vs
— GND  g2¢s-37967RI
--—~INPUT LEVEL
os2(1 t-—/-- GND
tsuy
— INPUT LEVEL
ANY 0s1{2) g
ouTPUT _————— Vs —7 GND
' -
92¢s-42654 SUY —— INPUT LEVEL
Avs GND
ouUTPUT 92CS-38398
CD54/74AC |CD54/74ACT
CL =
OUTPUT I5o pF Input Level Vee 3v
LoAD L — V.
“FOR AC SERIES ONLY: WHEN Input Switching Voltage, Vs 0.5 Vcc 15V
Vee=15V,RL=1kQ Output Switching Voitage, Vs 0.5 Vee 0.5 Vee

92€5 - 42389

Fig. 1 - Propagation delay times, setup and hold times, removal times, and test circuit.
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Technical Data

CD54/74AC174
CD54/74ACT174

Hex D Flip-Flop with Reset

e ko
—R
pi—2 S o
p2—S 7 a2
o3 - 10 _ o3 Type Features:
13 12 @ Buffered inputs
04 B m Typical propagation delay:
sl ST s 6.4 ns @ Voo = 5V, Ta = 25°C, Co = 50 pF
w—Y W N | P
Vgc=16
92C85-38437
FUNCTIONAL DIAGRAM

The RCA CD54/74AC174 and CD54/74ACT174 are hex D
flip-flops with reset that use the RCA ADVANCED CMOS
technology. Information at the D input is transferred to the
Q output on the positive-going edge of the clock pulse. All
six flip-flops are controlled by a common clock (CP) and a
common reset (MR). Resetting is accomplished by a low
voltage level independent of the clock.

The CD74AC174 and CD74ACT174 are supplied in 16-
lead dual-in-line plastic packages (E suffix) and in 16-lead
dual-in-line small-outline plastic packages (M suffix). Both
package types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C);
and Extended Industrial/Military (-55 to +125°C).

The CD54AC174 and CD54ACT174, available in chip form
(H suffix), are operable over the -55 to +125°C temperature-
range.

Family Features:
m Exceeds 2-kV ESD Protection — MIL-STD-883,
Method 3015
w SCR-Latch-up-resistant CMOS process and circuit design
m Speed of bipolar FAST*/AS/S with s:gmflcantly
reduced power consumption
m Balanced Propagation delays
= AC types feature 1.5-V to 5.5-V operatlon and balanced
noise immunity at 30% of the supply.
| + 24 mA output drive current
- Fanout to 15 FAST" ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

UTH TABLE
(EACH FLIP-FLOP)
INPUTS OUTPUTS
RESET | CLOCK | DATA
— Qn
(MR) cP Dn
L X X
H - H H
H 7 L L
H L X Qo

H = High Level (Steady State)
L = Low Level (Steady State)

X = Irrelevant

—/ = Transition from Low to High level
Qo = Level before the Indicated Steady-State
Input conditions were established
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Technical Data

CD54/74AC174

CD54/74ACT174

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE (V0C) ++ vttt ettt et e e e et e e e e e -05t06V
DC INPUT DIODE CURRENT, ik (for Vi <-0.5V or Vi>Vec + 0.5 V) L.ttt +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo < =05V or Vo >Vec +0.5V) ooininiieee e e +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo > -05V or Vo <Vec +05V) .............. 150 mA
DC Ve or GROUND CURRENT (loc OF TGND) -+ v vt e tvetete ettt ettt et e e e e e e e e e e e e e e e +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):

For Ta=-5510 +100°C (PACKAGE TYPE E) .....uutiniiti ittt e e e e e e e, 500 mW

For Ta=+1001t0 +125°C (PACKAGE TYPEE) .......coiiiiiiniiiiiennnnnnn Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +70°C (PACKAGE TYPE M) .. ..iiinititiiii it e e e e 400 mW

For Ta=+701t0 +125°C (PACKAGE TYPEM) .......c.iviiiinininiainannnn.. Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA): .« \tttttetettie ettt e ettt aann -55 to +125°C
STORAGE TEMPERATURE (Tatg) -+« e uvvttetttetetete it et et et e et e e e e ianen, -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32 in. (1.59 + 0.79 mm) from case for 10 S Maximum ...........oororiurernnesrnrnnnnnn.. +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59-mm) with solder contacting lead tipsonly ............. +300°C

*For up to 4 outputs p_er device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges: :

CHARACTERISTICS LiMITS UNITS
MIN. MAX.
Supply-Voltage Range, Vec*:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 v
ACT Types 45 55 \"
DC Input or Output Voltage, V,, Vo 0 Vee Vv
Operating Temperature, Ta: -55 +125 °C
input Rise and Fall Slew Rate, dt/dv
at 1.5 Vto 3V (AC Types) [¢] 50 ns/V
at3.6 Vto 5.5V (AC Types) 0 20 ns/V
at 4.5V to 5.5 V(ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.

wAR -4 Lﬁ vee
a0 4 1S as
po -2 H2 os
o1 -4 2 os
a1 - 12 g4
02 & L b3
a2 4 He a3
anp 2 e
92Cs-36821
TOP VIEW
TERMINAL ASSIGNMENT
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Technical Data

CD54/74AC174
CD54/74ACT174

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS TEST CONDITIONS Ve *25 4010485 | 55104125 |,y
(“’,') (':‘f;\) M T win. [ max. | min. | max | min. | max.
High-Level Input ) 15 12 — 12 — 1.2 —
Voltage Vi 3 | 21 — 2.1 — 21 — v
55 | 385 | — | 385 | — | 385 | —
Low-Level input 15 — 0.3 — 0.3 — 0.3
Voltage Vic 3 — 0.9 — 0.9 — 0.9 v
56 | — | 165 | — | 165 | — | 165
‘High-Level Output -0.05 1.5 14 — 14 — 1.4 —
Voltage Vou | vy 0,05 3 | 29 — 29 — 29 —
or -0.05 4.5 4.4 — 4.4 — 4.4 —
Vu -4 3 | 258 | — | 248 | — 24 _ v
24 45 | 394 | — 38 | — 37 —
4 * { -75 55 | — — | 38 | — — —
-50 55 | — — — — | 385 | —
Low-Level Output ~ 0.05 1.5 — 0.1 — 0.1 — 0.1
Voltage Vou |y, 0.05 3 — 0.1 — 0.1 — 0.1
or 005 | 45 | — 0.1 — 0.1 — 0.1 v
Vi 12 3 — | o038 | — | o044 | — 05
24 45 | — | o038 | — | 044 | — 05
- { 75 55 | — — — | 1es | — —
50 55 | — — — — — | 165
Input Leakage Vee
Current Iy or 55 —_ +0.1 —_ +1 — +1 uA
GND
Quiescent Supply Vee :
Current, MSI lec or 0 55 _ 8 — 80 —_ 160 MA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-tine-drive capability at +85°C, 75 ohms at +125°C.
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STATIC ELECTRICAL CHARACTERISTICS: ACT Series

CD54/74AC174
CD54/74ACT174

Technical Data

AMBIENT TEMPERATURE (T,) - °C
‘ s TEST CONDITIONS Y
CHARACTERISTICS Ve 25 ~4010 +85 55104125 | ynirs
i V) -
Vi lo ™ i [ max | v [ max. | min. | max
s (mA) X . . 8 X .
High-Level Input ' 45
Voltage Vin to 2 — 2 - 2 — \
5.5
Low-Level Input 45
Voltage Vi to — 08 — 08 — 0.8 \
5.5
High-Level Output Vi -0.05 4.5 44 —_ 4.4 —_ 4.4 —_
Voltage Vou or -24 45 | 394 — 3.8 — 37 — ;
Vi \
4 * { -75 55 | — — 3.85 - — —
-50 5.5 —_ — — — 3.85 —_
Low-Level Output : Viu 0.05 45 — 0.1 — 0.1 — | 01
Voltage Voo . or 24 45 — 0.36 — 0.44 — 05
: Vi B - . - Vv
# * { 75 55 | — — — 165 | — —
50 5.5 — — — — — 1.65
Input Leakage Vee
Current h or 5.5 — +0.1 — +1 — +1 A
GND
Quiescent Supply Vee
Current, MSI| lee or 0 55 — 8 — 80 — 160 HA
GND ’
Additional Supply ) ) 45
Current per Input Pin : _ ) _ _
TTL Inputs High Al Vec-2.1 to 24. 238 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation. .

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT UNIT LOADS*
Dn, MR 0.5
CP 0.83

*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 2.4 mA max. @ 25°C.
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Technical Data

CD54/74AC174
CD54/74ACT174

PREREQUISITE FOR SWITCHING: AC Series

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (“;)" -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Data to CP 15 2 — 2 —
Setup Time tsu 33 2 — 2 — ns
5t 2 2
Hold Time 15 33 — 38 —
tn 33 3.7 — 42 — ns
5 26 — 3 —
Removal Time 15 15 — 15 —
MR to CP trem 33 15 — 15 — ns
5 15 — 15 —
MR Pulse 15 44 — 50 —
Width tw 33 49 - 56 — ns
5 3.5 —_ 4 —
CP Pulse 15 57 — 65 —
Width tw 33 6.4 - 7.3 — ns
5 46 — 5.2 —_
CP Frequency 15 9 — 8 —
famax 33 77 —_ 68 —_ MHz
5 108 95 —_
*33V:min.is@3V
t5V.min.is@45V
SWITCHING CHARACTERISTICS: AC Series; t, t, = 3 ns, C_ =50 pF
v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (3)" -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: t 1.5 — 154 — 169
CPtoQn Nl 33 49 17.2 47 18.9 ns
Pt 5t 35 123 34 135
‘MRto Qn R 1.5 — 165 - 181
tPLH 3.3 52 18.5 5.1 20.3 ns
PHL 5 37 13.2 36 145
Power Dissipation Capacitance Cro§ — 37 Typ. 37 Typ. pF
Input Capacitance G = = 10 — 10 pF

*33V: min.is@36V
max. is @3V

t5V: min.is@55V
max.is @ 4.5V
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§Cro is used to determine the dynamic power consumption, per flip-flop.

Pp. = Cep Voc? fi + 3 (Cu Vo) where fi = input frequency
fo = output frequency

C. = output load capacitance

Vce = supply voltage.




Technical Data

CD54/74AC174
CD54/74ACT174

PREREQUISITE FOR SWITCHING: ACT Series

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (“,‘f -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Data to CP ’

Setup Time tsu 5t 2 - 2 - ns
Hold Time th 5 22 — 25 — ns
Removal Time

MR to CP trem 5 1.5 - 1.5 . ns

‘ MR Pulse Width tw 5 35 — 4 — ns
CP Pulse Width tw 5 54 _ 6.2 _ ns
CP Frequency fmax 5 91 — 80 — MHz

15V:min.is@4.5V

SWITCHING CHARACTERISTICS: ACT Series; t, t, = 3 ns, C, = 50 pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (‘7)" -40 to +85 =55 to +125 UNITS
) " MIN. -MAX. MIN. MAX. )
Propagation Delays: R thn -
CPto Qn ) tem 5t 36 126 35 14 ns
MR to Qn N 5 4 14.1 39 155 ns
‘ PHL -
Power Dissipation Capacitance Cro§ — 37 Typ. 37 Typ. pF
input Capacitance C — — | 10 — 10 pF
Tmin.is@55V §Ceo is used to determine the dynamic power consumption, per flip-flop.
max.is @45V - - Po = Cep Vec® fi + X (Cu Vee® fo) + Vioe Alec where ., = input frequency

-fo = output frequency
C. = output load capacitance
Vcc = supply voitage.

INPUT
LEVEL
‘ Q
| vs
92CS-38444
Fig. 1 - Propagation delay times and clock pulse width, Fig. 2 - Prerequisite and propagation delay times for master reset.
ouTPUT
OUTPUT T Sh oF =
LOAD :7[50 PF
“FOR AC SERIES ONLY: WHEN
Vec =15V, R = 1k
. 92Cs - 36954RI ) 9xcs-azses
Fig. 3 - Prerequisite for clock. Fig. 4 - Test circuit.
CD54/74AC |CD54/74ACT
Input Level Vec 3V
Input Switching Voitage, Vs 0.5 Vee 15V
Qutput Switching Voltage, Vs 0.5 Vec 0.5 Vee
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Technical Data

CD54/74AC175
CD54/74ACT175

Quad D Flip-Flop with Reset

6.4ns @ Vec =5V, Ta=25°C, CL = 50 pF

0o ; b aH3>—aq0
cp———{>~1 P
WR—4 > R_aH -
D1 5 D Q 1——01
P
R GH -
oz—'z-J b6 oH% o2
__|§> Y. Type Features:
"l : m Buffered inputs
03 "? ‘Q——Q3 m Typical propagation delay:
L—{Ci
OND=8 R aHt-@
Vee =16

92CS-36950R1

FUNCTIONAL DIAGRAM

The RCA CD54/74AC175 and CD54/74ACT 175 are quad D
flip-flops with reset that use the RCA ADVANCED CMOS
technology. Information at the D input is transferred to the
Q and Q outputs on the positive-going edge of the clock
pulse. All four flip-flops are_controlled by a common clock
(CP) and a common reset (MR). Resetting is accomplished
by a LOW logic level independent of the clock. :

The CD74AC175 and CD74ACT175 are supplied in 16-lead
dual-in-line plastic packages (E suffix) and in 16-lead dual-
in-line small-outline plastic packages (M suffix). Both pack-
age types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C);
and Extended Industrial/Military (-55 to +125°C).

The CD54AC175 and CD54ACT 175, available in chip form
(H suffix), are operable over the -55 to +125°C temperature
range.

Family Features: '
n Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015 o
m SCR-Latchup-resistant CMOS process and circuit design
® Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
® Balanced propagation delays
[] AQ types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
m + 24-mA output drive current
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE
(EACH FLIP-FLOP)
INPUTS OUTPUTS

RESET | CLOCK | DATA -
(MR) cP Dn Qn Qn

L X X L H

H - H H L

H — L L H

H L X Qo Qo

H = High level (steady state)
L = Low level (steady state)

X = Irrelevant

/= Transition from low to high level
Qo, Qo = Levels before the indicated steady-state
input conditions were established
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Technical Data
CD54/74AC175
CD54/74ACT175

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (V0C) + -t ettt ittt ettt ettt tet et e e e et a e e et entanrseneananrasn e -05t06V
DC INPUT DIODE CURRENT, Ik (for Vi<-05V orVi>Vec +0.5V) touritiiiiiiiiiiniiiiiieiaiecarianneanns +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-0.5V OrVo>Vec +0.5V) oinniniiiiiiiiiiietiiiineinnanenanens +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, io (for Vo >-05VorVo<Vec +05V) ..............t. 150 mA
DC Vec or GROUND CURRENT (log OF JGND) « -+« e o ettt ttteteeatete et et eaeeeneaenereanansananesenensnnnes +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):

For Ta=-56610 +100°C (PACKAGE TYPE E) ...ttt itneenaeeanaeienennanens 500 mw

For Ta = +100 to +125°C (PACKAGE TYPE E) . Derate Linearly at 8 mW/°C to 300 mW

For Ta=-56 to +70°C (PACKAGE TYPEM) ................. S 400 mwW

For Ta = +70 to +125°C (PACKAGE TYPE M) Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta): .+ .. oiiittnitat e ettiatenetetataenetrraeeatneneannenannnns -55 to +125°C
STORAGE TEMPERATURE (Tatg) +.ovvvvnintititttitit e ettanestsnenteneassonanmessasneonanensnnnons -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32in. (159 + 0.79 mm) from case for 10 s maximum .............cccoviiiiiinienenannnnn. +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............... +300°C

* For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

CHARACTERISTIC V LIMITS UNITS
MIN. MAX.
Supply-Voltage Range, Vec™:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 \
ACT Types 45 55 \
DC Input or Output Voltage, V,, Vo 0 Vec v
Operating Temperature, Ta: -55 +125 °C
Input Rise and Falil Slew Rate, dt/dv
at 1.5V to 3V (AC Types) 0 50 ns/V
at3.6 V1o 5.5V (AC Types) 0 20 ns/V
at4.5V 1055V (ACT Types) 0 10 ns/V

*Unless otherwise specified, all voitages are referenced to ground.

R - 18 vee
a0 4 1S o3
@ 4 14 &
00 2 o
o1 Y P2 02
ai - 5%
o1 -1 |10 o,
GND & "?‘ cP
92CS-36822
TERMINAL ASSIGNMENT
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Technical Data

CD54/74AC175
CD54/74ACT175

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Ve *25 4010 +85 55104125 | N1
v, I V)
MIN. | MAX. | MIN. | MAX. IN. | MAX.
v) (mA) AX. | MIN
High-Level Input 15 1.2 — 1.2 — 1.2 —
Voltage Vi 3 | 21 — 2.1 — 21 — v
55 | 385 - 3.85 — 3.85 —
Low-Level input 15 —_ 03 — 0.3 — 03
Voltage Vi 3 — 0.9 — 0.9 — 09 v
55 - 1.65 — 1.65 — 1.65
High-Level Output -0.05 15 14 — 14 — 1.4 —
Voltage Vou | vy 0.05 3 | 20 | — 29 | — | 20 | —
or -0.05 45 | 44 — 44 — 44 —
Vi -4 3 258 — 248 — 24 — v
. -24 45 | 394 — 38 — 37 —
# * { -75 55 | — — | 38 | — — —
-50 5.5 — — — — 3.85 —
Low-Level Output ) 0.05 1.5 —_ 0.1 — 0.1 — 0.1
Voltage Voo | wvw | 005 3 — 0.1 — 0.1 — 0.1
or 0.05 45 — 0.1 — 0.1 — 0.1
Vi 12 3 - 0.36 — 0.44 — 05 v
24 45 — 0.36 — | 044 — 05
4+ { 75 55 — — — 1.65 — —
50 55 - — — — — 1.65
Input Leakage Vee
Current I or 55 —_ 10.1 — +1 — +1 uA
GND
Quiescent Supply Vee ‘
Current, MSI lee or 0 55 — 8 — 80 — 160 MA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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STATIC ELECTRICAL CHARACTERISTICS: ACT Series

Technical Data

CD54/74AC175

CD54/74ACT175

TEST CONDITIONS

AMBIENT TEMPERATURE (T,) - °C

_ CHARACTERISTICS Ve 25 4010 +85 S510425 | ynits
v, 1o V)
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
(\J] (mA)
High-Level Input 45
Voltage Vin to 2 — 2 — 2 — v
55
Low-Level Input 45
Voltage .V to - 0.8 — 0.8 - 0.8 Vv
5.5
High-Level Output Vin -0.05 45 44 — 44 — 44 —
Voltage Vo or 24 45 | 304 | — 38 — | a7 —
Vi \"
8 * { -75 55 | — — | 38 | — — —
1 -50 55 | — — — — | 38 | —
| Low-Level Output Vik 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Voo or
Vi 24 45 - 0.36 - 0.44 - 0.5 v
8 * { 75 55 — — — 1.65 — —
, 50 55 | — - — — | — |85
Input Leakage " Vee
Current h or 55 — +0.1 — +1 — +1 HA
GND
Quiescent Supply Vee
Current, MSt lec or 0 5.5 — 8 — 80 — - 160 pA
: GND -
‘ Additional Quiescent.Supply 45
Current per Input Pin : _ _ _
TTL Inputs High Aloe Vee-2.1 to 24 28 3 mA
‘ 1 Unit Load 55

| #Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line~drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE
INPUT UNIT LOAD*

Dn 0.58

MR 0.67

CcP 0.92

*Unit load is Alcc limit specified in Static Characteristics
Chart, e.g., 2.4 mA max. @ 25°C.
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Technical Data

CD54/74AC175
CD54/74ACT175

PREREQUISITE FOR SWITCHING: AC Series

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (\';; -40 to +85 -55 to +125 UNITS
. MIN. MAX. MIN. MAX.

Data to CP Setup Time 15 2 — 2 —
: tsu 3.3 2 —_ 2 — ns

5t 2 — 2 —

Hold Time 15 2 — 2 —
th 33 2 —_ 2 —_ ns

2 — 2 -

Removal Time 15 1 — 1 —
MR to CP trem 3.3 1 —_ 1 —_ ns

5 1 —_ 1 —

MR Pulse Width 15 44 - 50 —
: tw 33 49 —_ 56 — ns

! 5 35 — 4 —

CP Pulse Width 15 55 — 63 —
tw 33 6.1 —_ 7 — ns

5 44 — 5 —

CP Frequency 1.5 9 — 8 —

fmax 33 81 — ral — MHz
5 114 — 100 -

*33V:min.is@3V
t5V:min.is@45V

SWITCHING CHARACTERISTICS: AC Series; {, t, = 3 ns, C, = 50 pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (ch -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: t 1.5 — 139 — 153
CPtoQ,Q o 33* 44 155 43 17.1 ns
. . PHL 5t 3.2 1.1 3.1 12.2
MRto Q, Q : 15 — 139 - 153
t"""' 33 44 155 4.3 171 ns
PHL 5 3.2 111 3.1 122
Power Dissipation Capacitance Ceo§ — 55 Typ. 55 Typ. pF
Input Capacitance C — — I 10 — 10 pF
*33V:min.is@36V. §Cro is used to determine the dynamic power consumption, per flip-flop.
max. is @ 3 V. Po = CppVec® fi + X (CLVec® fo) where  fi = input frequency
o fo = output frequency
BV :::; 'Iss@@i%\(, ) C. = output load capacitance

Vec = supply voltage.

180 _




Technical Data

CD54/74AC175
CD54/74ACT175

PREREQUISITE FOR SWITCHING: ACT Series

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘('\‘;; -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Data to CP Setup Time tsu 5t S 2 — 2 — ns
Hold Time th 5 ;2 — 2 — ns
e wo |05 |1 | = ] = ]
MR Pulse Width tw 5 35 — 4 — ns
CP Pulse Width tw 5 44 - 5 — ns
CP Frequency frnax 5 114 — 100 — MHz
tminis@45V

SWITCHING CHARACTERISTICS: ACT Series; t, t, = 3 ns, C, = 50 pF

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS SYMBOL | ‘('\';; -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.

Propagation Delays:

CPtoQ,Q ten 5% 3 - 105 29 “11.5 ns

MRtoQ,Q ter 5 33 18 33 13. ns
Power Dissipation Capacitance Cro§ —_ : 55 Typ. 55 Typ. pF
Input Capacitance - C — — I 10 — 10 pF

1 min.is@5.5V §Cro is used to determine the dynamic power consumption, per flip-flop.

max.is@ 4.5V Po = CeoVec? fi + X (CuVec? fo) + Ve A lec where fi = input frequency

fo = output frequency
C. = output load capacitance
Vee = supply voltage.

INPUT
LEVEL

92€S-3695) Q

Fig. 1 - Propagation delay times and clock pulse width. 92Cs- 36952
Fig. 2 - Prerequisite and propagation delay times for master reset.

INPYT

QUTPUT
LEVEL

LOAD

*FOR AC SERIES ONLY: WHEN
92Cs - 369%4R! Vee =15V, R =1k

CL =
ouTPu*rIso PF

92C5-42389

Fig. 3 - Prerequisite for clock. Fig. 4 - Test circuit.

CDS54/74AC |CD54/74ACT
Input Level Vec 3v
Input Switching Voltage, Vs 0.5 Vec 1.5V
Output Switching Voltage, Vs 0.5 Vee 0.5 Vee
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Technical Data

CD54/74AC191
CD54/74ACT191

BINARY
PRESET - -
T Presettable Synchronous 4-Bit Binary
ASYN, PARALLEL 1y 12 l |'°l l 3 o6 Up/DOWI"I Counter
UOAD ENABLE .
14 2 a1 aiaay Type Features:
cLoex ™ —6 o U L Butfered inputs
TB /DOWN —— 72— Q3 m Typical propagation delay:
N S COUNP 12.8ns @ Voc =5 V, Ta=25°C, C. = 50 pF
o RIPPLE CLOCK
92C5- 42420 N
FUNCTIONAL DIAGRAM

The RCA-CD54/74AC191 and CDS54/74ACT191 asyn-
chronously presettable binary up/down synchronous count-
ers use the RCA ADVANCED CMOS technology. Preset-
ting the counter to the number on preset data inputs
(PO-P3) is accomplished by setting LOW the asynchronous
parallel load input (PL). Counting occurs when PL is HIGH,
Count Enable (CE) is LOW, and the Up/Down (U/D) input is
either LOW for up-counting or HIGH for down-counting.
The counter is incremented or decremented synchronously
with the LOW-to-HIGH transition of the clock.

When an overflow or underflow of the counter occurs, the
Terminal Count (TC) output, which is LOW during count-
ing, goes HIGH and remains HIGH for one clock cycle. This
output can be used for look-ahead carry in high-speed cas-
cading (see Fig. 4). The TC output also initiates the Ripple
Clock (RC) output which, normally HIGH, goes LOW and
remains LOW for the low-level portion of the clock pulse.
These counters can be cascaded using the Ripple Count
output.

The CD74AC191 and CD74ACT191 are supplied in 16-lead
dual-in-line plastic packages (E suffix) and in 16-lead dual-
in-line small-outline plastic packages (M suffix). Both pack-
age types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industria! (-40 to +85°C);
and Extended Industrial/Military (-55 to +125°C).

The CD54AC191 and CD54ACT191, available in chip form
(H suffix), are operable over the -55 to +125°C temperature
range.
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Family Features:
» Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
m SCR-Latchup-resistant CMOS process and circuit design
m Speed of bipolar FAST®/AS/S with significantly
reduced power consumption
m Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply.
u t 24-mA output drive current
- Fanout to 15 FAST® ICs
- Drives 50-ohm transmission lines

®FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE

INPUTS

BL CE /D cP FUNCTION

H L L s Count Up

H L H - Count Down

L X X X Asyn. Preset

H H X X No Change
Note:
U/D or CE shouid be changed _/~ = Low-to-high clock
only when clock is high. transition.

X = Don't care.

File Number 1911




Technical Data
CD54/74AC191
CD54/74ACT191

MAXIMUM RATINGS, Absolute-Maximum Values:

DO SUPPLY-VOLTAGE (VCC) « ettt et tiat ettt e ettt e e e e e e e e e e e e e e -05t06V
DC INPUT DIODE CURRENT, I (for Vi<-05V OrVi>Vec + 05 V) ..ottt +20 mA
DC OUTPUT DIODE CURRENT, lox (for Vo <-0.5VOrVo >Vec +05V) oiviniiniiniie i +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo > -05VorVo<Vec +05V) .............. 150 mA
DC Ve or GROUND CURRENT (166 OF FGND) -+« + et eteeetet ettt teeeee et et eee e e ettt eaens +100 mA*
POWER DISSIPATION PER PACKAGE (PD):

For Ta=-5510 +100°C (PACKAGE TYPE E) ....ciuiiiitiit ittt et et 500 mW

For Ta=+100t0 +125°C (PACKAGE TYPEE) .......0ouviriiiinneaannnnn, Derate Linearly at 8 mW/°C to 300 mwW

FOr Ta=-5510 +70°C (PACKAGE TYPE M) ... ittt e e e e e, 400 mW

For Ta=+701t0 +125°C (PACKAGE TYPEM) .......coiviuinneiiiaaannnnnn. Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta): -ttt e et e e e, ~55to +125°C
STORAGE TEMPERATURE (Tatg) « e vttt ttetettete ettt te et e et e et e e e e e e ~65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 1 1/32 in. (1.59 + 0.79 mm) from case for 10 S MaxXimum ............oouneineneeneraennnnnn.n. +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

* For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operaling eondltions should be selected so that operation is always within the
following ranges:

CHAﬁACTERISTIC LIMITS UNITS
MIN. MAX. |
Supply-Voltage Range, Vec*:
(For Ta = Full Package-Temperature Range)
AC Types .15 55 '
ACT Types . 45 55 \"
DC input or Output Voitage, Vi, Vo 0 Vee \'
Operating Temperature, Ta: : -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3V (AC Types) 0 50 ns/V
at3.6 V1o 5.5V (AC Types) 0 20 ns/V
at4.5Vto 55V (ACT Types) 0 10 ns/V

*Unless otherwise sbeciﬁed, all voltages are referenced to ground.

Vee

cpP

33333

92CS-38521

TERMINAL ASSIGNMENT
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CD54/74AC191
CD54/74ACT191

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Ve 25 -4010 +85 55104125 | ynits
V)
vi lo ( MIN. | MAX. | MIN
. . . | MAX. | MIN. | MAX.
v) (mA)
High-Level Input 1.5 1.2 — 1.2 — 1.2 —
Voltage Vin 3 | 21 — | 21 — | 21 — v
55 | 385 — 3.85 — 3.85 —
Low-Level Input 1.5 — 0.3 — 0.3 — 0.3
Voltage Vi 3 — | o9 — | o9 — | o9 v
55 — 1.65 — 165 — 165
High-Level Output -0.05 15 1.4 — 14 — 14 —
Voltage Vo Vin 0.05 3 29 — 29 — 29 —
or -0.05 45 | 44 — 44 — 44 —
Vi -4 3 2.58 — 2.48 — 24 — v
-24 45 | 394 — 38 — 37 —
4 * { -75 55 | — — | 38 | — — —
-50 5.5 — — — — 3.85 —
Low-Level Output 0.05 1.5 — 0.1 — 0.1 — 0.1
Voltage Vou [ vy 0.05 3 — 0.1 — 0.1 — 0.1
or 0.05 45 — 0.1 — 0.1 — 0.1
Vi 12 3 — 0.36 — 0.44 — 05 v
24 45 — 0.36 — 0.44 — 05
4 * { 75 5.5 — — — 1.65 — —
50 55 — — — — — 1.65
Input Leakage Vee
Current h or 55 — +0.1 — +1 — +1 HA
GND
Quiescent Supply Vee
Current, MSI lec or 0 55 — 8 - 80 — 160 7y
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
* Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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CD54/74AC191
CD54/74ACT191

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

_ AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS '
CHARACTERISTICS Ve . *25 -40to +85 55104125 | i1
V)
v, o (
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
V) (mA)
High-Level Input 45
Voltage Vin to 2 — 2 — 2 — Vv
: 55
Low-Leve! Input- 45
Voltage Vi to — 0.8 - 0.8 — 08 v
5.5
High-Level Output Vin -0.05 45 4.4 - 4.4 — 44 -
Voltage Vou | OF 24 45 | 3904 .| — 38 | — | 37 | — v
# * { -75 55 | — — | 38 | — - —
-50 55 = . . . 3.85 .
Low-Level Output Vi 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Vo | Vi 24 | 45 | — | 036 | — | o044 | — | o5 v
~ % { 75 55 | — — — 1.65 — —
50 5.5 — — - | — — 1.65
Input Leakage Vee )
Current : h or 55 — 10.1 — + — +1 uA
GND
Quiescent Supply Vee
Current, MSI lee or 0 55 — 8 — 80 — 160 HA
GND
Additional Supply Current 45
per input Pin § _ _
TTL Inputs High Alo Vee-2.1 to 24 28 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C..

ACT INPUT LOADING TABLE

INPUT UNIT LOAD* ‘ .
PO — P3, PL 0.75 :
CL, U/D, CE 0.85

*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 24 mA max. @ 25°C.
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CD54/74AC191
CD54/74ACT191

PREREQUISITE FOR SWITCHING: AC Series

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (“;;’ ._-40 to +85 -55 to +125 UNITS
) MIN. MAX. MIN. MAX.
Max. Frequency 15 55 — 4.8 —_ ;
fmaxt 3.3* 49 — 43 — MHz

5t 68 - 60 -

CP Pulse 1.5 91 - 104 -
Width tw 33 105 - 11.6 — ns

5 7.3 . 83 —

PL Pulse 15 66 — 75 —
Width tw 33 74 - 8.4 — ns

5 53 —_ 6 —_

Recovery Time 15 7 - 81 -
trec 33 8 - 9.1 — ns

, 5 5.7 - 6.5 —

Setup Time: 15 44 — 50 —_
Pn to PL tsu 33 49 — 5.6 — ns

5 35 — 4 —

CEtoCP 1.5 115 — 131 —
tsu 33 129 —_ 147 — ns

5 9.2 —_ 105 —_

U/DtoCP 15 132 — 150 —
tsu 33 147 —_ 16.8 ot ns

5 10.5 — .12 —

Hoid Time: 15 22 —_ 25 _
Pn to PL th 33 25 —_ 28 - ns

5 2 — 2 -_

CEtoCP 15 0 - —
tn 33 0 - 0 - ns

5 0 — (4] —

U/Dto CP 1.5 0 - 0 —
th 33 0 — 0 - ns

5 0 - 0 —

*33V:min.is@3V
5V:min.is@45V

$Applies to non-cascaded operation only. With cascaded counters clock-to-terminal count propagation delays, count enable
(CE)-to-clock set-up times, and count enable (CE)-to-clock hold times determine max. clock frequency. For example, with

these AC devices @ 85°C and Vec =5 V:

! =~ 36 MHz

fmax (CP) =
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CP-10-TC prop. delay + CE-to-CP setup + CE-to-CP Hold  18.2+92+0
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CD54/74AC191
CD54/74ACT191

SWITCHING CHARACTERISTICS: AC Series; t. t; = 3 ns, C_ = 50 pF

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS ‘SYMBOL ‘(I“,’f ~ -40 10 +85 -55 to +125 UNITS
_ MIN. MAX. | MIN. MAX.
Propagation Delays: tou - 15 — 171 . 188
PCto Qn ton 33" 5.4 19.1 53 21 ns-
" | st 39 13.6 38 15
PntoQn tew 15 — 173 —_ 190
Yo 33 5.4 194 5.3 21.3 ns
- 5 39 13.8 38 15.2
CPtoQn tou 15 - 182 - 200
to 33 5.8 20.4 5.6 224 ns
- 5 41 145 4 16
CPto RC tous 15 - 136 — 150
N 33 43 15.3 42 16.8 ns
o 5 3.1 " 3 12
CPtoTC teu 15 P 227 — 250
tore 3.3 1 .72 255 7 28 ns
5 5.2 18.2 5 20
U/Dto RC tous 15 - 246 - 27
town, 33 7.8 276 76 30.4 ns
5 5.6 19.7 5.4 217 |
| U/DtoTC teus 15 - 160 —_ 176 :
| tom 33 5.1 17.9 49 19.7 ns
5 36 12.8 35 14.1
CEtoRC tous 15 — 137 — 151
| ton 33 44 15.4 42 16.9 ns
- 5 31 i 3 12.1
Power Dissipation Capacitance Cro§ — 96 Typ. 96 Typ. pF
Input Capacitance : Cy — = ] 10 — J 10 pF
*3.3V: min.is@36V
max.is@3V
t5V: min.is@55V
max. is @ 4.5V

§Cro is used to determine the dynamic power consumption, per package:
Po = CroVoc® fi + (CL Vec® fo) where fi = input frequency
fo = output frequency
C. = output load capacitance
Ve = supply voltage.
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PREREQUISITE FOR SWITCHING: ACT Series

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS SYMBOL ‘('3‘)‘ -40to +856 -55t0 +125 UNITS
. MIN. MAX. MIN. MAX.

Max. Frequency fmax} 5t | - 68 — 60 - MHz .
CP Pulse Width tw 5 7.3 - 83 — " ns
PL Pulse Width tw 5 53 - 7 6 — ns
Recovery Time trec 5 5.7 — 6.5 — ns
Setup Time: i

Pnto PL 5 35 — - 4 —

CEtoCP tsu 5 9.2 — 10.5 — ns

U/D to CP 5 10.5 — 12 —
Hold Time: ]

Pn to PL 5 2 —_ 2 —

CEtoCP tu 5 0 — 0 — ns

U/DtoCP 5 0 — 0’ —

fmin.is@ 4.5V

{Applies to non-cascaded operation only. With | cascaded counters clock-to-terminal count propagation delays, count enable
{CE)-to-clock set-up times, and count enable (CE)-to-clock hold times determine max. clock frequency. For example, with
these ACT devices @ 85°C: :

fmax (CP) = ! ‘ =1 ~ 36 MHz
CP-to-TC prop. delay + CE-to-CP setup + CE-to-CP Hold  182+9.2+0

SWITCHING CHARACTERISTICS: ACT Series; t, t; = 3 ns, C. = 50 pF

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL | }"7; -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: .
Lto Qn . 5t 42 14.8 a1 16.3
Pnto Qn 5 3.9 13.8 3.8 15.2
CPtoQn 5 4.1 145 4 16
CPto RC towm 5 3.1 109 ) 12 ns
CPto TC tene 5 5.2 18.2 5 20
U/Dto RC 5 56 | 197 5.4 217
U/DtoTC 5 38 135 37 149
CEto RC 5 33 1.5 32 12.7
Power Dissipation Capacitance Cro§ — 96 Typ. 96 Typ. pF
Input Capacitance C — - I 10 — 10 pF
tMin. is @ 5.5 V
Max.is@ 4.5V.

§Cep is used to determine the dynamic power consumption, per package.
Pc = CeoVec’ fi + (CLVec? fo) + Ve Alec where fi = input frequency
f, = output frequency
C. = output load capacitance
Vec = supply voltage.
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INPUT LEVEL CPorCE vs ve INPUT LEVEL
PLH

AT vs

Wevetorm 1 Waveform 2

INPUT LEVEL
"—-/___-\_
INPUT LEVEL .
" = Vs — INPUT LEVEL
PL
PLH
an vs PHL
Qn
Waveform 3 Waveform 4
Sh

INPUT LEVEL

- - INPUT LEVEL Pn i

t
" ree INPUT LEVEL

Waveform § Wavetorm 6
- INPUT LEVEL
U/ m vs INPUT LEVEL
r—
tpLmA \PHL cp vs Vs Cvg
tsu(LH tgu(H)—
c vs vs su(l) L) su weuT
CE MAY CE MAY LEVEL
tPHL A , tPLH ce X\ | HANGEWK VS Ry
(H-L)
AT vs Vs ONLY
Waveform 7 Waveform 8

The shaded areas indicate when the input is p to change for output p
92CL -38403R3

CD54/74AC |CD54/74ACT
Input Level Vec 3V
Input Switching Voltage, Vs 0.5 Vee 15V
Output Switching Voltage, Vs 0.5 Vee 0.5 Vee

Fig. 1 - Transition, propagation delay, setup and hold, and removal times.
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TIMING DIAGRAM

LOAD
R -_-__-___-_---Z=ZZ-Z°Z
Pl |lpm = = = = — = — — — = —

PRESET
INPUTS | p2 J—T-L —————— - —_— - -
MMMWL-_-_---_-_--Z=ZZC
crock— I\ LML Uuumurere
powNnuP— |t —

ENABLE— L "
St { S W | N oy Y oy NN
a1 -

_:s_. | E— | H _] | -
02-: 1 L T
Q3 ~—¢ !
-t l
TERMINAL COUNT- =1 — Il
Ty
RIPPLE CLOCK ~ =r L -
113114 15 0 12 2 1211 o0 15 14 13
| _ll—count e |-— COUNT DOWN —{

——
LOAD
.
{1) Load (preset) to binary thirteen
(2) Count up to fourteen, fifteen, zero, one, and two
(3) Inhibit
(4) Count down 10 one, zero, fifteen, fourteen. and thiteen

92CM-38402

Fig. 2 - AC191 decode counters typical load, count, and inhibit
sequences.

CIRECTION

CONTROL

ENABLE

/o [ S/

oo
ce ce ct
ce I cP T P n -
core | [
92CS-38400

Fig. 3 - Synchronous n-stage counter with parallel gated TC/RC.

OIRECTION

coNTROL

&naeLE ——f

L ) i W R

s

o e

cLoex

92CS-3840!

Fig. 4 - Synchronous n-stage counter using ripple TC/RC.
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Presettable Synchronous 4-Bit
Binary Up/Down Counter with Reset

BINARY
PRESET
PO P1 P2 P3
= L)
PARALLEL _ 4 15| 1] 10} 9| 3
LOAD PL— — Qo)
L = o ‘BINARY
:‘ESSYEE,R—“—‘ 6 of OUTPUTS
s T
cLock up — —— 93
| 12 TERWMINAL
clock _4 13 COUNT uP Type Features:
powN TERMINAL A
Saca-azazg T DUWN [ ] Bul{ered inputs )
m Typical propagation delay:
FUNCTIONAL DIAGRAM 11.2ns @ Voo =5V, Ta = 25°C, Cu = 50 pF

The RCA-CD54/74AC193 and CD54/74ACT 193 are up/down
binary counters with separate up/down clocks. These devi-
ces use the RCA ADVANCED CMOS technology. Presetting
the counter to the number on preset data inputs (P0-P3) is
accomplished by a LOW asynchronous parallel load input
(PL). The counter is incremented on the LOW-to-HIGH
transition of the Clock-Up input (and a HIGH level on the
Clock-Down input) and decremented on the LOW-to-HIGH
transition of the Clock-Down input (and a HIGH level on the
Clock-Up input). A HIGH level on the Reset input overrides
other input to clear the counter to its zero state. The
(carry) output goes LOW half a clock period before
the zero count is reached and returns to a HIGH level at the
zero count. The TCD (borrow) output in the count down
mode likewise goes LOW half a clock period before the
maximum count (15 counts) and returns to HIGH at the
maximum count. Cascading is effected by connecting the
TCU and TCD outputs of a less significant counter to the
Clock-Up and Clock-Down inputs, respectively, of the next
most significant counter.

The CD74AC/ACT193 are supplied in 16-lead dual-in-line
plastic packages (E suffix) and in 16-lead dual-in-line smali-
outline plastic packages (M suffix). Both package types are
operable over the following temperature ranges: Commer-
cial (0 to 70°C); Industrial (-40 to +85°C); and Extended
Industrial/Military (-55 to +125°C).

The CD54AC193 and CD54ACT193, available in chip form
(H suffix), are operable over the -55 to +125°C temperature
range.

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
m SCR-Latchup-resistant CMOS process and circuit design
m Speed of bipolar FAST®/AS/S with stgmﬂcantly
reduced power consumption
m Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
m + 24-mA output drive-current
- Fanout to 15 FAST® iCs
- Drives 50-ohm transmission lines

®FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE
CLOCK | CLOCK PARALLEL
uP DOWN RESET LOAD FUNCTION
- H L H Count Up

H L H Count Down

X X H X Reset

X X L L Load Preset

Inputs

H = High level
L = Low level
—/" = Low-to-high transition
X = Don't care

File Number 1947
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MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VOC) v ettt ettnntitte ittt e aae ettt ettt aae et atteaeaneaneann -05t06V
DC INPUT DIODE CURRENT, lik (for Vi<-05VorVi>Vec +05V) ..ot +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-0.5V orVo >Vec +0.5V) ..ot iiiiiiiiiiiiiiiiiiiiaaanens +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lg (for Vo > 05V orVo<Vec+05V) .............. 150 mA
DC Vec or GROUND CURRENT (b O IGND) - v v e veveneeennnnvienenteniienannss P +100 mA*
POWER DISSIPATION PER PACKAGE (Po): . R R

For Ta=-551t0 +100°C (PACKAGE TYPE E) . ....outiuininiiti it iaeiiiiiiia i nananinn, 500 mW

For Ta = +100 to +125°C (PACKAGE TYPE E) Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +70°C (PACKAGE TYPE M) ...ttt ittt it aenanas 400 mW

For Ta = +70 to +125°C (PACKAGE TYPE M) Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA): «tvtiuttittaeattiiitieinriaenneineineinsenrannsennann -55 to +125°C
STORAGE TEMPERATURE (Tsig) « vt ceetenueneenneaneaneeneenttneseasoanesneeneencaneaneonssnnanns -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING): .

At distance 1/16 + 1/32 in. (1.59 £+ 0.79 mm) from case for 10's MAXIMUM et e e e e e e e nnns +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

* For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so Ihat operation is always within the
following ranges:

CHARACTERISTIC h LMITS | s
) MIN. MAX.
Supply-Voltage Range, Vec™: :
(For Ta = Full Package-Temperature Range)
AC Types - 15 55 \"
. ACT Types 45 55 B
DC Input or Output Voltage, Vi, Vo ' 0 Vee v
Operating Temperature, Ta: ’ . -55 +125 °C-
Input Rise and Fall Slew Rate, dt/dv ) :
at 1.5V to 3 V (AC Types) 0 50 ns/V
at 3.6 Vto 5.5V (AC Types)" 0 20 ns/V
at4.5Vto 5.5V (ACT Types) 0 10 . ns/V

*Unless otherwise specified, all voltages are referenced to ground.

92CS-38565

TERMINAL ASSIGNMENT
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CD54/74AC193
CD54/74ACT193

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS TEST CONDITIONS Vee 25 ~401o +85 5504125 Nt
(“’,') ("'&) ™ Twn. [ max. | min. | max. | mm. MAX.
High-Level Input 15 1.2 — 1.2 — 1.2 —
Voltage Vin 3 2.1 — 2.1 — 2.1 — v
55 | 385 | — [ 385 | — | 38 | —
Low-Level input 15 — 0.3 — 03 — 0.3
Voltage Vi 3 — 09 — 0.9 — 0.9 v
, 556 | — [ 165 | — [ 165 | — | 165
High-Level Output o 005 | 15 | 14 — 1.4 — 14 —
Voltage Von |y, -0.05 3 | 29 — 29 | — | 29 —
or -0.05 45 4.4 - 44 — 44 —
Vi 4 3 | 2858 | — | 248 | — 24 — v
24 45 | 394 | — 38 — 37 —
- { 75 55 | — — |38 | — — —
-50 55 | — — — — | 385 | —
Low-Level Output 0.05 1.5 — 0.1 — 0.1 — 0.1
Voltage Vo | v, 0.05 3 — | o1 — | o1 — | o1
or 005 | 45 | — 0.1 — 0.1 — 0.1
Vi 12 3 — [ 03 | — [ o0as | — 05 v
24 45 | — | 036 | — | oasa | — 05
' 4 * { 75 5.5 — — — | 165 — —
50 55 | — — — — — | 185
Input Leakage Vee
Current ! or 55 | — | x01 | — +1 — +1 7y
: GND .
Quiescent Supply Vee
Current, MSi fec or 0 55 —_ 8 — 80 — 160 MA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation. )
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Ve *25 4010 +85 55104125 | ynirs
v)
v, A
V) (mA) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input 4.5
Voltage Vin to 2 — 2 — 2 — \
55
Low-Level Input 4.5
Voltage Vi to —_ 0.8 — 0.8 — 08 '
5.5
High-Level Output Viu -0.05 4.5 44 — 4.4 — 44 —
Voltage Vou | g0 24 |45 [ 394 | — [ 38 | — [387 [ — v
- { -75 5.5 — — 385 — — —
-50 5.5 - —_ - —_ 3.85 —_
Low-Level Output Vin 0.05 4.5 — 0.1 — 0.1 — 0.1
Voltage Vo | v 24 45 | — | 036 | — | o044 | — | 05 v
4 * 75 55 [ — — — 1.65 — —
50 55 - — —_ _ —_ 1.65
Input Leakage Vee
Current N or 55 — +0.1 —_ +1 — +1 HA
GND
Quiescent Supply Vee )
Current, MSI lec or 0 55 — 8 — 80 — 160 uA |
GND
Additional Quiescent Supply 45
Current per Input Pin - _ _ —
TTL Inputs High Aloc Vee-2.1 ;% 24 28 3 mA
1 Unit Load )

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT UNIT LOAD*
PO - P3, PL 0.75
MR, CPU, CPD 0.85

*Unit load is Alcc limit specified in Static
Characteristics Chan, e.g., 2.4 mA max. @ 25°C.
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CD54/74AC193
CD54/74ACT193

PREREQUISITE FOR SWITCHING: AC Series

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (\‘,’;‘ -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.

Clock Puise Width 15 64 — 73 —
CPD tw 3.3 71 — 8.1 — ns

5t 5.1 — 5.8 —

CPU . 15 73 — 83 —
tw 33 8.1 — 92 — ns

5 5.8 — 6.6 —

PL Pulse Width 1.5 66 - 75 -
tw 33 7.4 — 8.4 — ns

5 5.3 — 6 _

MR Pulse Width 15 55 — 63 —
tw 33 6.1 — 7 —_ ns

5 44 — 5 —

Recovery Time 15 55 - 63 —
PL to CPU or trec 33 6.1 — 7 — ns

CPD 5 44 — 5 —

Recovery Time . 15 1 — 1 —
MR to CPU, CPD trec 33 1 — 1 — ns

5 1 —_ 1 —

Setup Time 1.5 44 — 50 —
Pnto PL tsu 33 49 — 56 — ns

] 5 3.5 — 4 —

Hold Time 1.5 2 — 2 —
Pnto PL tn 33 2 — 2 — ns

5 2 — 2 —

Max. Frequency 15 6.8 —_ 6 —

CPU 33 62 — 54 — MHz
¢ 5 86 — 75 —
CPD e 15 7.8 - 6.8 —
33 70 — 61 — MHz
5 97 — 85 —

*33V: min.is@3V
f5V: min.is@45V
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CD54/74AC193
CD54/74ACT193

SWITCHING CHARACTERISTICS: AC Series; t, t, = 3 ns, C_= 50 pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL | (¥ -40 to +85 -55 to +125 UNITS
. MIN. MAX. MIN. MAX.
Propagation Delays: t 15 — 171 — 188
PLtoQn :PLH 3.3 5.4 19.1 5.3 21 ns
PHL 5t 39 13.6 38 15
CPU to Qn t 15 — 159 — 175
CPDto Qn t"”‘ 3.3 5 17.8 49 19.6 ns
prL 5 36 12,7 35 14
CPU to TCU t 15 — 127 — 140 :
CPD to TCD t"”‘ 33 4 14.3 39 15.7 ns
PHL 5 29 10.2 28 11.2
MR to Qn ' 15 —_ 182 — 200
t"““ 33 5.8 20.4 56 224 ns
PHL 5 4.1 145 4 16
MR to TCU ¢ 1.5 — 171 — 188
t"L" 33 55 19.1 53 21 ns
PHL 5 39 13.6 38 15
MR to TCD t 15 - 207 — 228
t"“‘ 33 6.6 23.2 6.4 255 ns
PHL 5 47 16.5 486 18.2
PntoQn ¢ 15 — 187 — 206
{"“ 33 59 21 58 231 [ ns
PHL 5 42 15 41 16.5
Power Dissipation Capacitance Ceo§ - 95 Typ. 95 Typ. . pF
Input Capacitance Ci — —_ l 10 — 10 pF
*33V: min.is@36V
max.is@3V
5V: min.is@55V
max.is @ 4.5V

§Cro is used to determine the dynamic power consumption, per package.
Po = Cep Vec? i + £ (CL Vec® fo) where  f; = input frequency
fo = output frequency
CL = output load capacitance
Vec = supply voltage.
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CD54/74AC193
CD54/74ACT193

PREREQUISITE FOR SWITCHING: ACT Series

AMBIENT TEMPERATURE (T,) - °C ]
CHARACTERISTICS - | symBoL ‘('3;’ -40 to +85 -55 1o +125 UNITS
MIN. MAX. MIN. MAX.
Clock Pulse Width: i .
CPU tw 5t 68 - | 77 — ns
CPD 5.8 — 6.6 —
PL Pulse Width tw 5 6.6 — 75 — ns
MR Puise Width ) T tw 5 44 - 5 — ns
Recovery Time:
PL to CPU or CPD trec 5 57 — 6.5 — ns
MR to CPU, CPD 1 — 1 -
Setup Time )
Pn to PL tsu 5 47 — 5.4 — ns
Hold Time ‘
Pn to PL tn 5 2 — 2 — ns
Max. Frequency:
CPU e 5 74 - 65 = MHz
CPD 86 — 75 -
15V min.is@ 4.5V
SWITCHING CHARACTERISTICS: ACT Series; t, t; = 3 ns, C, = 50 pF
v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (vcf -40 to +85 __-55to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays:
PLto Qn 5t 3.9 13.6 38 15
CPU to Qn 5 36 12.7 35 14
CPDtoQn - 5 36 12.7 35 14
CPU to E—TJ o 5 29 10.2 238 1.2
CPD to TCD o 5 29 10.2 28 11.2 ns
MR to Qn 5 4.1 145 | 4 16
MR to TCU 5 3.9 13.6 .38 15
MR to TCD 5 47 165 | 46 18.2
Pn to Qn 5 42 15 4.1 16.5
Power Dissipation Capacitance Cep§ — 95 Typ. 95 Typ. pF
Input Capacitance C — — 10 — 10 pF
5V:min.is@5.5V
max.is@4.5V.

§Crp is used to determine the dynamic power consumption, per package.
Po = Cen Voc® fi + X (CL Vec® fo) + Ve Alec where  f; = input frequency
fo = output frequency
C. = output load capacitance
Ve = supply voltage.
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CD54/74AC193
CD54/74ACT193

INPUT LEVEL

cruorcep A Vs

(a) Clock to output delays and clock pulse width.

~—— INPUT LEVEL
e/ \__

t t,
_ .4 w w INPUT LEVEL
PL Vs Vg
INPUT
CPU OR CPD Vs LEVEL
—e{tpLH —={tPHL|
an Vs Vs

(c) Parallel load pulse width, parallel load to output
delays, and‘parallel load to clock recovery time.

INPUT LEVEL
CPU ORCPD

Vs Vs

tPLH

TCU OR TCD Vs

32CmM-38572

(b) Clock to terminal count delays.

INPUT LEVEL

Mn__4

CPU OR CPD

—= 'PML[

(d) Master reset puise width, master reset to output
delay and master reset to clock recovery time.

t
REC INPUT LEVEL

Qn

L — INPUT LEVEL

VOPORI

— — INPUT LEVEL
fvs

a=p

92CmM-38571R2

(e) Setup and hold times data to parailel load (PL).

Input Level

Input Switching Voltage, Vs

Output Switching Voltage, Vs

CD54/74AC |CD54/74ACT
Vee 3V
0.5 Vee 1.5V
0.5 Vee 0.5 Vec

Fig. 1 - AC waveforms.

APPLICATION
DATA INPUT
A P
PO Pt P2 P3 PO P1 P2 P3
UP CLOCK cPU TCUp—————CPU TCU}— CARRY
DOWN CLOCK —————{CPD TCDp——CPD TCD|— BORROW
——«(i’T. MR PL MR
Qo Q1 02 Q3 Q0 01 02 Q3
ASYNC, PARALLEL LOAD
RESET !
ouTPUT
92CM-38573

CASCADED UP/DOWN COUNTER WITH PARALLEL LOAD
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Sequences:
(1) Reset outputs to zero.
(2) Load (preset) to binary thirteen.
(3) Count up to fourteen, fifteen,
terminal count up, zero, one and
two.
(4) Count down to one, zero, terminat
count down, fifteen, fourteen and thirteen.

Note 1: Master reset overrides load
data and clock inputs

Note 2: When counting up, clock-down input
must be high; when counting down,
clock-up input must be high,

CD54/74AC193
CD54/74ACT193

MASTER RESET —J
ASYNC PARALLEL LOAD

po_f T o oo T oTTTI

Pl LTI oo TIE

RESET DATA - - - oo

P2_| - -T--T--------=

P3 g irpliuptaylnpinyley iy

cLocK up LML

cLocK pown (EpNpWpWplyuy

(%) | Yy 8 NN I s Y e N o

Q1 i L. J g I

OUTPUTS:
Q2 —1 1
Q3" L [ -1
TERMINAL COUNT UP —uJ
TERMINAL COUNT DOWN U
) [
[ 13 14 15 0 1 2 L_1°15‘413
RI_J‘ESET '_‘—PRESET COUNT up——l COUNTDOWN
92CS-38574

Fig. 2 - Timing diagram.
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CD54/74AC240/241/244

Advance Information

CD54/74ACT240/241/244

241 & 244 24

=]

2 18 — . .
w4 kv ® Octal Buffer/Line Drivers, 3-State
1A2 ——: % 12 72 CD54/74AC/ACT240 - Inverting
T o 1w s CD54/74AC/ACT241 - Non-Inverting
2a1 13 17_.v1 2vi CD54/74AC/ACT244 - Non-Inverting
282 :i :_ 2v2 2V2
2A3 — 5 =— 2v3 2V3

2408244 241 ve i:va T .
ToE TOE 1 &8s o ype Featu‘res.
36E 20 19| a Buffered inputs
92CS-38495 ® Typical propagation delay:

36ns@ Voc=5V, Ta=25°C, C.= 50 pF

FUNCTIONAL DIAGRAM &
TERMINAL ASSIGNMENT

The RCA CD54/74AC240, CD54/74AC241, and CD54/74AC-
244 and the CD54/74ACT240, CD54/74ACT241, and CD54/74-
ACT244 3-state octal buffer/line drivers use the RCA
ADVANCED CMOS technology. The CD54/74AC/ACT240
and CD54/74AC/ACT244 have active-LOW output enables
(10E, 20E). The CD54/74AC/ACT241 has one active-LOW
(10E) and one active-HIGH (20E) output enable.

The CD74AC240, CD74AC241, and CD74AC244 and the
CD74ACT240, CD74ACT241, and CD74ACT244 are sup-
plied in 20-lead dual-in-line plastic packages (E suffix) and
in 20-lead dual-in-line .small-outline plastic packages (M
suffix). Both package types are operable over the following
temperature ranges: Commercial (0 to 70°C); Industrial (-40
to +85°C); and Extended Industrial/Military (-55 to +125°C).
The CD54AC240, CD54AC241, and CD54AC244 and the
CD54ACT240, CD54ACT241, and CD54ACT 244, available in
chip form (H suffix), are operable over the -55 to +125°C
temperature range.

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
u SCR-Latch-up-resistant CMOS process and circuit design
= Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
m Balanced propagation delays
u AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
= * 24-mA output drive current
- Fanout to 15 FAST"* ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.
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TRUTH TABLES
INPUTS OUTPUT INPUTS OUTPUT
10E, 20E A Y 10E, 20E A Y
L L H L L L
L H L L H H
H X z H X z
(AC/ACT240) (AC/ACT244)
INPUTS QUTPUT INPUTS OUTPUT .
108 1A v 20€ 2A 2v H = HIGH Voltage Level
L L L L X z L = LOW Voltage Level
L H H H L L X = Immaterial
H X 4 H H H Z = HIGH Impedance
(AC/ACT241)

File Number 1856




Technical Data

CD54/74AC240/241/244
CD54/74ACT240/241/244

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VCC) .« 1 v vttt ettt ettt es e et sttt ee et e et ettt -05to6V
DC INPUT DIODE CURRENT, lix (forVi<-0.5V orVi>Vec + 0.5V) ovniinniiineiiiiiieiiieeiei it +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo' <-05V orVo>Vec + 05 V) o oivniininieii e e e +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-05V orVo<Vec +05V) .............. +50 mA
DC Vi or GROUND CURRENT (o6 OF IGND) -+« o vt et vee e te ettt et e e e e e et e e e e e e e e +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):

For Ta=-5510 +100°C (PACKAGE TYPE E) ......i.ituiiniriin ettt et ie e ettt 500 mW

For Ta = +100 to +125°C (PACKAGE TYPEE) .......... TR Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +70°C (PACKAGE TYPE M) . ..o uiuiiiinitiii ittt e e e 400 mW

For Ta = +7010 +125°C (PACKAGE TYPEM) ............ciiiieniniinnnn., Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA) . eutreunitetnttetnetae s et eneeeea et aeeeereenns -55 to +125°C
STORAGE TEMPERATURE (Tag) . ....ocovenenenann.... e e e -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING): ’

At distance 1/16 & 1/32 in. (1.59 £ 0.79 mm) from case for 10 S Maximum . ............oouvvuinvnirnenennnnnn.. . +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

*For up 10 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS: ' 3
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges: - B .

CHARACTERISTIC LIMITS UNITS
MIN. MAX.
Supply-Voitage Range, Vcc*:
(For Ta = Full Package-Temperature Range) - ’
AC Types o 1.5 55 \
ACT Types 45 55
DC Input or Output Voltage, Vi, Vo L 0 Vec v
Operating Temperature, Ta o -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3 V(AC Types) 0 - 50 ns/V
at 3.6 V to 5.5 V(AC Types) 0 20 " ns/V
at4.5 V10 5.5 V(ACT Types) 0 10 - ns/V
"Unless otherwise specified, all voltages aré referenced to ground.
O D vee o€ -H 120 oo 7o ’—20 vee
10 -4 112 208 180 4 R L . 180 |12 708
w Y '8 775 2v0 Y ALY . ave Y '8 1vo
181 4 ALAPYY 1A1 4 17 243 a1 4 7 2a3
573 = 116 v7 2v2 3 1€ 1v4 A 2va <2 16 1yy
182 4 'S 242 142 -4 115 242 142 1S 2a2
i 14 vz w1 LR 21 e yv2
183 & 13 a1 143 4 13 241 183 4 13 2a1
6 2 v 2vo 12 1v3 2vo Y 12 4y
GND —“0 11 20 anp 29 L 280 anp Y 1L 240
m&m‘ 92CS-30062 92CS-36883
CD54/74AC, ACT240 TYPES CD54/74AC, ACT241 TYPES CD54/74AC, ACT244 TYPES
TERMINAL ASSIGNMENT TERMINAL ASSIGNMENT TERMINAL ASSIGNMENT
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CD54/74AC240/ 241/244

CD54/74ACT240/241/244

STATIC ELECTRICAL CHARACTERISTICS: AC Series

TEST CONDITIONS

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS Vee *25 -40 10 +85 55104125 | ynirs
V)
v, 1 (
(mA) MIN. | MAX. | MIN. | MAX. | MIN. MAX
High-Level input 1.5 1.2 — 1.2 — 1.2 —
Voltage Vin 3 21 s 21 _ 21 _ v
5.5 3.85 — 3.85 —_ 3.85 —
Low-Level Input 15 — 0.3 — 03 — 03
Voltage Vie 3 — 1 o9 | = [ o9 | — | o9 v
55 — 1.65 - 1.65 — 1.65
High-Leve! Output -0.05 1.5 1.4 - 14 — 1.4 —
Voltage Vo | vy 0,05 3 | 29 | — | 290 | — 29 | —
or -0.05 45 4.4 - 4.4 - 44 —
Vi -4 3 2.58 —_ 248 - 24 —_ v
24 45 | 394 — 338 — 3.7 —
§ -75 55 | — — | 38 | — — —
’ -50 5.5 — — — — 3.85 —_
Low-Level Output 0.05 15 — 0.1 — 0.1 — 0.1
Voltage Vo |y, 0.05 3 — 1 oa — | o1 — | a1
or 0.05 45 — 0.1 - 0.1 — .01
Vi 12 3 — 0.36 — 0.44 — 0.5 v
24 45 — 0.36 — 0.44 — 0.5
4 * 75 |55 | — — — | 165 | — —
50 55 — — - — - 1.65
Input Leakage Vec
Current I or 55 — +0.1 — 1 —_ +1 HA
GND
3-State Leakage Vin
Current loz or
Vie
Vo= 55 — +0.5 —_ +5 — +10 MA
Vee
or
. GND
Quiescent Supply Vee
Current, MS! lec or 0 55 — 8 — 80 — 160 LA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

* power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capablhty at +85°C, 75 ohms at +125°C.
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CD54/74AC240/241/244
CD54/74ACT240/241/244

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Ve +25 -40 to +85 55104125 | Ny
v)
(‘6') ( n'&) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input 45
Voltage Vin to 2 -_ 2 — 2 — v
55
Low-Level input 45
Voltage Vie to — 0.8 - 08 — 08 v
55
High-Level Output Vin -0.05 45 4.4 — 4.4 — 44 —
Voltage Von Ve 24 45 | 394 | — 38 — 3.7 — v
o * -75 55 | — — 3.85 — — —
' -50 55 | — — — — |38 [ —
Low-Level Output Vin 0.05 45 — 0.1 - 0.1 — 0.1
Voltage Vo | 7 24 45 | — Jos | — Joa | — [os |
§ * 75 55 | — — — 165 - —
' 50 55 | — — — — — | 165
Input Leakage Vee
Current Iy or 55 —_ +0.1 — +1 — +1 HA
GND
3-State Leakage Vin
Current loz or
VIL
Vo= 5.5 — +0.5 - 15 - +10 pA
Vee
or
GND
Quiescent Supply Vee .
Current, MSI lee or 0 55 — 8 — 80 — 160 MA
GND
Additional Quiescent Supply 45 )
Current per Input Pin - - _ _ _
TTL Inputs High Algg | Vee21 to 24 28 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLES
CDS54/74ACT240 CD54/74ACT241 CD54/74ACT244
INPUT UNIT LOADS* INPUT UNIT LOADS* INPUT UNIT LOADS*
nAO - A3 1.42 nAO - A3 05 nAO - A3 05
T0E 0.83 10E 0.83 10E 0.83
20E 0.83 20E 1.67 20E 0.83

*Unit load is Aleg limit specified in Static Characteristics Chart, e.g., 2.4 mA max. @ 25°C.
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CD54/74AC240/241/244
CD54/74ACT240/241/244

SWITCHING CHARACTERISTICS: AC Series; 1, t, = 3 ns, C, = 50 pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (ﬁ: -40 l9 +85 -55 to +125 UNITS
E MIN. MAX. | MIN. MAX.
Propagation Delays: t 15 — 82 — 90
Data to Outputs b 33 26 92 25 10.1 ns
AC240 i 5t 19 6.5 1.8 7.2
AC241,244 N 15 - 93 —_ 103
t*"” 33 3 10.5 29 11.5 ns
PHL 5 22 75 21 8.2
Output Enable Times t 15 — 136 —_ 150
NG 33 46 16.4 45 18 ns
Fn 5 31 10.9 3 12
Output Disable Times t 15 — . 136 — 150
o 33 3.9 136 38 15 ns
" 5 3.1 10.9 3 12
Power Dissipation Capacitance
AC240 — 65 Typ. 65 Typ.
AC241, 244 Ceof — 71 Typ. 71 Typ. pF
Min. (Valley) Von Vonv
During Switching of Other Outputs See 5 4 Typ. @ 25°C \"
(Output Under Test Not Switching) Fig. 1
Max. (Peak) VoL Voie
During Switching of Other Outputs See 5 1Typ. @ 25°C \"
(Output Under Test Not Switching) Fig. 1
Input Capacitance G — — 10 — 10 pF
3-State Output Capacitance Co — — 15 — 15 pF
SWITCHING CHARACTERISTICS: ACT Series; t,,t, =3 ns, C, =50 pF
’ v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (“;;’ -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: tom '
Data to Outputs o 5t 23 7.8 22 86 ns
ACT240 Pt
ACT241, 244
teun 5 25 8.7 24 96 ns
| R .
Output Enable Tnme§ :;:; 5 35 12.2 3.4 134 ns
Output Disable Times :::é 5 a5 122 34 13.4 ns
Power Dissipation Capacitance e
ACT240 Cro§ — 65 Typ. 65 Typ. F
ACT241, 244 PD! — 71 Typ. 71 Typ. p
Min. (Valley) Von Vonv . - P
During Switching of Other Outputs See 5 4 Typ.@ 25°C \"
(Output Under Test Not Switching) Fig. 1 ) )
Max. (Peak) Vo Vorr
During Switching of Other Outputs See 5 1Typ. @ 25°C \
(Output Under Test Not Switching) Fig. 1 )
Input Capacitance C — — 10 — 10 pF
3-State Output Capacitance Co — — 15 = 15 pF

*3.3V: min.is@36V
max.is @3V

t5V: min.is@55V
max.is @ 4.5V
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$Cpop is used to determine the dynamic power consumption, per package.
For AC series: Po = Ve’ f; (Cep + Cv)
For ACT series: Po = Ve fi (Crp + Cu) + Ve Alec where  f; = input frequency

C. = output load capacitance
Vee = supply voltage.
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PARAMETER MEASUREMENT INFORMATION

—_—— R ———— — VOH
"~ \

OTHER
OUTPUTS
\
—— e ———— | U, VoL
)__\/\_ Vou
ouTPUT = = — Vowv
UNDER
TestT - —— — VoLp
—/\/_.,_ _——————— VoL
NOTES:

1. VOMV AND VoLp ARE MEASURED WITH RESPECT TO A GROUND
REFERENCE NEAR THE OUTPUT UNDER TEST.

2. INPUT PULSES HAVE THE FOLLOWING CHARACTERISTICS:
PRR <1 MHz, t, = 3 ns, t§ = 3 ns, SKEW 1 ns.

3. A.F. FIXTURE WITH 700-MHz DESIGN RULES REQUIRED.
1C SHOULD BE SOLDERED INTO TEST BOARD AND BYPASSED
WITH 0.1 ,F CAPACITOR. SCOPE AND PROBES REQUIRE
700-MHz BANDWIDTH.

92CS-42406

Fig. 1 - Simultaneous switching transient waveforms.

OuTPUT
O

ool e
OUTPUTIso pF =

*FOR AC SERIES ONLY: WHEN
Vec=1.5V,RL =1k

92C5-42389

CD54/ 74AC240/ 241/244
CD54/74ACT240/241/244

=3ns

OUTPUT [ ____________
DISABLE /

Fe—tPLZ

INPUT LEVEL

OUTPUT: LOW
TO OFF TO LOW

vs
v
=02Vec,  (xanp)

—tPHZ
VoH (#Vce)

OUTPUT: HIGH 08Vce
TO OFF TO HIGH -—- vg
OUTPUTS OUTPUTS OUTPUTS
ENABLED DISABLED ENABLED-
o—Q GND (1PHZ, tpzH)
0—Q OPEN (tpHL, 1PLH)
OTHER o 2Vcc (tpLz. tP2L),
INPUTS O—3  our 500 O° (OPEN DRAIN)
(TIED HIGH } O—|  wiTH RL
OR LOW) ‘ 3-STATE our
P
OUTPUT s00*
OUTPUT
~ DISABLE

= 92CM-42405
*FOR AC SERIES ONLY: WHEN Veec =15V, R =1kO

Fig. 2 - Three-state propagation delay times and test circuit.

ty =3ns

INPUT
LEVEL —

INPUT
A

GND - 0= T =7

o UVUT
.AC/ACT240

PHL
YeLH

OUTPUT
Y

AC/ACT241
AC/ACT244

92Cs-42407

Fig. 3 - Propagation delay times and test circuit.

CD54/74AC |CD54/74ACT
Input Level Vee 3V
Input Switching Voltage, Vs 0.5 Vee 15V
Output Switching Voitage, Vs 0.5 Vee 0.5 Ve
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CD54/74AC245
CD54/74ACT245

A0 -2 =+« 80 )
o 0N Octal-Bus Transceiver, 3-State,
4 16
pee e Non-Inverting
A>3 'Sy « 83
A4S 114, o84
e : e s Type Features:
8 12
:: . " ':: a Buffered inputs
m Typical propagation delay:
om——1 19 4 =5V, Ta = 25°C, Cy = 50 pF
P ns @ Vec , Ta , Co pi
92CS-38468
FUNCTIONAL DIAGRAM

The RCA CD54/74AC245 and CD54/74ACT245 octal-bus
transceivers use the RCA ADVANCED CMOS technology.
They are non-inverting 3-state bidirectional transceiver-
buffers intended for two-way transmission from “A” bus to
“B" bus or “B” bus to “A” bus. The logic level present on the
direction input (DIR) determines the data direction. When
the output enable input (OE) is HIGH, the outputs are in the
high-impedance state.

The CD74AC245 and CD74ACT245 are supplied in 20-lead
dual-in-line plastic packages (E suffix) and in 20-lead dual-
in-line small-outline plastic packages (M suffix). Both pack-
age types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C);
and Extended Industrial/Military (-55 to +125°C).

The CD54AC245 and CD54ACT245, available in chip form
(H suffix), are operable over the -55 to +125°C temperature
range.

TRUTH TABLE
CONTROL
INPUTS OPERATION
OE DIR
L L B DATA TO A BUS
L H A DATA TO B BUS
H X ISOLATION.

H = high level, L = low level, X = irrelevant

To prevent excess currents in the High-Z (isola-
tion) modes, all I/O terminals should be ter-
minated with 10KQ to 1MQ resistors.
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Family Features: .
s Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
m SCR-Latch-up-resistant CMOS process and circuit design
m Speed of bipolar FAST®/AS/S with significantly
reduced power consumption
m Balanced propagation delays
u AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
u + 24-mA output drive current
- Fanout to 15 FAST® ICs
- Drives 50-ohm transmission lines

®FAST is a Registered Trademark of Fairchild Semiconductor Corp.

OIR J{ 20 vee
a0 4 . 58
ar Y '8 8o
A2 A [ 81
a2 € B2
a2 S 83
a5 LN
a6 12 85
a7 3 '2 8s

anp Y 1 g7
82C5-36830
TERMINAL ASSIGNMENT
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Technical Data
CD54/74AC245
CDS4/74ACT245

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (Vcg) «vvnnn.... e e e e e e e e e e e e e e e e e -05to6V
DC INPUT DIODE CURRENT, lix (for Vi<<=0.5V orVi>Vec + 05 V) oovniiiinn et +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo < -0.5V Or Vo >Vec + 0.5 V) . ooiiee e +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo {for Vo >-05V or Vo <Vec +0.5V) .............. 50 mA
DC Vec or GROUND CURRENT (Ioc OF IGND) « -+« e vve vt te et e et e e e e e e e e e e e e +100 mA*
POWER DISSIPATION PER PACKAGE (Py): v

For Ta=-551t0 +100°C (PACKAGE TYPE E) .....uuivtiiiteitie ettt e e e e e e e 500 mwW

For Ta = +100 to +125°C (PACKAGE TYPE E) Derate Linearly at 8 mW/°C to 300 mW

FOr Ta = -551t0 +70°C (PACKAGE TYPE M) ...\0uuitit ittt e e e e e e 400 mW

For Ta = +70 to +125°C (PACKAGE TYPE M) Derate Linearly at 6 mW/°C to 70 mwW
OPERATING-TEMPERATURE RANGE (Ta): ...oviviiiineennennn,. e e e e e -55to +125°C
STORAGE TEMPERATURE (Tstg) -+« v v ceteeetttete ettt s e e e e e e e -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 = 1/32 in. (1.59 + 0.79 mm) from case for 10 S maximum ..............ooeeneuninnn +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting leadtipsonly ............. +300°C

“ For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:
For maximum refiability, normal operating conditions should be selected so that operation is always within the
following ranges:

CHARACTERISTIC : LIMITS UNITS
MIN. MAX.
Supply-Voltage Range, Vcc*:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 v
) ACT Types . ' 4.5 55
DC Input or Output Voltage, Vi, Vo ) . 0 Vee v
Operating Temperature, Ta ' ’ -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv ’
at 1.5V to 3 V(AC Types) 0 50 ns/V
at 3.6 V to 5.5 V(AC Types) 0 20 ns/V
at 4.5V to 5.5 V(ACT Types) 0 10 ns/V

" “Unless otherwise specified, all voltages are referenced to ground.
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Technical Data

CD54/74AC245

CD54/74ACT245

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C .

CHARACTERISTICS | | o |y 2 (401o+85 | 58104125 | yNirs
(‘\’;) (n'&) M v, [ max, | min | max | v | max.
High-Level Input . 15 1.2 — 1.2 - 1.2 —
Volitage Vin 3 2.1 — 211 . 27 _ Vv
55 | 3.85 — 385 — | 385 -
Low-Level Input 15 — 4 03 — 0.3 — 0.3
Voltage Vi 3 — 09 | — 0.9 — [ o9 | v
55 — 1.65 — 1.65 — | 165
High-Level Output , -0.05 15 | 14 — 14 — 14 —
Voltage Vo |y - 0.05 3 | 29 . 29 | — 29 _
or -0.05 45 | 44 — 44 — 44 —
Vie -4 3 | 258 — 2.48 — 2.4 — Y
-24 45 | 394 — 338 — | a7 —
- % 75 |55 | — — | 385 | — — =
-50 55 — — — — 3.85 —
Low-Level Output 0.05 15 — 0.1 — 0.1 — 0.1
Voltage Vo [y 0.05 3 — 0.1 — 0.1 — 0.1
or 0.05 45 — 0.1 — 0.1 — 0.1
Vi 12 3 — 0.36 _ 044 | — 05 v
24 a5.| — 0.36 — 0.44 — 05
- % 75 55 | — — — 165 | — —
50 55 — — — — — 1.65
| Input Leakage Vec ) B
Current h or 5.5 — +0.1 — +1 . — +1 uA
GND
3-State Leakage Vin
Current loz or
Vie
Vo= 5.5 — | 08 | — +5 — +10 | wA
Vec
or
GND
Quiescent Suppiy Vee
Current, MSI lec or 0 5.5 — 8 — 80 — 160 UA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

* Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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Technical Data

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

CD54/74AC245

CD54/74ACT245

TEST CONDITIONS

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS Ve *25 -4010 +85 5104125 | ynirs
v)
(“’,') ("'&) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input 45
Voltage Vi to 2 — 2 - 2 — v
5.5
Low-Level Input 45
Voltage Vi to — 08 - 08 - 0.8 v
5.5
High-Level Output Vi -0.05 45 | a4 — 44 — 44 —
Voltage Vou | OF 24 |45 | 394 | — [ 38 | — [ 37 | — v
g * -75 55 | — — |38 | — — —
' -50 55 | — — — — | 38 | —
Low-Level Output Vin 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Vo | Vb 24 45 | — Jo3 | — Joa | — 05 |
¢ x 75 55 | — — — 165 | — —
' 50 55 | — — — — — | 165
Input Leakage Vee i
Current I or 55 — +0.1 —_ +1 — +1 MA
GND
3-State Leakage - Vi
-Current . a qu © or
d V'L
Vo = 55 - +0.5 —_ +5 - +10 MA
Vee '
or
GND
Quiescent Supply . Vec
Current, MSI lec or 0 55 - 8 — 80 — 160 | wA
GND . -
Additional Quiescent Supply 45 :
Current per Input Pin - - _ _ _ A
TTL Inputs High Alse Vee-2.1 to 24 28 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm trarismission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT UNIT LOADS*
An, Bn 0.83

OE 0.64

DIR 0.15

*Unit load is Alcc limit specified in Static

Characteristics Chart, e.g., 2.4 mA max. @ 25°C.
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Technical Data

CD54/74AC245
CD54/74ACT245

SWITCHING CHARACTERISTICS: AC Series; 1,, t, = 3 ns, C, = 50 pF

AMBIENT TEMPERATURE (T,) -°C)
CHARACTERISTICS SYMBOL ‘('ff -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX. |
Propagation Delays: teun 15 — 96 — 106
Data to Output tone 3.3* 3.2 10.8 3 11.9 ns
5t 2.2 7.7 21 8.5
Output Disable 15 — 159 - 175
to Output trz 33 4.7 15.9 4.4 175 ns
terz 5 3.7 127 3.5 14
Output Enable 15 — 159 - 175
to Output tra 33 56 19 53 21 ns
tezn 5 37 127 35 14
Power Dissipation Capacitance Cro§ -_ 57 Typ. 57 Typ. pF
Min. (Valley) Von Vonv *
During Switching of Other Outputs See 5 4Typ. @ 25°C \"
(Output Under Test Not Switching) Fig. 1
Max. (Peak) Vo Voup
During Switching of Other Outputs See 5 1Typ. @ 25°C v
(Output Under Test Not Switching) Fig. 1 .
Input Capacitance Ci — - 10 — 10 pF
3-State Output Capacitance Co . — 15 — 15 pF
SWITCHING CHARACTERISTICS: ACT Series; 1, t, = 3 ns, C, = 50 pF
. v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL [ (yy -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: teun
Data to Output tore 5% 27 9.1 25 10 ns
Output Disable t
1o Output t:: 5 37 127 35 14 ns
Output Enable t
‘to Output :::: 5 38 13.1 36 14.4 ns
Power Dissipation Capacitance Cep§ — 57 Typ. 57 Typ. pF
Min. (Valley) Vou Vonv
During Switching of Other Outputs See 5 4Typ. @ 25°C \
(Output Under Test Not Switching) Fig. 1
Max. (Peak) Voo Vorp
During Switching of Other Outputs See - 5 1 Typ. @.25°C )
(Output Under Test Not Switching) Fig. 1
Input Capacitance C — — 10 -— 10 pF
3-State Output Capacitance Co _ — 15 — 15 pF
*33V: min.is@36V
max.is@3V
t5V: min.is@55V
max. is@ 4.5V

§Cro is used to determine the dynamic powér consumption, per channel. -

For AC series: Pp = Vcc” f; (Cro + Cv)

For ACT series: Po = Vec® fi (Cep + Cu) + Viec Alec Where f; = input frequency
C. = output load capacitance

Vee = supply voltage.
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PARAMETER MEASUREMENT INFORMATION

——R————

VoH

OUTPUT
UNDER
TEST

NOTES:

! 1. VoHv AND VoLp ARE MEASURED WITH RESPECT TO A GROUND
REFERENCE NEAR THE OUTPUT UNDER TEST.

. INPUT PULSES HAVE THE FOLLOWING CHARACTERISTICS:

PRA < 1 MHz, t; = 3 ns, i = 3 ns, SKEW 1 ns.

R.F. FIXTURE WITH 700-MHz DESIGN RULES REQUIRED.

IC SHOULD BE SOLDERED INTO TEST BOARD AND BYPASSED

WITH 0.1 4 CAPACITOR. SCOPE AND PROBES REQUIRE

700-MHz BANDWIDTH.

L

92C5-42406

Fig. 1 - Simultaneous switching transient waveforms.

‘ OuTPUT

RL*
50081

DuT
OUTPUT T o8 ps =
P! 50 pF
LOAD :L P
*FOR AC SERIES ONLY: WHEN
Ve =15V, RL=1kQ

9205 -42389

CD54/74AC245
CD54/74ACT245

=3 ns
INPUT LEVEL
- At ———————————————— 90 %
oureur |/ N | ____
DISABLE vs .
_______________ 109%
GNO

vs
__.02V
‘ €CyoL (#GND)

OUTPUT: LOW
TO OFF TO LOW

v zV
OUTPUT: HIGH Fvee OH (£Vce)
vs

TO OFF TO HIGH -——
QUTPUTS OUTPUTS QUTPUTS

ENABLED DISABLED ENABLED

0—Q GND (1PHZ. tpzH)
0—0 OPEN (1PHL. tPLH)

OTHER O 2Vcc (tpLz. tpzu),
INPUTS O—1 pur 500 0° (OPEN DRAIN)
{TIED HIGH l O—{ with AL
ORLOW) | 3-STATE our
OuUTPUT

s000 "
Ry

OUTPUT o
DISABLE

i 92CM-482405
*FOR AC SERIES ONLY: WHEN Vg = 1.5V, Ry = 1 kQ

Fig. 2 - Three-state propagation delay times and test circuit.

t, =6ns 14=6ns

92CS-3847¢
Fig. 3 - Propagation delay times and test circuit.
CD54/74AC |CD54/74ACT
Input Level Vee 3v
Input Switching Voltage, Vs 0.5 Vec 15V
Output Switching Voltage, Vs 0.5 Vec 0.5 Vec
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Technical Data

CD54/74AC251
CD54/74ACT251

Advance Information

8-Input Multiplexer, 3-State

6ns@ Vec=5V, Ta=25°C, CL=50 pF

3-STATE.
OISABLE OF
l 7
o= -
1, =
2]
CHANNEL I3—
INPUTS 1443 L5 )
144 ourputs  Type Features:
6 — .
16— — ¥ w Buffered inputs
2 u Typical propagation delay:
S0~
- {s. o]
SELECT )
S2 — 92CS - 36984
FUNCTIONAL DIAGRAM

The RCA CD54/74AC251 and CD54/74ACT251 8-input mul- ‘

tiplexers use the RCA ADVANCED CMOS technology. This
multiplexer features both true (Y) and complement (Y) out-
puts as well as an Output Enable (OE) input. The OE must
be at a LOW logic level to enable this device. When the OE
input is HIGH, both outputs are in the high-impedance
state. When enabled, address information on the data select
inputs determines which data input is routed to the Y and Y
outputs. ’

The CD74AC251 and CD74ACT251 are supplied in 16-lead
dual-in-line plastic packages (E suffix) and in 16-lead dual-
in-line small-outline plastic packages (M suffix). Both pack-
age types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C);
and Extended Industrial/Military (-55 to +125°C).

The CD54AC251 and CD54ACT251, available in chip form
(H suffix), are operable over the -55 to +125°C temperature
range.

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
SCR-Latchup-resistant CMOS process and circuit design
Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
Balanced propagation delays
AC types feature 1.5-V to 6.5-V operation,and balanced
noise immunity at 30% of the supply
+ 24-mA output drive current
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE

INPUTS OUTPUTS
SELECT OUTPUT _ Y ¥
S$2 S1 SO ENABLE OE )
X X X H z z
L L L L lo lo
L L H L h h
L H L L l2 l2
L H H L la Is
H L L L la la
H L H L Is Is
H H L L ls le
H H H L iz 7

H = High logic level X = Irrelevant

L = Low logic level

Z = High impedance (off)

lo, l1 . . . Iz = The level of the respective input
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Technical Data

CD54/74AC251

CD54/74ACT251
MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE (VCC) + .ttt tnttttttteie ettt e e e e e e e e e et e e e e e e -05t06V
DC INPUT DIODE CURRENT, li (for Vi< =05V orV,>Vec +0.5V) oo, +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-05V orVo>Vec +0.5V) oouviniiniiniin i, +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-05V orVo<Vec +05V) .............. +50 mA
DC Vec or GROUND CURBENT (o OF JGND) + -« -« vt e e et e ettt et e et et e e e et e e e et +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):
For Ta=-5510 +100°C (PACKAGE TYPE E) ....intitiitit ettt 500 mw
For Ta=+100t0 +125°C (PACKAGE TYPEE) .......iiiiiiiiiiiiiiinannnn. Derate Linearly at 8 mW/°C to 300 mW
FOr Ta=-5510 +70°C (PACKAGE TYPE M) .. ..ottt e et et e e et 400 mW
For Ta=+70t0 +125°C (PACKAGE TYPEM) ...ttt Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta) "t .outrttiie ittt e et e e e e et et -55to +125°C

STORAGE TEMPERATURE (Tstg) «ovvvvnvnnnn... e e e e e e -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 + 1/32 in. (1.59 £ 0.79 mm) from case for 10 S Maximum ...........ouiueeeunenneeaannnnnnn, +265°C
Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly .............. +300°C
*For up to 4 outputs per device; add + 25 mA for each additional output. ‘

RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

LIMITS
CHARACTERISTICS UNITS
MIN. MAX.
Supply-Voltage Range, Vcc*:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 v
ACT Types 4.5 5.5 \
DC Input or Output Voltage, V), Vo 0 Vee \
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5 V to 3 V (AC Types) 0 50 ns/V
at 3.6 Vto 5.5 V (AC Types) 0 20 ns/V
at4.5 Vto 5.5 V (ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.

I3 ‘_—‘VT_‘.G_ Vee
2 _2_ ‘_5. lgq
2 LI
IQL E‘G
vy 3] 12y,

v & 1 o

of 112 54
anp - 12 52

92CS-36831
TERMINAL ASSIGNMENT
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Technical Data
CD54/74AC251
CD54/74ACT251

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS o
CHARACTERISTICS Ve +25 -40 to +85 55104125 | ynirs
V)
v, o | ¢
MIN. | MAX. IN. . 5 .
™) (mA) AX MIN. | MAX MIN MAX
High-Level Input 15 1.2 — 1.2 — 1.2 —
Voltage Vin 3 2.1 - 2.1 — 2.1 — \"
: 55 3.85 - 3.85 — 3.85 —
Low-Level Input 1.5 —_ 0.3 — 0.3 — 0.3
Voltage Vi 3 —_ 09 —_ 0.9 — 0.9 \"
55 — 1.65 —_ 1.65 — 1.65
High-Level Output . -0.05 1.5 14 — 14 — 1.4 —_
Voltage Vou |y 0.05 3 | 29 | — | 20 | — | 20 | —
or -0.05 45 44 — 44 — 4.4 —
Vi -4 3 2.58 — 248 — 24 — \
-24 45 3.94 — 38 —_ 37 —
- l -75 55 | — — | 38 | — . —
. -50 55 — — _ - 3.85 .
Low-Level Output 0.05 15 -— 0.1 —. 0.1 — 0.1
Voltage Vou | vy 0.05 3 — 0.1 — 0.1 — 0.1
or 0.05 45 — 0.1 — 0.1 — 0.1
Vi 12 3 — 0.36 —_ 0.44 - 05 \Y
24 45 — 0.36 - 0.44 — 0.5
8 * 75 55 — — — 165 | — —
, 50 55 — — — — — 1.65
Input Leakage Vee
Current Iy or 5.5 —_ +0.1 — +1 — +1 LA
1 GND
3-State Leakage Vin
Current loz or
Vi 55 — +0.5 — 5 — +10 LA
Vo =
Vee
or
GND
Quiescent Supply Vee
Current, MSI| lec or 0 55 — 8 — 80 — 160 HA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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Technical Data

CD54/74AC251

STATIC ELECTRICAL CHARACTERISTICS: ACT Series Ce . .
A ' . i AMBIENT TEMPERATURE (T,) - °C 1
. TEST CONDITIONS - : !
CHARACTERISTICS : 1 Vee 25 ~40to +85 55104125yt
. V) - : ]
v, I A
, ™) (mA) ; MIN. | MAX. | MIN. | MAX. MIN_. MAX.
High-Level Input ' 4.5 . )
Voltage Vi |- to 2 — 2 — 2 — |V
, 55 : .
Low-Level Input 45
Voltage Vi - to — 0.8 — 0.8 — 08 \%
. . 5.5 ]
High-Level Output \QF -0.05 45 44 — 44 — 44 —
Voltage . Vou Vit 24 45 | 394 — 38 — |37 —
. : \
- { -75 55 | — — 3.85 — — —
-50 5.5 — — = — 3.85 -
Low-Level Output Vin 0.05 45 | — 0.1 - 0.1 — .01
Voitage VoL, or -
: 1w 24 45 | — (03 | — | 044 | — 05 v
4 * ‘ 75 55 | — — — 165 | — —
50 | 55 — — — — — 1.65
Input Leakage Vee ) .
Current -~ - - N or 55 — +0.1 — +1 — +1 A -
. GND -
3-State Leakage. “ Vi -
Current ) loz - or:
B VIL
Vo= 5.5 — | £05 —_ +5 - +10 MA
Voc -
‘or
GND
" Quiescent Supply Vee _
Current, MSI dec or -+ 0 55 - 8 - 80 | — 160 HA
) ) GND
Additional Quiescent Supply . 45
Current per Input Pin . . _ y _ _ '
TTL Inputs High Alg | Vo2 1o 24 28 3 mA
1 Unit Load 5.5

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE
INPUT UNIT LOAD*
80, 81,83 1
OE 1
lo-t 1

*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 2.4 mA max. @ 25°C.
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Technical Data

CD54/74AC251
CD54/74ACT251

SWITCHING CHARACTERISTICS: AC Series; 1, t, = 3 ns, C_ = 50 pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (6; <40 to +85 i -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: trun 15 — 153 — 169 '
Data to Y Output tenL 3.3* .49 17.2 4.7. 18.9 ns
) ) 5t 3.5 12.3 3.4 13.5
Data to ¥ Output teum 15 - 169 — 186
’ tons 3.3 5.4 19 5.2 20.9 ns
5 3.8 13.5 3.7 14.9 .
Select to Y Output o 15 . 207 —_ 228
tom 33 6.6 232 6.4 255 ns
5 4.7 16.5 4.6 18.2
Select to Y Output tru 15 - 223 — 245
torn 33 7.1 249 6.9 27.4 ns
B 5 - 51 17.8 49 19.6
Output Enable and tezn _ _
Output Disable to tezi ;g 5.0 11 3 57 5.1 ;g% . ns
Output teuz 5 35 123 3.4 135
tez
Power Dissipation Capacitance Cro$§ — 120 Typ. 120 Typ. pF
Input Capacitance Ci — — 10 — 10 pF
3-State Output Capacitance Co — — 15 — 15 pF

*33V:min.is@36V

'§Cep is used to determine the dynamic power consumption, per device.

max.is@3V Po = Vec? 1 (Cro + Gu) where f; = input frequency
X i C. = output load capacitance
t5V: min is@55V — i
max. is @ 4.5V Vee = supply yoltage.
SWITCHING CHARACTERISTICS: ACT Series; t, t, = 3 ns, C_= 50 pF
] ) AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘("‘;f -40 to +85 -55 to +125 UNITS
) MIN. MAX. ‘MIN. MAX.
Propagation Delays: t )
Data to Y Output g 5t 35 123 34. 135 ns
Data to Y Output
o 5 38 135 3.7 14.9 ns
Select to Y Output toun
torn 5 47 16.5 46 18.2 ns
Select to Y Output
o 5 5.1 17.8 49 19.6 ns
Output Enable and tezn
Output Disable to teze 5 35 12.3 3.4 135 ns
Output tenz )
tez .
Power Dissipation Capacitance Cro§ — 120 Typ. 120 Typ. v pF
Input Capacitance Ci — — - 10 — 10 pF
3-State Output Capacitance Co — — 15 — 15 pF

5 V: min.is @ 5.5V
max.is@4.5V
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§Cro is used to determine the dynamic power consumption, per device.
Po = Vec? fi (Cep + CL) + VecAlee where  fi = input frequency

C. = output load capacitance
Vce = supply voltage.




OUTPUT
DISABLE

QUTPUT: LOW
TO OFF TO LOW

QUTPUT: HIGH
TO OFF TO HIGH

OUTPUTS
ENABLED

Technical Data

CD54/74AC251
CD54/74ACT251

INPUT LEVEL

OUTPUTS

DISABLED

OTHER g
INPUTS ouT

CvoL (£GND)

Von (#Vcc)

I OUTPUTS
ENABLED

0—Q GND (1pHZ, tpZH)

—Q OPEN (1pHL. tPLH)

2Vcce (tpLz, tPzL),

500 Q* (OPEN DRAIN)
(TIEDHIGH ) O—{ wITH RL
OR LOW) 3-STATE out
% ouTPUT .
500 (2
OUTPUT A
o1sasLe O

tr=3ns [ tg =3ns

INPUT LEVEL
OUTPUT

RL*

5000 ) -
our ; : INVERTING r-f———v
OUTPUT T o8 i~
50 . '
LOAD .1: ® PLH

*FOR AC SERIES ONLY: WHEN
Vec=15V,RL =1k

NON - INVERTING
OQUTPUT ¥

92¢s-42389
teHL
92C5-42653
Fig. 2 - Propagation delay times and test circuit. .
CD54/74AC |CD54/74ACT

Input Level Vee 3V

input Switching Voltage, Vs 0.5 Vee 15V

Output Switching Voltage, Vs 0.5 Vec 0.5 Vec
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Technical Data _ :
CD54/74AC253
CD54/74ACT253

Advance Information

o
N ] .
o Dual 4-Input Multiplexer, 3-State
11g 4| SEL/MUX Ty . .
1132 Type Features: - :
14 u Buffered inputs .
So 1 m Typical propagation delay:
s1-2 6.3ns @ Voo =5 V, Ta=25°C, CL =50 pF
21010
1
217, seLmux |2 —2v
::: 13 GND - 8
Vec =16
BES ] scsanem
FUNCTIONAL DIAGRAM

The RCA CD54/74AC253 and CD54/74ACT253 dual 4-input
multiplexers use the RCA ADVANCED CMOS technology.
One of the four sources for each section is selected by the
common Select inputs, SO and S1. When the Output Enable
(10E or 20E) is HIGH, the output is in the high-impedance
state.

The CD74AC253 and CD74ACT253 are supplied in 16-lead .-

dual-in-line plastic packages (E suffix) and in 16-lead dual-
in-line small-outline plastic packages (M suffix). Both. pack-
age types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C);
and Extended Industrial/Military (-55 to +125°C).

The CD54AC253 and CD54ACT253, available in chip form
(H suffix), are operable over the -55 to +125°C temperature
range.

‘= Balanced propagation delays

Family Features:
m Exceeds 2-kV'ESD Protection - MIL-STD-883,
Method 3015
m SCR-Latchup-resistant CMOS process and circuit design
m Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
m AC types feature 1.5-V to 5.5-V operation and balanced
rioise immunity at 30% of the supply
» * 24-mA output drive current
' - Fanout to 15 FAST" ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE
SELECT ENABLE
‘INPUTS DATA INPUTS INPUTS | OUTRUT
S1 S0 |nl, nl, nl, nl nOE nY '
X X | X X X X H z
L Ll x x x L L
L L|H Xx x X L H
L HlX L x X L L
L HlXxX H x x L H
H L|X x L X L L
H L|X X H X L H
H HIX X X L L L
H HJ|X X X H L H

Select inputs S1 and SO are common to both sections.

H = High level

L =Low level

X = Don't care

Z = High impedance
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Technical Data
CD54/74AC253
CD54/74ACT253

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (Vo) «vvnvvnn..... TR T -05t06V
DC INPUT DIODE CURRENT, Ii (for Vi<-05V orVi>Voc +0.5V) ..o +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-0.5V Or Vo >Vec + 0.5 V) .. +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-05V or Vo <<Vec + 05 V) ................ +50 mA
DC Vec or GROUND CURRENT (166 OF IGND) -+« + « v v e e e e e ttaaaeee e e e e et e e e e e e e e +100 mA*

POWER DISSIPATION PER PACKAGE (Py):
For Ta = -55 to +100°C (PACKAGE TYPE E)

.............................................................. 500 mW
For Ta = +100 to +125°C (PACKAGE TYPE E)

................................. Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +70°C (PACKAGE TYPE M) .. ...ttt e, 400 mw
For Ta=+7010 +125°C (PACKAGETYPEM) ......c...ioiuiinnennanann., Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA) - -ttt ettt et e e et e, -55 to +125°C
STORAGE TEMPERATURE (Tstg) .« .. eettiettiine ettt sttt e et -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 + 1/32 in. (1.59 £ 0.79 mm) from case for 10 S MaximMuM ............oveernneeee . +265°C
Unit inserted into PG board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tips only ............... +300°C
_"For up to 4 outputs per device; add + 25 mA for each additional output. '
' RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:
CHARACTERISTIC LIMITS UNITS
. MIN. MAX.
Supply-Voltage Range, Vcc*:
(For Ta = Full Package-Temperature Range) .
AC Types 15 55 v
) ACT Types 45 55
DC Input or Output Voltage, Vi, Vo 0 Vee \
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv :
at 1.5V to 3V (AC Types) 0 50 ns/V
at3.6 Vto 5.5V (AC Types) : 0 20 ns/V
at4.5Vto 5.5V (ACT Types) 0 10 ns/V

“Unless otherwise specified, all voltages are referenced to ground.

e 4 lﬁ vee

St 24 H2 558

13 2 P4 5o

1y 24 P2 213

0 - 112 215

19 8} }.ﬂ 214

1w 7] 119 219
GND _8] |9 2y

[r—
TERMINAL ASSIGNMENT
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Technical Data

CD54/74AC253

CD54/74ACT253

STATIC ELECTRICAL CHARACTERISTICS: AC Series

TEST CONDITIONS

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS Vee +25 -40 to +85 55104125 | \\iro
v, I V) ]
N. AX. | MIN. o R .
) (mA) Ml M IN. | MAX. | MIN MAX
High-Level Input 1.5 1.2 — 1.2 — 1.2 —
Voltage Vi 3 | 21 1 21 — | 21 — v
55 3.85 — 3.85 — 3.85 —
Low-Level Input 15 — 0.3 - 03 — 0.3
Voltage Vie 3 | — |09 | — | o9 | — | o9 v
5.5 _— 1.65 —_ 1.65 — 1.65
High-Level Output -0.05 15 1.4 — 1.4 — 1.4 —
Voltage Vou |y, -0.05 3 | 29 | — | 29 | — | 20 | —
or -0.05 45 4.4 —_ 4.4 — 4.4 -
Vi -4 3 258 — 2.48 — 24 — \
-24 45 | 394 — 38 | — 37 —
4 > l -75 55 — — 3.85 — — —
-50 55 — — — — 3.85 —
Low-Level Output 0.05 15 — 0.1 — 0.1 — 0.1
Voltage Vo |y, 0.05 3 — | o1 — | o1 — 0.1
or 0.05 45 — 0.1 — 0.1 — 0.1
Vi 12 3 —_ 0.36 — 0.44 —_ 0.5 \'
24 45 — 0.36 — 0.44. — 0.5
4+ 75 55 — — — 1.65 — —
50 55 - — — — — 1.65
Input Leakage Vec
Current Iy or 55 — +0.1 - +1 — +1 LA
GND
3-State Leakage Vin
Current loz or
Vi
Vo= 55 — +05 — +5 — +10 uA
Vee
or
GND
Quiescent Supply Vee
Current, MS} lcc or 0 55 — 8 — 80 — 160 MA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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Technical Data

CD54/74AC257, CD54/74AC258
CD54/74ACT257, CD54/74ACT258

Advance Information

Quad 2-Input Multiplexer with

2 257 258

1o == 3-State Outputs
2o 7] v CD54/74AC/ACT257 - Non-Inverting Outputs
" : o 5 CD54/74AC/ACT258 - Inverting Outputs
ill: : 4y 4y B
aly —

s 92¢5-42562 Type Features:

o€ m Buffered inputs

m Typical propagation delay:- :
FUNCTIONAL DIAGRAM 44ns @ Vcc =5V, Ta=25°C, CL=50pF

The RCA-CD54/74AC257 and CD54/74AC258 and the
CD54/74ACT257 and CD54/74ACT258 are quad 2-input
multiplexers with 3-state outputs. These devices use the
RCA ADVANCED CMOS technology. Each of these devices
selects four bits of data from two sources under the control
of a common Select input (S). The Output Enable (OE)_is
active LOW. When OE is HIGH, all of the outputs (Y or Y)
are in the high-impedance state regardless of all other input
conditions.

Moving data from two groups of registers to four common
output buses is a common use of the CD54/74AC/ACT257
and CD54/74AC/ACT258. The state of the Select input
determines the particular register from which the data
comes. The CD54/74AC/ACT257 and CD54/74AC/ACT258
can also be used as function generators.

The CD74AC/ACT257 and CD74AC/ACT258 are supplied in
16-lead dual-in-line plastic packages (E suffix) and in 16-
lead dual-in-fine small-outline plastic packages (M suffix).
Both package types are operable over the following tempera-
ture ranges: Commercial (0 to 70°C); Industrial (-40 to
+85°C); and Extended Industrial/Military (-55 to +125°C).

The CD54AC/ACT257 and CD54AC/ACT258, available in
chip form (H suffix), are operable over the -55 to +125°C tempera-
ture range.
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Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
u SCR-Latch-up-resistant CMOS process and circuit design
m Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
m Balanced propagation delays
® AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply '
B 1 24-mA output drive current
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

FUNCTION TABLE
Output Select Data 257 258
Enable Input Inputs Outputs | Outputs
OE S [ [ Y Y
H X X X z z
L L L X L H
L L H X H L
L H Xl L L H
L H X H H L

H = High level voltage

L = Low level voitage

Z = High impedance (off) state.
X = Don’t care

File Number 1955




Technical Data

CD54/74AC253
CD54/74ACT253
tr=3ns —!.T =T r=3ns INPUT LEVEL

QUTPUT
DISABLE

OUTPUT: LOW
TO OFF TO LOW

___ Vs
__o02v
€CvoL (£GND)

Vi zV,
OUTPUT: HIGH OH {#Vee)

TO OFF TO HIGH

OUuTPUTS OUTPUTS
ENABLED DISABLED

OuUTPUTS
B ENABLED

o0—Q GND (tpHZ. tpzH)

’%

0—0 OPEN (tpHL. tPLH)
OTHER o 2Vcc (tPLz. tpzL).
INPUTS O— opur S00Q°  (OPEN DRAIN)
(TIEDHIGH § O——  wiTn Ru
oRLOW | o 3-STATE —O our
. OUTPUT
500 2
ouTPUT AL
DISABLE
92CM-42405

*FOR AC SERIES ONLY: WHEN Vee =15V, RL = 1kQ

Fig. 1 - Three-state propagation delay waveforms and test circuit.

te=3ns — ouTPUT
PV ] e
7 5008 -
IO0RS put
oUTPUT T oS p =
50 pF
OUTPUT Y LOAD ;—-[
“FOR AC SERIES ONLY: WHEN
'PLH—’\ Vee=15V,RL = 1 k2
92C5-42389
92Cs$-42611
Fig. 2 - Propagation delay times and test circuit.
CDS54/74AC |CD54/74ACT
input Level Vee 3V
Input Switching Voltage, Vs 0.5 Vee 1.5V
Output Switching Voltage, Vs 0.5 Ve 0.5 Ve
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Technical Data
CD54/74AC253
CD54/74ACT253

SWITCHING CHARACTERISTICS: AC Series; t, t, = 3 ns, C_ = 50 pF

. v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS : SYMBOL &f -40 to +85 -55 to +125 UNITS
 MIN. MAX. MIN. MAX.
Propagation Delays: N 15 . 227 — 250
S0,S1,t0 Y t”“‘ 33 72 25 7 28 ns
A Y 52 18.2 5 20
nitoY t 1.5 — 151 — 166
t””‘ 33 48 16.9 47 18.6 ns
e 5 34 12.1 33 - 133
Output Enable, tez
! 15 — 131 — 144
Output Disable 1o Y tpuz 33 45 15.7 43 17.3 ns
P 5 3 10.5 29 115
tezn
Power Dissipation Capacitance Cro§ —-— 107 Typ. 107 Typ. pF
Input Capacitance Ci — — 10 — 10 pF.
3-State Output Capacitance Co — — 15 — 15 pF
*33V: min.is@36V ; §Crp is used to determine the dynamic power consumption, per multiplexer.
max.is@3V Po = Vec? i (Ceo.+ Cu) where ;= input frequency
15V: min.is @55V VC.. = outplljt loaI;d capacitance
max. is @ 4.5 V cc = Supply voltage.

SWITCHING CHARACTERISTICS: ACT Series; t, t, = 3 ns, C,_ = 50 pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (“,’f -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX. ’
Propagation Delays: b . .
S0, St,to Y tPLH 5t 57 20 55 22 ns
PHL
nitoY teun 5 46 16.4 45 18 ns
ter
Output Enable, terz
Output Disable to Y tenz 5 32 15 32 126 - ns
tez
tezn
Power Dissipation Capacitance Ceo§ — 107 Typ. 107 Typ. pF
Input Capacitance Ci - — 10 — 10 pF
3-State Output Capacitance Co — — 15 . - 15 - pF
¥5V: min.is@55V §Ceop is used to determine the dynamic power consumption, per multiplexer.
max. is @ 4.5V Pp = Vce? fi (Cro + Cu) + VecAlee where  f; = input frequency

C. = output load capacitance
Vce = supply voltage.
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STATIC ELECTRICAL CHARACTERISTICS: ACT Series

Technical Data

CD54/74AC253

CD54/74ACT253

AMBIENT TEMPERATURE (T,) -
TEST CONDITIONS
CHARACTERISTICS Ve *25 ~40to +85 55104125 | 0y
v, 1 v)
v) (mA) MIN. [ MAX. | MIN. [ MAX. | MIN. | MAX.
High-Level Input 45
Voltage Vin to 2 — 2 — 2 — '
, 55
Low-Level Input 45
Voltage Vi to — 08 — 08 - 08 v
55 ’
High-Level Output Vin -0.05 45 4.4 — 44 - 4.4 —
Voltage Vou | 7 24 |45 | 394 | — |38 | — | a7 | — v
- ‘ -75 5.5 — — 3.85 — — —
' -50 55 | — — — — [ a8 | —
Low-Level Output Vi 0.05 45 - 0.1 — 0.1 — 0.1
Voltage Vou | v 24 [a5 | — |o3 | — [osa | — [ 05 | v
4 * ‘ 75 55 — — — 1.65 — —
, ' 50 55 | — — — — — | 165
Input Leakage Vee
Current I or 55 — +0.1 — +1 — +1 uA
GND
3-State Leakage Viu
Current loz or
Vi .o -
Vo= 55 - +0.5 —_ +5 — +10 uA
Vec
or
GND
Quiescent Supply Vee
Current, MSi lec or 0 5.5 — 8 — 80 - 160 HA
GND
Additional Quiescent Supply 45
Current per Input Pin - iy - _ _ n
TTL Inputs High Alcc Vee-2.1 5“2; 24 28 3 mA
1 Unit Load )

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT UNIT LOAD*
S0, S1, nlo, nk 1
nOE 0.83

*Unit load is Alcc limit specified in Static Characteristics
Chart, e.g., 2.4 mA max. @ 25°C.
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Technical Data

CD54/74AC257, CD54/74AC258
CD54/74ACT257, CD54/74ACT258

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VCC) ...ttt i e e e e -05to6V
DC INPUT DIODE CURRENT, I (for V, < -0.5 V or V, > Vec + 0.5 V) +20 mA
DC OUTPUT DIODE CURRENT, lok {for Vo <-05V orVo>Vec +05V) ...ovvoon..... O +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo > -0.5 V or Vo < Veg + 0.5 V) o +50 mA
DC Vec of GROUND CURRENT {lcg OF IGND) - - -+ -« vvvvveeeeeete et e e e e +100 mA*
POWER DISSIPATION PER PACKAGE (Po):

For Ta=-5510 +100°C (PACKAGE TYPE E) . .....\uuiiitii e e 500 mW

For Ta= +100 10 +125°C (PACKAGE TYPEE) .......couineeieaaaanannnnn, Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +70°C (PACKAGE TYPE M) . ...ooiuuiiii ittt e e e, 400 mW

For Ta= 17010 +125°C (PACKAGE TYPEM) .......coouiininiiiinaaannn, Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta) vttt ettt e et e et -55 to +125°C
STORAGE TEMPERATURE (Tatg) -« v vttt ittt ettt et e et e e e e, -65to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32 in. (1.59 + 0.79 mm) from case for 10 s Maximum ...............oeureerneeei, +265°C

Unit inserted.into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............... +300°C

“For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
tollowing ranges:

CHARACTERISTICS LIMITS UNITS
MIN. MAX.
Supply-Voltage Range, Vec*:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 v
ACT Types 45 55 \"
DC Input or Output Voltage, V,, Vo 0 Vee v
Operating Temperature, Ta ’ -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5 V to 3 V(AC Types) 0 50 ns/V
at 3.6 V to 5.5 V(AC Types) 0 20 ns/V
at 4.5V to 5.5 V(ACT Types) ' ’ 0 10 ns/V
*Unless otherwise specified, all voltages are referenced to ground.
TERMINAL ASSIGNMENT DIAGRAMS
Vee -/
1 16
3 s — —vecc
a1y 10— ' 15 &
4 ) 19 —3] 114 410
ay 7 —4 AEEPH
3o 219 —5 112 2y
:IY' 21y —3- RANFN
2Y T 1o 31
92CS-38420R! aNp—2 12 3%
92Cs-39815
CD54/74AC/ACT257 CD54/74AC/ACT258
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Technical Data

CD54/74AC257, CD54/74AC258
CD54/74ACT257, CD54/74ACT258

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C

TEST CONDITIONS
CHARACTERISTICS Veo 25 -40 1o +85 55104125 | ynits
V)
M o O T win. [ max. | miv. | ma
N . . X. | MIN. MAX.
V) (mA)
High-Level Input 15 1.2 — 1.2 — 1.2 —
Voltage Vi 3 21 — 2.1 — 21 — v
55 3.85 — 3.85 — 3.85 -
Low-Level Input 15 — 0.3 — 0.3 — 03
Voltage Vi 3 — 09 — 09 — 09 v
5.5 — 1.65 — 1.65 — 1.65
High-Level Output -0.05 1.5 1.4 —_ 1.4 — 1.4 —
Voltage Vou |y, -0.05 3 2.9 — 29 — 29 —
or -0.05 45 4.4 — 4.4 — 4.4 —
Vi -4 3 2.58 — 248 — 24 — \
-24 45 3.94 —_ 3.8 —_ 3.7 —_
- { -75 5.5 — — 3.85 — — —
-50 55 —_ —_ — — 3.85 —
Low-Level Output 0.05 15 — 0.1 — 0.1 — 0.1
Voltage Voo |y, 0.05 3 — 0.1 — 0.1 — | o1
or 0.05 45 — 0.1 — 0.1 — 0.1
' 12 3 — 0.36 — 0.44 — 0.5 \"
24 45 —_ 0.36 — 0.44 - 0.5
4 * l 75 55 — — — 1.65 — —
50 5.5 — - — —_ — 1.65
Input Leakage Vee
Current i or 55 — +0.1 — +1 — +1 HA
GND
3-State Leakage Vin
Current loz or
Vi
Vo= 5.5 - +05 — +5 —_ +10 UA
Vee
or
GND
Quiescent Supply Vee
Current, MSI loc or 0 5.5 — 8 — 80 — 160 MA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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Technical Data

CD54/74AC257, CD54/74AC258
CD54/74ACT257, CD54/74ACT258

STATIC ELECTRICAL CHARACTERISTICS: ACT Series .

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS i .
CHARACTERISTICS Vee 125 40to +85 55104125 | it
v, I v)
IN. | MAX. N . K .
) (mA) M AX MIN MAX MIN MAX
High-Level Input 45
Voltage Vin . to 2 — 2 — 2 — \
5.5
Low-Level Input 4.5
Voitage Vi to — 0.8 — 0.8 — 0.8 \
55
High-Level Output Vi -0.05 45 44 — 4.4 - 44 —
Voltage Vo or 24 45 | 304 | — 38 ~ 37 —
Vi . d : \
2 l -75 55 | — — |38 [ — — —
-50 5.5 — — — — 3.85 —
Low-Level Output Vin 0.05 a5 —_ 0.1 = 0.1 — 01
Voltage Vou or
Vi 24 45 - 0.36 — 0.44 — 05 v
4 * l 75 5.5 — — — 1.65 — —
50 5.5 - — — — — 1.65
Input Leakage Vee
Current I or 5.5 — +0.1 — +1 — +1 HA
GND
3-State Leakage Vin
Current loz or
Vie
Vo= 55 - 105 — +5 - +10 uA
Vec
or
GND
Quiescent Supply Vee . )
Current, MSI : lec or 0 55 — 8 — 80 — 160 uA
GND
Additional Quiescent Supply 45
Current per Input Pin iy _ _ _
TTL Inputs High Alge | Vo2 < 24 28 8 mA
1 Unit Load 5

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltaée to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE
INPUT UNIT LOAD*
Data 0.83
S 1.27
OE 1.27

"Unit load is Alcc limit specified in Static Characteristics
Chart, e.g., 24 mA max. @ 25°C.
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Technical Data

CD54/74AC257, CD54/74AC258
CD54/74ACT257, CD54/74ACT258

SWITCHING CHARACTERISTICS: AC Series; t, t, = 3ns, C,_= 50 pF

\'/

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS SYMBOL &f -40 to +85 -55 to +125 UNITS
‘ MIN. MAX. MIN. MAX.
Propagation Delays: b 15 — 106 — 117
IhtoY 257 o 33 33 11.8 33 13 ns
PHL 5t 24 85 23 9.3
StoY 15 — 153 — 168
' 257 teLm 33 48 17.1 47 18.8 ns
temL 5 35 12.2 34 13.4
OEtoY .
OEto - v 15 - 167 — 184
t 33 53 18.7 5.2 20.6 ns
o 5 38 134 37 147
PZH
Into ¥ 15 — 91 — 100
258 teLm 33 29 10.2 238 11.2 ns
tewe 5 2.1 7.3 2 8
StoY 15 — 153 — 168
258 teLn 33 48 17.1 47 18.8 ns
tere 5 35 12.2 34 13.4
OEtoY 258 tha 15 — 167 - 184
t:;'f 33 5.3 18.7 5.2 20.6 ns
t 5 38 13.4 37 14.7
PZH
Power Dissipation Capacitance Cro$§ — 130 Typ. 130 Typ. pF
Input Capacitance Ci —_ . 10 — 10 pF
3-State Output Capacitance Co — — 15 — 15 pF
SWITCHING CHARACTERISTICS: ACT Series; t, t, = 3 ns, C_= 50 pF
v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL &f -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: - t
lntoY 257 b 5t 2.8 9.7 2.7 107 ns
PHL
Stoy 257 teun 5 4 14 39 15.4 ns
teHL -
OEtoY teLz
257 tenuz 5 4.1 14.6 4 16.1 ns
tezL
tezn
lnto ¥ 258 teun 5 2.4 85 23 93 ns
teHe
StoY 258 ten 5 4 14 3.9 15.4 ns
trHL
OEtoY terz
258 e 5 41 14.6 4 16.1 ns
tezm
Power Dissipation Capacitance Cro§ — 130 Typ. 130 Typ. pF
Input Capacitance Ci —_ — 10 — 10 pF
3-State Output Capacitance Co — — 15 — 15 pF

*33V: min.is@36V
max.is@3V
min. is@55V
max. is @45V

15 V:
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§Cro is used to determine the dynamic power consumption per multiplexer.
For AC Series: Po = Ceo Vo(;2 fi+ Z(CL Vcczfo)
For ACT Series: Po = CroVec® fi + X (CuVec® fo) + Ve Alcc

where f; = input frequency
fo = output frequency

C. = output load capacitance

Vce = supply voltage.




t4=3ns

OUTPUT
DISABLE

OUTPUT: LOW

TO OFF TO LOW

QUTPUT: HIGH

Technical Data

CD54/74AC257, CD54/74AC258
CD54/74ACT257, CD54/74ACT258

INPUT LEVEL

VoL (£ GND)

v, v,
oavee oM (£Vce)
TO OFF TO HIGH Vs
OUTPUTS OUTPUTS I OUTPUTS
ENABLED DISABLED "~ ENABLED
o—() GND (tpHZ. tpzH)
0—0 OPEN (1pHL, tpLH)
OTHER O 2vcee (tpez, tezu),
INPUTS O—1 opur 500 Q* (OPEN DRAIN)
(TIEDHIGH } O——  wITH RL
OR LOW) 0 3-STATE ourt
OuTPUT
500 Q)"
OUTPUT
DISABLE

*FOR AC SERIES ONLY: WHEN Vce = 1.5V, R =1 kQ

92CM-42405

Fig. 1 - Three-state propagation delay waveforms and test circuit.

tr=3ns —
INPUT LEVEL
s X——-'— ———Vg nig.nly, S _
tpLH——] tPLH
Ve —
92CS-39819 s

Fig. 2 - Select to output propagaton delays (AC/ACT258).

OUTPUT

TS e
OUTPU 50 pF
LOAD -:L P

*FOR AC SERIES ONLY: WHEN
Vec=15V,RL =1k

92C$-42389

Fig. 4 - Test circuit.

92C5-42561

Fig. 3 - Inputs or select to output propagation delays (AC/ACT257).

CD54/74AC |CD54/74ACT
Input Level Vee 3v
Input Switching Voltage, Vs 0.5 Vee 15V
Output Switching Voltage, Vs 0.5 Vee 0.5 Vee
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Technical Data

CD54/74AC273
CD54/74ACT273

Octal D Flip-Flop with Reset

CLOCK
P
00— —20Q0
o1 — —oi
02— ——02
pata _| 03— —a3 DATA
INPUTS p— —
:: _‘ — :: OUTPUTS Type Features:
06— —o6 m Buffered inputs
07 i a7 s Typical propagation delay:
_I 65ns@ Vec=5V, Ta=25°C, CL =50 pF
RESET WR 92CS-36976R2
FUNCTIONAL DIAGRAM

The RCA CD54/74AC273 and CD54/74ACT273 are octal D
flip-flops with reset that use the RCA ADVANCED CMOS
technology. Information at the D input is transferred to the
Q output on the positive-going edge of the clock pulse. All
eight flip-flops are_controlled by a common clock (CP) and
a common reset (MR). Resetting is accomplished by a low
voltage level independent of the clock.

The CD74AC273 and CD74ACT273 are supplied in 20-lead
dual-in-line plastic packages (E suffix) and in 20-lead dual-
in-line small-outline plastic packages (M suffix). Both pack-
age types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C);
and Extended Industrial/Military (-55 to +125°C).

The CD54AC273 and CD54ACT273, available in chip form
(H suffix), are operable over the -55 to +125°C temperature
range.

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
w SCR-Latchup-resistant CMOS process and circuit design
m Speed of bipolar FAST®/AS/S with significantly
reduced power consumption
m Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
m + 24-mA output drive current
- Fanout to 15 FAST® ICs
- Drives 50-ohm transmission lines

®FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE (EACH FLIP-FLOP)

INPUTS OUTPUTS
RESET CLOCK DATA
(MR) CP Dn Qn
L X X L
H — H H
H — L [
H L X Qo

H = High level (steady state)
L = Low level (stedady state)
X = Irrelevant

./~ = Transition from Low to High level

Qo = The level of Q before the indicated steady-state

input conditions were established
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CD54/74AC273

CD54/74ACT273

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE (VCC) « -t vveeettttteeeeaaae et et e -05t06V
DC INPUT DIODE CURRENT, I (for V, < -0.5V or V| > Vec + 0.5 V) +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo < -0.5 V or Vo > Ve + 0.5 V) +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo > -0.5 V or Vo < Ve + 0.5 V) e +50 mA
DC Vec or GROUND CURRENT (Icc OF IGND) + « «« v vttt e e ettt e e +100 mA*
POWER DISSIPATION PER PACKAGE (Po):

For Ta = -55 10 +100°C (PACKAGE TYPE E) ......oiiiiiitit et e 500 mw

For Ta=+100to +125°C (PACKAGE TYPEE) ......oouvireenaeaannin, Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +70°C (PACKAGE TYPE M) ........oiiiiiiiitee e 400 mW

For Ta=+7010 +125°C (PACKAGE TYPEM) ........oovuireaaann. Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA) -+ tvrvtit et -55to +125°C
STORAGE TEMPERATURE (Tstg) -« e« v vuieetiaetittt e et e e et e e e e -65to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10 S MaxXimuM ... .........ooooommn +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

* For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

LIMITS
CHARACTERISTICS UNITS
i MIN. MAX.

Supply-Voitage Range, Vcc*:
(For Ta = Full Package-Temperature Range)

AC Types 15 55 \

ACT Types 4.5 55 Vv
DC Input or Output Voltage, V,, Vo 0 Vee \"
Operating Temperature, Ta: -55 +125 °C

Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3V (AC Types) 0 50 ns/V
at3.6 Vto 5.5 V (AC Types) 0 20 ns/V
at4.5V1to 5.5V (ACT Types) 0 10 ns/V

“Unless otherwise specified, all voltages are referenced to gropnd.

MR - @- vee
a0 2 119 o7
oo 3 HE by
o1 4 ' o
o1 1L
a2 -8 15 o5
02 I o5
b3 Y 12 s
a3 4 F2 Qs
ano Y PL ce
w20 38836
TERMINAL ASSIGNMENT
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Technical Data
CD54/74AC273
CD54/74ACT273

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Vee 25 -40 10 +85 S5104125 | s
v)
Vi lo ( MIN MAX MIN MAX MIN MAX.
™ (mA) R . X . . .
High-Level Input 15 1.2 — 1.2 — 1.2 .
Voltage Vin 3.0 21 . 21 — 21 . v
55 3.85 — 3.85 — 3.85 —
Low-Level Input 15 — 0.3 — 0.3 - 03
Voltage Vi 3.0 — 09 —_ 09 — 09 \
55 — 1.65 — 1.65 — 1.65
High-Level Output . -0.05 1.5 1.40 —_ 1.40 — 1.40 -
Voltage Von Vi -0.05 3.0 2.90 — 2.90 — 2.90 —
or -0.05 45 4.40 — 4.40 — 4.40 —
Vi -4 30 | 258 | — | 248 | — | 240 | — v
-24 45 3.94 — 3.80 — 3.70 .
4 { -75 55 — — 3.85 — — —
-50 55 — — — — 3.85 —
Low-Level Output 0.05 1.5 — 0.1 — 0.1 — 0.1
Voltage Vou Vin 0.05 3.0 — 0.1 — 0.1 — 0.1
or 0.05 45 —_ 0.1 — 0.1 —_ 0.1
Vi 12 3.0 — 0.36 — 0.44 — 05 v
24 45 — 0.36 — 0.44 —_ 0.5
4 * { 75 55 | — — — | 165 | — —
50 55 — — — —_ — 1.65
Input Leakage Vee
Current I or 55 — +0.1 — +1 — +1 uA
. GND
Quiescent Supply Vee
Current, MSI icc or 0 55 — 8 — 80 — 160 UA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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CD54/74AC273
CD54/74ACT273

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

: . AMBIENT TEMPERATURE (T,) -°C
TEST CONDITIONS :
CHARACTERISTICS ‘ Voo *25 -40 10 +85 5104125 | ynirs
v, o V)
IN. . N . N :
v (mA) M MAX MIN. MAX MIN. MAX
High-Level Input 45 | -
Voltage Vin ) to 2 — 2 — 2 — v
5.5
Low-Level Input ) 4.5
Voltage Vi to — 0.8 — 08 — 08 v
. 55
High-Level Output Vi -0.05 45 44 — 44 — 44 -
Voltage - Vor o -24 45 | 394 — 3.80 — 3.70 —
v
4 * { -75 55 | — — |38 | — — —
-50 55 — — — — 3.85 -
Low-tLevel Output Vin 0.05 45 | — 0.1 — 0.1 — 0.10
Voltage Voo or
Vi 24 45 | — | o038 | — |04 | — | 050 v
# x { 75 55 | — — — 165 | — - |
, 50 55 [ — — — — — 1.65
Input Leakage Vee |
Current h or 55 — +0.1 — +1 — +1 MA
GND
Quiescent Supply Vee
Current, MSI lee or 0 5.5. — 8 — 80 — 160 A
GND
Additional Quiescent Supply 45
Current per Input Pin " i _ _ _
TTL Inputs High Ales Vee-2.1 to 24 28 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT UNIT LOAD*
Dn 0.5
MR 0.57
CcP 1

*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 2.4 mA max. @
25°C.
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CD54/74AC273
CD54/74ACT273

PREREQUISITE FOR SWITCHING: AC Series

Vo AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (\‘;f - -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Data to CP Setup Time 15 2 . 2 -
tsu 33" 2 — 2 — ns
5t 2 — 2 —
Hold Time 1.5 2 . 2 —_
tn 33 2 b 2 —_ ns
5 2 — 2 —
Removal Time 15 2 - 2 —
MR to CP trem 3.3 2 —_ 2 — ns
5 2 — 2 —
MR Pulse Width 1.5 55 — 63 -
tw 3.3 6.1 — 7 — ns
5 4.4 — 5 —
CP Pulse Width 1.5 55 — 63 -
tw 33 6.1 — 7 —_ ns
5 4.4 — 5 —_
CP Frequency 1.5 9 — 8 _
fmax 33 81 — Ial — MHz
5 114 — 100 —
*33V:min.is@3V
f5V:min.is@ 45V
SWITCHING CHARACTERISTICS: AC Series; t, t;, = 3 ns, C, = 50 pF
v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (\‘;’i’ -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: 15 —. 154 — 169
CPtoQn teun 3.3* 49 17.2 47 18.9 ns
terL 5t 35 123 34 135
MR to Qn te 15 — 154 - 169
tere 33 49 17.2 47 18.9 ns
5 35 123 34 135
Power Dissipation Capacitance Cero8§ — 45 Typ. 45 Typ. pF
Input Capacitance C - - | 10 — 10 pF

*3.3V: min.is@36V
max.is@3V

min. is@55V
max.is@ 4.5V

5V
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§Cro is used to determine the dynamic power consumption, per device.
Po = Cep Vee? fi = Z(CL Vec?fo) Where f = input frequency

f. = input frequency

C. = output load capacitance

Vce = supply voltage.
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CD54/74AC273
CD54/74ACT273

PREREQUISITE FOR SWITCHING — ACT Series

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (\7)° -40 1o +85 -55 to +125 UNITS
. MIN, MAX. MIN. MAX.
Data to CP Setup Time ] tsu 5 2 — 2 — ns
Hold Time th 5 2 — 2 — ns
Removal Time
MR to CP trem 5 2 — 2 — ns
MR Pulse to Width tw 5 44 — 5 — ns
| cP Pulse width tw 5 5.3 — 6 — ns
CP Frequency frmax 5 97 — 85 — MHz
*min.is @4.5V
SWITCHING CHARACTERISTICS: ACT Series; t, t, = 3 ns, C_ = 50 pF
AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL Y\‘/;f ~40 to +85 -55 to +125 UNITS
) MIN. MAX. MIN. | MAX.
Propagation Delays: teun N
CPto Qn ‘ tern 5 35 123 34 135 ns
MR'to Qn - B 5 35 123 34 135 ns
PLH
Power Dissipation Capacitance Crot — 45 Typ. 45 Typ. pF
Input Capacitance Cy — — l 10 — 10 pF
‘min.is@5.5V 1Ceo is used to determine the dynamic power consumption, per flip-flop.
max.is@4.5V Po = Cpp Vec® fi + Z(Cr Vec?fo) + Vee Alec where f; = input frequency
fo = output frequency
C. = output load capacitance
Vce = supply voltage.
INPUT
LEVEL
Q Vs, Vs
Q
92¢s-37198 vs

Fig. 1 - Propagation delay times and clock pulse width.

INPUT
LEVEL
D A vg
L)
M
L—ksulL
Vs

92CS-37199RI

Fig. 2 - Prerequisite and propagation delay times for master reset

OuTPUT
O
Vg Vs RL*
) m 50000
sulM! L =

o - o Ts6or
“FOR AC SERIES ONLY: WHEN
92€3- 30954R1 Ve =15V,AL =1k
92CS - 42389
Fig. 3 - Prerequisite for clock. : Fig. 4 - Test circuit.
CD54/74AC |CD54/74ACT
Input Level Vec 3V
Input Switching Voitage, Vs 0.5 Ve 1.5V
Output Switching Voltage, Vs 0.5 Vee 0.5 Vee
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CD54/74AC280
CD54/74ACT280

- i .
A 9-Bit Odd/Even Parity Generator/Checker
10 :
:Ir.za L L5 5 even
14 '—: | € 5 oo
15 2 :
16 —l—
17 —i' Type Features:
s — m Buffered inputs
NCe3 92¢s-38411 m Typical propagation delay:
Vee 14 10 ns @ Ve = 5 V, Ta=25°C, Cv = 50 pF
GND=7

FUNCTIONAL DIAGRAM

The RCA CD54/74AC280 and CD54/74ACT280 9-bit odd/
even parity generator/checkers use the RCA ADVANCED
CMOS technology. Both even and odd parity outputs are
available for checking or generating parity for words up to
nine bits long. Even parity is indicated (ZE output is HIGH)
when an even number of data inputs is HIGH. Odd parity is
indicated (ZO output is HIGH) when an odd number of data
inputs is HIGH. Parity checking for words larger than nine
bits can be accomplished by tying the ZE output to any
input of an additional AC/ACT280 parity checker.

The CD74AC280 and CD74ACT280.are supplied in 14-lead
dual-in-line plastic packages (E suffix) and in 14-lead dual-
in-line small-outline plastic packages (M suffix). Both pack-
age types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C);
and Extended Industrial/Military (-55 to +125°C).

The CD54AC280 and CD54ACT280, available in chip form
(H suffix), are operable over the -55 to +125°C temperature
range.

MAXIMUM RATINGS, Absolute-Maximum Values:

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
m SCR-Latch-up-resistant CMOS process and circuit design
m Speed of bipolar FAST®/AS/S with significantly
reduced power consumption

‘m Balanced propagation delays

m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
m t 24-mA output drive current
- Fanout to 15 FAST® ICs
- Drives 50-ohm transmission lines

®FAST is a Registered Trademark of Fairchild Semiconductor Corp.

DC SUPPLY-VOLTAGE (Vcc) «vvvvvvinnnnnnuneinns P -05to6V
DC INPUT DIODE CURRENT, Ik (for Vi<-0.5VorVi>Vec+05V) oot +20 mA
DC OUTPUT DIODE CURRENT, lox (for Vo <-05VorVo>Vec+05V) Loonvineiiii e +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-05VorVo<Vec+05V) ................ 150 mA
DC Voc 0f GROUND CURRENT (I OF IGND) «+ v v vt e v veevnnneeanneeenaseisesesstossneennetsaeeasinsennens +100 mA*
POWER DISSIPATION PER PACKAGE (Po):

For Ta=-55t0 +100°C (PACKAGE TYPE E) . ....tuttniinniiittitrantonaaeaneaenaeaeaneataiioreensns 500 mW

For Ta=+1001t0 +125°C (PACKAGE TYPEE) ......c.iviiiiieiniiiieiinenennn Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +70°C (PACKAGE TYPE M) .. ... tuuiuiriiiitittiiieaaeaaateataienaeananr s aaeneans 400 mW

For Ta=+701t0 +125°C (PACKAGE TYPEM) ... .. .iiiirriiiniieiniiannieannnnns Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta) . ..euuuttenuttinnreanueeaieeeaiseesiseinnsossasonnasssnsins -55to +125°C
STORAGE TEMPERATURE (Tstg) -« covvtvuuutennuteruineesanneeantesaneenseeasiteantssieesnns R -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32in. (1.59 £ 0.79 mm) from case for 10s maximum ........... ... i +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............... +300°C

* For up to 4 outputs per device; add £ 25 mA for each additional output.

File Number 1957
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Technical Data

CD54/74AC280
CD54/74ACT280
RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, normal operating conditions should be selected so that operation is always within the
followlpg ranges:

CHARACTERISTICS LIMITS UNITS
MIN. | MAX.
Supply-Voltage Range, Vcc*:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 v
ACT Types 45 55 )
DC Input or Output Voltage, Vi, Vo 0 Vee v
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5 V to 3 V(AC Types) 0 50 ns/V
at 3.6 V to 5.5 V(AC Types) 0 20 ns/V
at4.5 V1o 5.5 V(ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Vee 25 -4010 +85 55104125 | units
v, 1 (L))
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
) (mA)
High-Level Input 15 | 12 — 1.2 — 12 —
Voltage Vi 3 | 21 — 21 — 21 — v
55 | 385 | — | 385 | — | 385 | — ‘
Low-Level input 1.5 — 0.3 — 0.3 — 0.3
Voltage Vie 3 — 0.9 — 09 - 0.9 v
55 - 1.65 — 1.65 — 1.65
High-Level Output -0.05 15 14 — 14 — 14 —_
Voltage Von Vin -0.05 3 2.9 — 29 — 29 —
or -0.05 45 | 44 — 44 — 44 -
Vie -4 3 | 258 — 2.48 — 24 — v
24 45 | 394 — 38 — 37 —
- -75 55 — — 3.85 — — —
-50 55 — — — — 3.85 —
Low-Level Output 0.05 15 — 0.1 — 0.1 — 0.1
Voltage Vou |y, 0.05 3 — 0.1 — 01 — 0.1
or 0.05 45 — 0.1 — 0.1 — 0.1
Vi 12 3 — 0.36 — 0.44 — 05 v
24 45 | — 0.36 — 0.44 — 05
- 75 55 | — — — 1.65 — —
50 55 — — — — — 1.65
Input Leakage Vee
Current ly or 5.5 — +0.1 — +1 — +1 HA
GND
Quiescent Supply Vee :
Current, MSI lec or 0 55 — 8 — 80 — 160 A
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C,
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CD54/74AC280

CD54/74ACT280

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Vee *25 -4010 +85 55104125 | ynirs
V)
M, o ™ v [ max | min | max. | min. | max
™ (mA) N . X . N. .
High-Level Input 45
Voltage Vin to 2 - 2 — 2 — \
5.5
Low-Level Input 45
Voltage Vi to —_ 0.8 —_ 08 — 0.8 v
55
High-Level Output Vi 005 | 45 | 44 — 44 - 44 —
Voltage Von or -24 45 | 394 — 3.8 — 37 —
Vi Vv
- 75 |55 | — — |38 | — - —
-50 55 — — - — 3.85 —
Low-Level Output Vi 0.05 45 | — 0.1 - 0.1 - 0.1
Voltage Voo or
Vi 24 45 — 0.36 . 0.44 - 0.5 v
4 * 75 5.5 —_ — — 1.65 — —
50 55 — — — = — 1.65
Input Leakage Vec
Current b or 55 — +0.1 — +1 — +1 HA
GND
Quiescent Supply Vee )
Current, MSI lec or 0 55 — 8 — 80 — 160 MA
GND
Additional Quiescent Supply 45
Current per Input Pin - _ _ _
TTL Inputs High Alge | Voo o 24 28 8 | mA
1 Unit Load 5

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize.

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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ACT INPUT LOADING TABLE

INPUT

UNIT LOAD*

All

1.43

*Unit load is Alcc limit specified in Static Characteristics
Chart, e.g., 2.4 mA max. @ 25°C.

1)
16— 1% vee
17— 113 1o
NCv—3~ —& 14
18— LS
ZE s i 12
[
20— EESY
6ND— | € 10
92CS-36835R!
TERMINAL ASSIGNMENT
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CD54/74AC280
CD54/74ACT280

SWITCHING CHARACTERISTICS: AC Series; 1,, {, = 3 ns, C,_ = 50 pF

AMBIENT TEMPERATURE (T,) - °C

VCC

CHARACTERISTICS SYMBOL o -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.

Propagation Delays: toun 15 — 239 — 263
Any Input to 30 torn 33" 75 26 7.3 29 ns

5t 54 19.1 5.3 21

Any Input to SE t 1.5 — 227 — 250
PLH 33 7.2 25 7 28 ns

teHL 5 52 18.2 5 20
Power Dissipation Capacitance Cro§ — 115 Typ. 115 Typ. pF
Input Capacitance Ci — — 10 — I 10 pF

SWITCHING CHARACTERISTICS: ACT Series; t,, t, = 3 ns, C, = 50 pF

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS SYMBOL ‘(’W -40 to +85 -55 1o +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays:
Any Input to 30 :FL" 5t 56 19.6 5.4 216 ns
PHL

Any input to XE

teLn 5 5.6 19.6 5.4 216 ns
ten
Power Dissipation Capacitance Cro§ — 115 Typ. 115 Typ. pF
Input Capacitance C — — | 10 — 10 pF
*3.3V: min.is@36V §Ceo is used to determine the dynamic power consumption, per package.
max.is@3V For AC series: Po = Vcc? fi (Cep + Cu)
+5V: min.is @55V For ACT series: Po = Vc? fi (Cpp + CL) + Ve Alec where f; i input frequency )
i C. = output load capacitance
max.is@ 4.5V
Vec = supply voltage.

— - I-—!r-Snl
INPUT
S

OUTPUT LEVEL
1 o
ov —10%4
puTt — tPHL
OUTPUT T ob o = ]
LOAD _1:50 PF =0 Vs
*FOR AC SERIES ONLY: WHEN ov
Vec=15V,RL=1kO - 1PLH
925 -42389 SE Vs Vs
ov
92C5—-42552
CD54/74AC |CD54/74ACT
Input Level Vee 3v
Input Switching Voltage, Vs 0.5 Vec 1.5V
Qutput Switching Voltage, Vs 0.5 Vee 0.5 Vee

Fig. 1 - Propagation delay times and test circuit.
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c D54/ 74A0283 Advance Information
CD54/74ACT283

ao> H- so
80—
w2 s 4-Bit Binary Full Adder with Fast Carry
81—
5
82— ] 10 Type Features:
— = 53 :
A3 1 m Buffered inputs
83— m Typical propagation delay:
cn—H L2 cour 82ns@ Vec =5V, Ta=25°C, CL= 50 pF
Ve =16
GNb=8
92CS8-40392
FUNCTIONAL DIAGRAM &
TERMINAL ASSIGNMENT

The RCA-CD54/74AC283 and CD54/74ACT283 4-bit binary Family Features:
adders with fast carry use the RCA ADVANCED:- CMOS s Exceeds 2-kV ESD Protection - MIL-STD-883,

technology. These devices add two 4-bit binary numbers Method 3015

and generate a carry-out bit if the sum exceeds 15. n SCR-Latchup-resistant CMOS process and circuit desigr
Because of the symmetry of the add function, this device m Speed of bipolar FAST*/AS/S with significantly

can be used with either all active-HIGH operands (positive reduced power consumption

logic) or with all active-LOW operands (negative logic). w Balanced propagation delays

When using positive logic, the carry-in input must be tied ® AC types feature 1.5-V to 5.5-V operation and balanced

LOW if there is no carry-in. noise immunity at 30% of the supply.

The CD74AC283 and CD74ACT283 are supplied in 16-lead % *24mA Qulpul drive current
dual-in-line plastic packages (E suffix) and in 16-lead dual- ) Driveg 50-0hm transmission lines
in-line small-outline plastic packages (M suffix). Both pack-

age types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C);
and Extended Industrial/Military (-55 to +125°C).

The CD54AC283 and CD54ACT283, available in chip form
(H suffix), are operable over the -55 to +125°C temperature
range.

*FAST is a Registered Trademark of Fairchild Semniconductor Corp.

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VEE) + ettt ttttetteneuaesnaetaanteeanatenee et eeanseanaessatssioneeenneenns -05to6V
DC INPUT DIODE CURRENT, Ik (for Vi<-05VorVi>Vec+05V) ... +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-0.5VorVo>Vee +05V) ... ..o +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-05V or Vo<Vec+05V) .............. +50 mA
DC Vec or GROUND CURRENT (66 OF JGND) « <t vttt e oottt et ettt iii et ainaas +100 mA*
POWER DISSIPATION PER PACKAGE (Po):

For Ta=-5510 +100°C (PACKAGE TYPE E) .....uutttiniitttiineit ittt ittt eaianeaneeanes 500 mW

For Ta=+100 to +125°C (PACKAGE TYPEE) .......c0vvtiiiiiniiiinnnnnnnn, Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +70°C (PACKAGE TYPE M) ... .ciitiiitiiiii ittt ii i 400 mW

For TA=+470t0 +125°C (PACKAGE TYPEM) .......ioviiiiiniiiiiiiiiiinnnn. Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA) - .cutitiitiitiiiiiiiiii i iiiainnenianeiineneenaans -55 10 +125°C
STORAGE TEMPERATURE (Tatg) « -« ettt ettetteasoteaneaeteeatnas it ieeneaneeaenseaeanenns -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 = 1/32in. (1.59 £ 0.79 mm) from case for 10 s maximum ............coiiiiiiiiiniiineenninnnn +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

*For up to 4 outputs per device; add + 25 mA for each additional output.

File Number 1912
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CD54/74AC283
CD54/74ACT283

RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, normal operating. conditions should be selected so that operation is always within the
following ranges:

LIMITS
CHARACTERISTIC UNITS
MIN. MAX.
Supply-Voltage Range, Vec*:
(For Ta = Full Package-Temperature Range)
AC Types . 15 55 \
ACT Types 45 55 v
DC Input or Output Voltage, V), Vo 0 Vee \
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3 V(AC Types) 0 50 ns/V
at 3.6 V to 5.5 V(AC Types) . 0 20 ns/V
at 4.5V to 5.5 V(ACT Types) 0 10 ns/V
*Unless otherwise specified, all voltageé are referenced to ground.
STATIC ELECTRICAL CHARACTERISTICS: AC Series
AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS , Vo 25 4010485 | 55104125 | \,yrg
v, N v)
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
v) (mA)
High-Level Input 15 12 — 1.2 — 1.2 — )
Voltage Vi 3 | 21 — 2.1 — 21 — | v
55 3.85 — 3.85 — 3.85 —
Low-Level input 15 — 0.3 — 0.3 — 0.3
Voltage Vie 3 — o9 [ — T o9 [ — | o9 v
55 — 1.65 — 1.65 — 1.65
High-Level Output -0.05 15 14 — 14 — 14 —
Voltage Vou |y, 0.05 3 [ 290 | — T 29 [ — [ 29 [ —
or -0.05 45 44 — 44 — 44 —
Vi -4 3 2.58 — 2.48 — 24 — \"
-24 45 3.94 — 3.8 — 3.7 —
4 * ' -75 5.5 — — 3.85 — — —
-50 55 — — — — 3.85 —
Low-Level Output 0.05 1.5 — 0.1 — 0.1 — 0.1
Voltage Vo | vy, 0.05 3 ] — | o1 — | o1 — | o1
or | 005 45 — 0.1 — 0.1 —_ 0.1
Vi 12 3 — 0.36 — 0.44 — 0.5 v
24 45 — 0.36 — 0.44 — 0.5
4 * 75 55 — — — 1.65 — —
50 5.5 — — — — — 1.65
Input Leakage Vee
Current h or 55 — 101 — +1 — +1 HA
GND
Quiescent Supply Vee
Current, MSI lec or 0 55 — 8 - 80 —_ 160 uA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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CD54/74AC283

CD54/74ACT283

STATIC ELECTRICAL CHARACTERISTICS: ACT Seties

AMBIENT TEMPERATURE (T,) - °C

TEST CONDITIONS
CHARACTERISTICS Vee +25 -40 to +85 5510 +125 |\ 1o
v)
(‘6-) ("'&) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Leve! Input 45
Voltage ViH to 2 — 2 — 2 — v
55
Low-Level Input 45
Voltage Vi to — 08 — 08 - 08 v
55
High-Level Output Vin -0.05 45 4.4 —_ 4.4 — 44 —
Voltage Vou | g0 24 |45 [ 394 | — [ 88 [ — [ 37 | — v
4 * -75 55 — — 3.85 — — —
' -50 55 | — — — — | 38 | —
Low-Level Output Vin 0.05 4.5 — 0.1 — 0.1 . 0.1
Voltage Vou | 98 24 45 | — Jo3% | — (o4 [ — [o05 |
- 75 55 | — — — 1.65 — —
' 50 55 | — — — — — | 165
Input Leakage Vee
Current I or 55 — +0.1 — +1 — +1 uA
GND
Quiescent Supply Vee
Current, MSI lec or 0 55 — 8 — 80 — 160 uA
GND
Additional Quiescent Supply 45
Current per Input Pin g - _ .
TTL Inputs High Al | V21 5% 24 28 8 mA
1 Unit Load )

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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ACT INPUT LOADING TABLE

INPUT UNIT LOAD*
A1, B1, A3, B3 1.33
A2, B2 15
A4, B4 1
Cw 0.83

*Unit load is Alcc limit specified in Static

Characteristics Chart, e.g., 2.4 mA max. @ 25°C.
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CD54/74AC283
CD54/74ACT283

SWITCHING CHARACTERISTICS: AC Series; t,, t, = 3 ns, C_ = 50 pF

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS SYMBOL ‘(’\‘,’;’ -40 to +85 ] -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: A, or B, t0 Cout town 1.5 — 199 — 219
Cinto S ton, 3.3" 6.3 224 6.2 246 ns
Cin to Cout 5t 45 16 4.4 17.6
AnorBato S, toun 1.5 - 207 - 228
tore 3.3 6.6 23.2 6.4 255 ns
5 47 16.5 4.6 18.2
Power Dissipation Capacitance Cro§ — 120 Typ. 120 Typ. pF
Input Capacitance Ci — — ] 10 - I 10 pF

SWITCHING CHARACTERISTICS: ACT Series; t,, t, = 3 ns, C, = 50 pF

AMBIENT TEMPERATURE (T,) - °C

vCC

CHARACTERISTICS SYMBOL ) -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: A, or B, t0 Cout tous ) ‘
Cint0 S t::L 5t 45 16 44 17.6 ns
Cin to Cout -
An Or Ba to Sa toun
oy 5 47 165 46 18.2 ns
PHL
Power Dissipation Capacitance Cro§ — 120 Typ. 120 Typ. pF
Input Capacitance Ci — — | 10 — 10 pF
*3.3V: min.is@3.6V §Cro is used to determine the dynamic power consumption; per function.
max.is@3V For AC Series: Pp = Vcc? fi (Cep + Cu)
1.5 V: min.is @ 55V For ACT Series: Pp = Vo(;2 fi (CPD + CL) + VecAlee where fi= input frequency

max.is @45V

OUTPUT

CL =
OUTRUT T 55 pr

LOAD

Vee=1SV,RL =1k

C. = output load capacitance
Vce = supply voltage.

r=3ns [TTY=2™ eyt iever
------------------- 90 %
[TY1.T) N I A i E N — vs

OUTPUT

“FOR AC SERIES ONLY: WHEN INVERTING \__ — ( _______ vs

tPHL —

Fig. 1 - Propagation delay times and test circuit.

CDS54/74AC |CD54/74ACT
Input Level Vee 3V
Input Switching Voltage, Vs 0.5 Ve 1.5V
Output Switching Voltage, Vs 0.5 Vec 0.5 Vee
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CD54/74AC297
CD54/74ACT297

Product Preview

Digital Phase-Locked Loop

s Digital design avoids analog compensation errors

S )
8 —] 1 16 —Vee
A— 2 15p— C Type Features:
ENcTR— 3 18— o
Kep —] 4 13} $A2 m Easily cascadable for higher order loops
1/ocp — 5 12— ecPooyr m Useful frequency range:

05— 6 11 b— xorPD. DC to 110 MHz typ/ca/ (K-clock)
Voour — 7 10— #8 our DC to 70 MHz typical (1/D-clock)
our m Dynamically variable bandwidth
GND— 8 S ¢4 w Very narrow bandwidth attainable

TOP VIEW m Power-on reset
92CS-40447 u Output capability:

Standard - XORPDoyr, ECPDour

TERMINAL ASSIGNMENT

The RCA-CD54/74AC297 and CD54/74ACT297 digital
phase-locked loops use the RCA ADVANCED CMOS tech-
nology. They are high-speed silicon-gate CMOS devices
that are pin-compatible with low-power Schottky TTL
(LSTTL).

These devices are designed to provide a simple, cost-
effective solution to high-accuracy, digital, phase-locked-
loop applications. They contain all the necessary circuits,
with the exception of the divide-by-N counter, to build first-
order phase-locked loops.

Both EXCLUSIVE-OR (XORPD) and edge-controlled phase
detectors (ECPD) are provided for maximum fiexibility. The
input signals for the EXCLUSIVE-OR phase detector must
have a 50% duty factor to obtain the maximum lock range.

Proper partitioning of the loop function, with many of the
building blocks external to the package, makes it easy for
the designer to incorporate ripple cancellation (see Fig. 2)
or to cascade to higher order phase-locked loops.

The length of the up/down K-counter is digitally program-
mable according to the K-counter function table. With A, B,
C and D all LOW, the K-counter is disabled. With A HIGH
and B, C and D LOW, the K-counter is only three stages
long, which widens the bandwidth or capture range and
shortens the lock time of the loop. When A, B, C and D are
all programmed HIGH, the K-counter becomes seventeen
stages long, which narrows the bandwidth or capture range
and lengthens the lock time. Real-time control of loop band-
width by manipuiating the A to D inputs can maximize the
overall performance of the digital phase-locked loop.

The CD54/74AC/ACT297 can perform the classic first-order
phase-locked-loop function without using analog compo-
nents. The accuracy of the digital phase-locked loop (DPLL)
is not affected by VCC and temperature variations but
depends solely on accuracies of the K-clock and loop prop-
agation delays.

The phase detector generates an error signal waveform that,
at zero phase error, is a 50% duty factor square wave. At the
limits of linear operation, the phase detector output will be
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Bus driver - I/Dout

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
u SCR-Latchup-resistant CMOS process and circuit design
m Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
m Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.
D C B A

4L15L 2

Kee CARRY

— 6
D/U—— MODULO-K
COUNTER

BORROW 17D

cKT |

1/Dout

ENcTR —

t/O¢cp

$ A4 :ﬁ > 1 xoreooUT

10 12
#B J Q

FIF

ECPDOUT

A2 L3
92¢5-40448

FUNCTIONAL DIAGRAM

either HIGH or LOW all of the time depending on the direc-
tion of the phase error (@IN - @OUT). Within these limits the
phase detector output varies linearly with the input phase
error according to the gain Kq, which is expressed in terms
of phase detector output per cycle or phase error. The
phase detector output can be defined to vary between =+ 1
according to the relation:
% HIGH - % LOW

100

phase detector output =

File Number 2195
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The output of the phase detector will be Kupe, where the
phase error

Pe = PN - Pour.

EXCLUSIVE-OR phase detectors (XORPD) and edge-
controlled phase detectors (ECPD) are commonly used dig-
ital types. The ECPD is more complex than the XORPD
logic function but can be described generally as a circuit
that changes states on one of the transitions of its inputs.
The gain (Kq) for an XORPD is 4 because its output remains
HIGH (XORPDour = 1) for a phase error of % cycle.

Similarly, K4 for the ECPD is 2 since its output remains
HIGH for a phase error of %% cycle. The type of phase detec-
tor will determine the zero-phase-error point, i.e., the phase
separation of the phase detector inputs for a ¢. defined to
be zero. For the basic DPLL system of Fig. 3, ¢ = 0 when
the phase detector output is a square wave.

The XORPD inputs are % cycle out of phase for zero phase
error. For the ECPD, ¢ = 0 when the inputs are 2 cycle out
of phase.

The phase detector output controls the up/down input to
the K-counter. The counter is clocked by input frequency
Mf. which is a multiple M of the loop center frequency f..
When the K-counter recycles up, it generates a carry pulse.
Recycling while counting down generates a borrow pulse. If
the carry and the borrow outputs are conceptually com-
bined into one output that is positive for a carry and nega-
tive for a borrow, and if the K-counter is considered as a
frequency divider with the ratio Mf./K, the output of the K-
counter will equal the input frequency multiplied by the
division ratio. Thus the output from the K-counter is
(KageMfc)/K.

K COUNTER FUNCTION TABLE
(DIGITAL CONTROL)

CD54/74AC297
CD54/74ACT297

The carry and borrow pulses go to the increment/decre-
ment (/D) circuit which, in the absence of any carry or bor-
row pulses has an output that is % of the input clock (I/Dce).
The input clock is just a multiple, 2N, of the loop center
frequency. In response to a carry or borrow pulse, the I/D
circuit will either add or delete a pulse at I/Dour. Thus the
output of the 1/D circuit will be Nf. + (KapeMfc)/2K.

The output of the N-counter (or the output of the phase-
locked loop) is thus:

fo = fo + (KaeMfc)/2KN.

If this result is compared to the equation for a first-order -
analog phase-locked loop, the digital equivalent of the
gain of the VCO is just Mf./2KN or f./K for M = 2N.

Thus, the simple first-order phase-locked loop with an
adjustable K-counter is the equivalent of an analog phase-
locked loop with a programmable VCO gain.

The CD74AC297 and CD74ACT297 are supplied in 16-lead
dual-in-line plastic packages (E suffix) and in 16-lead dual-
in-line small-outline plastic packages (M suffix). Both pack-
age types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C);
and Extended Industrial/Military (-55 to +125°C).

The CD54AC297 and CD54ACT297, available in chip form
(H suffix), are operable over the -55 to +125°C temperature
range.

FUNCTION TABLE
EXCLUSIVE-OR PHASE DETECTOR

D [+ B A MODULO (K) A, ¢B XORPD OUT
L L L L Inhibited L L L
L L L H 2° L H H
L L H L 2 H L H
L L H H 2° H H L
L H L L 28
L H L H 27 FUNCTION TABLE
L H H L 28 EDGE-CONTROLLED PHASE DETECTOR
L H H H 2°
H L L L 910 PA2 ¢B ECPD OUT
H L L H 2" HorL e H
H L H L 2” g - HorlL L
H L H H 2" HorlL - No Change
H H L L 2" 7 HorL No Change
H H L H 2"
H H H L 218 H = steady-state high level
17 L = steady-state low level
H H H H 2 T\_ = transition from high to low

—/ = transition from low to high
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CD54/74AC297
CD54/74ACT297

MODULO-K COUNTER

-
l
® & N -~

CONTROL CIRCUIT

141312 14 10 9 8 7 6 5 4 3 2

ISRERRR2 2R

TO MODE CONTROLS 12-'2(11 STAGES NOT SHOWN)

by |
d 4 DS P
| DRD L DRoQ Rp Rp
= — Ho Q
o7 FFMJ--QT FF13-L— T FF!—LOT FFT
—m @ p—{ ™M

LM —iM Q -L M Q Q
_I;q T FFM—‘—-QT FF13| ———dT FHLY FF
p—0 _ G~ —o ~ D
Rp Rp Rp Rp
POWER ONRESET v ¥ 7 v T v
» BORROW
< CARRY
5 INCREMENT/ DECRE MENT CIRCUIT
10cp O{>o
7
{ B o= ) e o FIL I
v
4o «a 0 Q D 0 o
—o|CP FF ~odCP FF pqCcP FF olcp FF
o Q Q
I— 3 ap
CP FF
K A
440 a 0 Q 0D o o
Ldcp FF Ldce FF cP FFE Ldcp FF
Q a 9
1 M |
9 5
$Aq EXCLUSIVE-OR PHASE DETECTOR
1"
10 [>——O xoreogyy
¢8
EDGE- CONTROLLED PHASE DETECTOR
Sp “Sp 12
Q ] J. >———CO ECPDouT
FF FF
] -1
13 Ro Rp
$A2
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Fig. 1 - Logic diagram.
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CD54/74AC297
CD54/74ACT297
MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VCC) ..ttt ettt tae ettt et e e et e et e e e e e -05t06V

DC INPUT DIODE CURRENT, Ik (for Vi<-05V orVi>Vee +0.5V) oottt +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-0.5V Or Vo >Vec +0.5V) covuiinerniee et +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-05V orVo<Vec+05V) .............. 150 mA
DC Vec or GROUND CURRENT (I6G OF IGND) -« -+ -+« v v evete e et et e ee e e e e e e e et +100 mA*
POWER DISSIPATION PER PACKAGE (Pop):

For Ta=~5510 +100°C (PACKAGE TYPE E) . ...uutntittetntit e et a e et e 500 mW

For Ta=+100 to +125°C (PACKAGE TYPEE) ....ccoviiiiiiiiiiiaianinnn.. Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +70°C (PACKAGE TYPE M) .. ... oiuitiitit ettt e et e e 400 mW

For Ta=+701t0 +125°C (PACKAGE TYPEM) ......coiiiiiiiiiiiiinninnnn. Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA) - . ttutttntetneeetieee e e et et ae e -55to +125°C
STORAGE TEMPERATURE (Tstg) « ..ot vveenttte ettt tae e et e tie e ee e et e e, -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32 in. (1.59 + 0.79 mm) from case for 10 S Maximum . ...........couvueenunrnenrnnnnnnn. +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

*For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

LIMITS
CHARACTERISTICS UNITS
MIN. MAX.
Supply-Voltage Range, Vec*:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 Vv
ACT Types 45 55 \Y
DC Input or Output Voltage, Vi, Vo o] Vee )
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3V (AC Types) 0 50 ns/V
at 3.6 Vto 5.5V (AC Types) 0 20 ns/V
at4.5V to 5.5V (ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.

K
i - cp CARRY
L] DIVIDE-BY-K
ENCTR COUNTER BORROW
XORPO ouT
$A
four I " 48
four ECPD,
ouT| 1/0¢p
od) q —| 1/D CIRCUIT - 2Nte
. a2 ECPD
IN . «
N v FF
170
i ouT

DIVIDE-BY-N
. COUNTER 92Cs-40457

Fig. 2 - DPLL using both phase detectors in a ripple-cancellation
scheme.
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CD54/74AC297
CD54/74ACT297

STATIC ELECTRICAL CHARACTERISTICS: AC Series

248

Fig. 3 - DPLL using EXCLUSIVE-OR phase detection.

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS ] Ve +25 -40 10 +85 55104125 | yNyys
V) :
Vi lo ( MIN. | MAX. | MIN. | MAX. | MIN. | MAX
o (mh) . . . . . g
High-Level Input 15 1.2 . 1.2 — 1.2 —
Voltage Vin 3 21 - 21 — 21 - \
55 | 38 | — |38 | — | 38 | —
Low-Level Input 15 - 0.3 — 0.3 — 03
Voltage Vi 3 — 0.9 — 0.9 — 0.9 \
55 | — 165 | — 165 | — 1.65
High-Level Output v -0.05 15 | 14 — 14 — 1.4 -
Voltage Von ™ -0.05 3 | 29 — 29 — 29 — v
3’ 005 | 45 | 44 | — | 44 | — | a4 | —
" -8 45 | 394 | — 38 — 3.7 —
Low-Level Output Vi 0.05 1.5 — 0.1 —_ 0.1 — 0.1
Voltage Vo or 0.05 3 — | 01 — 0.1 — 0.1 v
Vi 0.05 45 | — 0.1 — 0.1 — 0.1
8 45 | — [o03 | — | o044 | — 0.5
Input Leakage Veo '
Current h or 55 - 10.1 — +1 — +1 MA
GND
Quiescent Supply Vee
Current, MSI lee or 0 55 —_ 8 — 80 — 160 MA
GND -
Mic —» Kep CARRY
DIVIDE-BY-K
0/T COUNTER BORROW
L XORPD
LT bl
$IN 8
170 CIRCUIT |—4—“DCP — 2Nf¢
b
t/Dout
1 -8Y-
o
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CD54/74AC297
CD54/74ACT297

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Ve +25 -4010 +85 55104125 | yNits
V)
v, I (
MIN. [ MAX. | MIN. | MAX. [ MIN. | MAX.
\) (mA)
High-Level Input 45
Voltage Vin to 2 — 2 — 2 — A
5.5
Low-Level Input 45
Voltage Vi to — 0.8 . 0.8 . 08 v
5.5
High-Level Output Vin -0.05 45 4.4 — 4.4 - 44 —
Voltage Von or \
Vi -8 45 3.94 — 38 — 3.7 —
Low-Level Output Vin 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Vou or v
Vi 8 45 — 0.36 — 0.44 — 05
Input Leakage Vee
Current I or 55 — +0.1 — +1 - +1 HA
GND
Quiescent Supply Vee
Current, MS| lec or 0 5.5 —_ 8 — 80 — 160 A
GND
Additional Quiescent Supply 45
Current per Input Pin - _ _ _
TTL Inputs High Alee | Vo2 to 24 28 8 | mA
1 Unit Load 55
ACT INPUT LOADING TABLE
INPUT UNIT LOAD*
ENcre, O/U 0.1
A, B, C, D, Kcp, pA2 0.2
1/Dcp, A1, ¢B 0.5
*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 2.4 mA max. @ 25°C.
(INTERNAL SIGNAL) — 1
CINTERNAL SIGNAL) 1 2

2
oee wevt - UL AUV
|/nourourpurn n n n n n n n n nn n

92CS-40449
Fig. 4 - Timing diagram: 1/Dour in-lock condition.
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CD54/74AC297
CD54/74ACT297

$8 INPUT | | | | l |
| I N

92CS-40450

A7 INPUT

ECPDoyt QUTPUT I I

Fig. 5 - Timing diagram: edge-controlled phase comparator

waveforms.
le——— 1/t yax
ety
m;c:S Vg \
tpLn—] 'PHL
1/00uT vs /-

fTLH I"‘mL

Fig. 7 - Waveforms showing the clock (1/Dce) to output (1/Dourt)

92CS- 40452

propagation delays, clock pulse width, and maximum clock

pulse frequency.

owr of Y [T\
¢A21NPUT—V-5¥ ' \

ECPD oyt Vg
ouTPUT
TPHL = =—tpLn

92C5-42152

Fig. 9 - Waveforms showing the phase input (¢B, $Az) to output
(ECPDouyr) propagation delays.

$8 INPUT 11 1
TYYRLLIT S I | 1
xorpoour oureur___ | LI LI LM 1

92€5-40451

Fig. 6 - Timing diagram: EXCLUSIVE-OR phase detector
waveforms.

#8 INPUT jl"s }(_

$A, INPUT T Vs

XORPD g1 vg
OQUTPUT
teLn

teL

ton, tPHL

92C5-43151

Fig. 8 - Waveforms showing the phase input (¢B, @A, ) to output
‘(XORPDour) propagation delays.

ty —of —w pa-ty

v T | T |
t

sy o Sy —e e
Kep INPUT 7-Vs \ J(
.1y

ha—— 171y ——
92CS-40453

NOTE: THE SHADED AREAS INDICATE WHEN THE
INPUT IS PERMITTED TO CHANGE FOR
PREDICTABLE OUTPUT PERFORMANCE.

Fig. 10 - Waveforms showing the clock (Kce) pulse width and
maximum clock pulse frequency, and the input
(D/U, ENcrn) to clock (Kce) set-up and hold times.

CD54/74AC |CD54/74ACT
Input Level Vee 3v
Input Switching Voltage, Vs 0.5 Ve 15V
Output Switching Voltage, Vs 0.5 Ve 0.5 Vec
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CD54/74AC299, CD54/74AC323

Advance Information

CD54/74ACT299, CD54/74ACT323

8-Input Universal Shift/Storage Register
with Common Parallel I/0 Pins

CD54/74AC/ACT299 - Asynchronous Reset
CD54/74AC/ACT323 - Synchronous Reset

SO —! 1 20— V¢
0E1— 2 19— s1
0€2—— 3 18— DS7
1/10g — 4 17p—a7
17104 — 5 16— 1707
170, — 6 15 f—1/0g
110g 7 14— 1703
Q0 —J 8 13— 1/04
WR —{ 9 12f—cp Type Features:
GND ——] 10 11 — Dpso w Buffered inputs
92¢s-36837 u Typical propagation delay:
TERMINAL ASSIGNMENT 6nNs@ Vec =5V, Ta=25°C, C.= 50 pF

The RCA CDS54/74AC299 and CD54/74AC323 and the
CD54/74ACT299 and CD54/74ACT323 are 3-state, 8-input
universal shift/storage registers with common parallet 1/0
pins. These devices use the RCA ADVANCED CMOS tech-
nology. These registers have four synchronous-operating
modes controlled by the two select inputs as shown in the
Mode Select (SO, S1) table. The Mode Select, the Serial
Data (DSO, DS7), and the Parallel Data (I/O - I/O7) respond
only to the LOW-TO-HIGH transition of the clock (CP)
pulse. S0, S1 and Data inputs must be present one setup
time prior to the positive transition of the clock.

With the CD54/74AC/ACT299, the Master Reset (MR) is an
asynchronous active-LOW input. When MR is LOW, the reg-
ister is cleared regardless of the status of all other inputs.
With the CD54/74AC/ACT323, the Master Reset (MR) clears
the register in sync with the clock input. The register can be
expanded by cascading same units by tying the serial out-
put (QO) to the serial data (DS7) input of the preceding
register, and tying the serial output (Q7) to the serial data
(DSO) input of the following register. Recirculating the (n x
8) bits is accomplished by tying the Q7 of the last stage to
the DSO of the first stage.

The 3-state input/output (I/0) port has three modes of
operation: . I

1. Both Output Enable (OE1 and OE2) inputs are LOW
and S0 or S1 or both are LOW; the data in the register
is present at the eight outputs.

2. When both S0 and S1 are HIGH, I/O terminals are in
the high-impedance state but being input ports, ready
for parallel data to be loaded into eight registers with
one clock transition regardless of the status of OE1 and
OE2.

Family Features:
® Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
u SCR-Latchup-resistant CMOS process and circuit design
® Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
a Balanced propagatjon delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
m + 24-mA output drive current
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines

“FAST is a Registered Trademark of Fairchild Semiconductor Corp.

3. Either one of the two Output Enable inputs being HIGH
will force 1/0 terminals to be in the off state. It is noted
that each 1/0 terminal is a 3-state output and a CMOS
buffer input.

The CD74AC/ACT299 and CD74AC/ACT323 are supplied in
20-lead dual-in-line plastic packages (E suffix) and in 20-
lead dual-in-line small-outline plastic packages (M suffix).
Both package types are operable over the fallowing tempera-
ture ranges: Commercial (0 to 70°C); Industrial (-40 to
+85°C); and Extended Industrial/Military (-55 to +125° C).

The CD54AC/ACT299 and CDS4AC/ACT323, available in
chip form (H suffix), are operable over the -55 to +125°C
temperature range.

File Number 1958
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Technical Data

CD54/74AC299, CD54/74AC323
CD54/74ACT299, CD54/74ACT323

MODE SELECT — FUNCTION TABLE
REGISTER OPERATING MODES

INPUTS REGISTER OUTPUTS
FUNCTION MR | CP | SO [ s1 |DSo |Ds7 (1O, | Q0 Q1 ... Q6 Q7
Reset (Clear) L X X X X X X L L L. L L
Shift Right H |— | n | 1 X X L Q@ ... Qs Qs
H|—"1| n ] h X X H QG ... Qs Qs
Shift Left H | | 1 h X 1 X qs Q2 ... qr L
H |~ | 1 h X h X qs Q ... @ H
Hold (do nothing) H || 1 I X X X Qo Qs ... Qe qr
Parallel Load H |— | h h X X ! L L ...t L
H |{— | n h X X h H H . H H
*On CD54/74AC/ACT323, CP must be in transition from the LOW-to-HIGH state to Reset (Clear).
MODE SELECT — FUNCTION TABLE
3-STATE I/0 PORT OPERATING MODE
FUNCTION _ INPUTS INPUTS/OUTPUTS
OE1 OE2 S0 $1 Qn (Register) 1/0¢...1/0;
Read Register L L L X L L
L L L X H H
L L X L L L
L L X L H H
Load Register X X H H Qn =1/O, 1/0n = Inputs
Disable /O H X X X X (2)
X H X X X (2)

H = Input voltage high level.

h = Input voltage high one set-up time prior clock transition.

L = Input voltage low level.

| = Input voltage low one set-up time prior clock transition.
qn = Lower case letters indicate the state of the referenced output one set-up time prior clock transition.
X = Voltage level on logic status don’t care.
Z = Output in high-impedance state.

= Low-to-high clock transition.

C

?12 Oz O3

P OEl  OE2

MR
s

f 3-STATE CONTROL l

\___I__I

20
—T—OVvec

7
17100 O—
6

1702 O
BUS LINE 5
OUTPUTS 1704 O

4
1706 O

1/0
3-STATE
QUTPUTS

SHIFT
REGISTER

I/0

3-STATE
QUTPUTS

13
O 1704
14

O /03| ays LiNe
15 OUTPUTS
O W05

16
—Q 1707

8
STANDARD OUTPUT Q0 O

I

17
{O Q7 STANDARD OUTPUT

SO‘O—

MODE SELECTION

19
—O st
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GND
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Fig. 1 - Functional diagram.
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Technical Data

CD54/74AC299, CD54/74AC323
CD54/74ACT299, CD54/74ACT323

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VCC) .+ .ttt ettt e e ettt e e e e e e e e e -05t06V
DC INPUT DIODE CURRENT, Iik (for Vi< =05V orVi>Vec + 0.5 V) ..ottt ee e +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-0.5V Or Vo >Vec + 0.5 V) ..ot +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-05V or Vo< Vcc + 05 V) ............. +50 mA
DC Vic or GROUND CURRENT (loc OF IGND) «« v voeiveee e iiie e eeeeeeeneens e +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):
For Ta=-5510 +100°C (PACKAGE TYPE E) .....0uiiuiiiniteit et e e e e e e, 500 mwW
For Ta=+1001t0 +125°C (PACKAGE TYPEE) .........c.civiviiiininnnnenn.. Derate Linearly at 8 mW/°C to 300 mW
For Ta=-5510 +70°C (PACKAGE TYPE M) ... ..ottt ittt e e e 400 mW
For Ta=+7010 +125°C (PACKAGE TYPEM) ............coiiiiiininnnnnnnn.. Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta) .+ . ettt ettt e e e e e e e, -55to +125°C
STORAGE TEMPERATURE (Tstg) - -« e et vttt ettt et et e ettt e e e e et -65 to +150°C

LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 + 1/32 in. (1.59 & 0.79 mm) from case for 10 S Maximum ..............oeuueuneneriannnnnn. .. +265°C
Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C
“For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

LIMITS
TER UNITS
CHARAC ISTICS MIN. MAX.
Supply-Voltage Range, Vec*: )
(For Ta = Full Package-Temperature Range)
AC Types 15 55 \"
ACT Types 45 55 Vv
DC Input or Output Voltage, V), Vo 0 Vee v
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3V (AC Types) : 0 50 ns/V
at3.6 Vto 55V (AC Types) : 0 20 ns/V
at4.5Vto 55V (ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.
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Technlcal Data

CD54/74AC299, CD54/74AC323
CD54/74ACT299, CD54/74ACT323

STATIC ELECTRICAL CHARACTERISTICS: AC Series

TEST CONDITIONS

AMBIENT TEMPERATURE (T,) - °C

-55 to +125

CHARACTERISTICS Vee 25 ~40 10 +85. UNITS
V)
Vi o M . | max. | min. | max. | win. | max
) (mA) N o R . . .
High-Level Input . 15 1.2 — 1.2 — 12 -
Voltage Vin 3 21 — 21 — 2.1 — \"
5.5 3.85 = 3.85 - 3.85 -
Low-Level Input 15 - 0.3 — 03 — 0.3
Voltage Vi 3 — 09 — 09 — 0.9 \
5.5 — 1.65 - 1.65 . 1.65
High-Level Output A -0.05 15 14 -— 14 _ 14 —
Voltage Vou |, .05 3 | 20 | — | 29 | = [ 29 | —
H
or -0.05 45 4.4 - 44 - 44 —
Vi -4 3 | 258 | — | 248 | — 24 — v
-24 45 3.94 —_ 38 — 3.7 -
- { -75 55 — — 3.85 — — —
-50 55 —_ - —_ —_ 3.85 —_
Low-Level Output 0.05 15 — 0.1 — 0.1 — 0.1
Voltage Vo |y, 0.05 3 | — | o1 — | oa — | o1
or 0.05 45 — 0.1 — 0.1 - 0.1
Vi 12 3 — 0.36 — 0.44 — 05 v
24 45 — 0.36 — 0.44 —_ 0.5
- { 75 55 | — - — |16 | — —
50 5.5 — - —_ —_ - 1.65
Input Leakage Vee
Current h or 55 — +0.1 — *1 — +1 uA
GND
3-Stage Vin
Leakage or
Current loz Vi
Vo= 55 —_ +0.5 - +5 — +10 uA
Vee
or
GND
Quiescent Supply Ve
Current, MSI lee or 0 55 — 8 — 80 — 160 A
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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Technical Data
CD54/74AC299, CD54/74AC323
CD54/74ACT299, CD54/74ACT323

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Ve +25 -40 to +85 S5104125 | ynrs
v)
v, I (
v) (mA) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input 45
Voltage Vi to 2 — 2 — 2 — "
55
Low-Level Input 45
Voltage Vi to — 08 — 0.8 — 08 \
55
High-Level Output Y)'? -0.05 4.5 4.4 - 44 — 44 —
Voltage Vo | g1 24 |45 [ 394 | — [ 38 | — |37 | —
v
- ' 75 55 | — — |38 | — — —
-50 5.5 — — - — 3.85 —
Low-Level Output Vin 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Vo or
Vi 24 45 | — | 036 | — | 044 | — 05 v
4 * l 75 55 — — — 1.65 — —
' 50 55 | — — — — — | 165
Input Leakage Vee
Current h or 55 — +0.1 - +1 - +1 HA
GND
3-State Vin
Leakage or
Current loz Vi
Vo 55 - +0.5 —_ +5 — +10 uA
Vee
or
GND
Quiescent Supply ) Ve
Current, MSI lee or 0 55 — 8 — 80 — 160 MA
GND
Additional Quiescent Supply 45
Current per Input Pin . i _ _ _
TTL Inputs High Alce V2 to 24 28 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

UNIT LOADS*
INPUT 299 323
S1, S0, OE1, OE2 0.83 0.83
1/00 - 1/O+, CP, DSO, DS7 0.67 0.67
MR 1.33 0.67

*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 2.4 mA max. @ 25°C.
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CD54/74AC299, CD54/74AC323

CD54/74ACT299, CD54/74ACT323

PREREQUISITE FOR SWITCHING: AC Series

AMBIENT TEMPERATURE (T.) - °C

CHARACTERISTICS SYMBOL ‘("7; -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Setup Time tsu 1.5 99 — 113 —
$1, S0, to CP 33" 11.1 — 126 — ns
5t 79 - 9 -
Hold Time 1.5 0 — 0 .
S$1,S0to CP th 33 0 — 0 — ns
5 0 — 0 —
Setup Time 15 49 — 56 —
(1/0)n, DSO, tsu 33 55 — 6.3 — ns
DS7 to CP 5 39 — 45 —
Hold Time 15 0 — 0 —
(1/0)n, DSO, tsu 33 0 — 0 — ns
DS7 to CP 5 0 — 0 —
Setup Time 15 61 — 69 —
MR to CP (323) tsu 33 6.8 — 7.8 — ns
5 48 — 5.5 -
Hold Time 15 0 — 0] —
MR to CP (323) th 33 0 — 1] — ns
5 0 — 0 —
Maximum CP 15 9 — 8 —
Freguency fmax 33 78 — 68 — MHz
5 108 — 95 -
CP Pulse 1.5 57 — 65 —
Width tw 33 6.4 — 7.3 — ns
5 4.6 — 52 —
MR Puise 15 55 — 63 —
Width tw 33 6.1 — 7 — ns
5 44 — 5 —
Recovery Time 15 55 — 63 —
MR to CP trec 3.3 6.1 — 7 — ns
299 5 44 — 5 —

*33V:min.is@3V
15V:minis@ 4.5V
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CD54/74AC299, CD54/74AC323
CD54/74ACT299, CD54/74ACT323

SWITCHING CHARACTERISTICS: AC Series; t, = 3 ns, C, = 50 pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL v -40 to +85 -55 to +125 UNITS
. MIN. MAX. MIN. MAX.
Propagation Delays: " 15 — 147 — 162
CPto QO0, Q7 :PLH 3.3 47 165 45 18.1 ns
PHL 5% 33 1.7 32 129
CP to (1/0O)n t 15 — 154 — 169
t"“‘ 33 49 17.2 47 189 - ns
PHL 5 35 12.3 3.4 135
MR to Q0, Q7 ' 15 — 127 — 140.
(299 only) !"‘" 33 4 143 39 15.7 ns
i 5 29 10.2 28 1.2
MR to (1/0)n ) 15 — 158 — 174
t"”‘ 33 5 17.7 49 195 ns
L 5 36 12.6 35 13.9
Enable and Disable tezL 15 — 169 — 186
Times {"" 33 58 20.4 5.6 224 ns
to 5 38 135 37 14.9
Power Dissipation Capacitance Ceo§ — 280 Typ. 280 Typ. - pF
Input Capacitance C — — 10 — 10 pF
3-State Output Capacitance Co —_ — 15 — 15 pF
*3.3V:min.is@3.6V §Cro is used to determine the dynamic power consumption, per function.
max.is@3V Po = CeoVec® fi + X (CLVec? fo) where f; = input frequency

fo = output frequency
C. = output load capacitance
Vec = supply voltage.

5V:minis@55V -
max. is@4.5V

PREREQUISITE FOR SWITCHING: ACT Series

v AMBIENT TEMPERATURE (T,) - °C
‘CHARACTERISTICS SYMBOL (‘(I:;: -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.

S e w | s [ e | = [ e [ = [
Hold Time

S1, S0 to CP tn 5 0 - 0 - ns
Setup Time

(1/0)n, DSO, tsu 5 3.9 — 45 — ns

DS7 to CP
Hold Time ns

(I/0)n, DSO, tw 5 0 —_ 0 -

DS7 to CP
Setup Time N

MR to CP (323) tsu 5 48 — 55 — ns
Hold Time

MR to CP (323) t 5 0 - 0 - ns
M‘;‘:"r;’:zg‘nf; fmax 5 103 - 90 - MHz
CP Pulse Width tw 5 4.8 - 5.5 — ns
MR Pulse Width tw 5 44 — 5 — ns
Recovery Time _ —

MR to CP (209) trec 5 44 5 ns

*5V:min.is@4.5V
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CD54/74AC299, CD54/74AC323
CD54/74ACT299, CD54/74ACT323

SWITCHING CHARACTERISTICS: ACT Series; t, t = 3 ns, C. = 50 pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (\‘,’f -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: tewn .
CP to Q0, Q7 tor 5 33 1n7 3.2 129 ns
CP 1o (VO)n teun 5 ‘37 132 36 145 ns
tPHL ’ ) :
MR to QO0, Q7 teLn
(99 only) - tore 5 3.1 11.1 3.1 12.2 ns
MR to (1/O)n teun 5 48 16.9 47 18.6 ns
torn, . . : .
Enable and Disable teLz
Times tenz
toze 5 3.8 13.5 3.7 14.9 ns
tezn
Power Dissipation Capacitance Cro§ — 280 Typ. 280 Typ. pF
Input Capacitance C — — 10 — 10 pF
3-State Output Capacitance Co — —_ 15 — 15 pF

*5V:min.is@55V
max.is@4.5V

INPUT LEVEL = = =
cP

I/0n,Q0 OR Q7

92CS- 36997

Fig. 2 - Clock prerequisite and propagation delays.

INPUT LEVEL
WR

cP

I/on,Q0 OR Q7 Vg

92CS-36998

Fig. 3 - Master Reset prerequisite and propagation delays.
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DISABLE

tr=3ns
————————————————————————————— 90 %
outeut |/ N e vs

OUTPUT: LOW
TO OFF TO LOW

OUTPUT: HIGH

§Cro is used to determine the dynamic power consumption, per function.
Pp = CppVec? i + = (CuVec® fo) + VecAlee where fi = input frequency

fo = output frequency
C. = output load capacitance
Vce = supply voltage.

INPUT LEVEL

vs

TO OFF TO HIGH ——- Vg
OUTPUTS OUTPUTS OUTPUTS
ENABLED

“FOR AC SERIES ONLY: WHEN Ve = 1.5V, RL = 1k

DISABLED
o—Q GND (1PHZ, tpZH)
©—0O OPEN (tpHL, tPLH)

T ENABLED

OTHER O 2vcc (tpLz. PZL).

INPUTS l O—1 put 500 0 (OPEN DRAIN)
(TIED HIGH } O—— wWiTH AL

OR LOW) l o 3-STATE out

UTPUT
o v 5000 °

OuUTPUT e
DISABLE

= 92CM-42405

Fig. 4 - Three-state propagation delay times and test circuit.
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CD54/74AC299, CD54/74AC323
CD54/74ACT299, CD54/74ACT323

ouTPUT
INPUT LEVEL @ -
DSO,0S7ORI/0n Vg Vs Vs Vs 5008
Th(L) thiH) o+
cp teull) tguil) Ot,g:g-rlso oF
VS Vs =
\ “FOR AC SERIES ONLY: WHEN
92CS5-42635 Vec=15V.RL=1ka
.5 42389
Fig. 5 - Data prerequisite times. .
Fig. 6 - Test circuit.
CD54/74AC |CD54/74ACT
Input Level Vee 3V
Input Switching Voltage, Vs 0.5 Voc 1.5V
Output Switching Voltage, Vs 0.5 Vee 0.5 Vec




Technical Data

CD54/74AC373, CD54/74AC533

Advance Information

CD54/74ACT373, CD54/74ACT533

373

&
o

Octal Transparent Latch, 3-State

00 —Qqo0 30 .
01— l—a1 @i CD54/74AC/ACT373 - Non-Inverting
02— —o2 @ CD54/74AC/ACT533 - Inverting

03— —a3 T3

04— —os Q4

05 — l—as a3

06— l—ee Q6 Type Features:

07— Q7 &7 w Buffered inputs

e — = Typical propagation delay:

13 __J 9zcs- 42421 43ns @ Vec =5V, Ta=25°C, CL = 50 pF
FUNCTIONAL DIAGRAM

The RCA-CD54/74AC373 and CD54/74AC533 and the
CD54/74ACT373 and CD54/74ACT533 octal transparent 3-
state latches use the RCA ADVANCED CMOS technology.
The outputs are transparent to the inputs when the Latch
Enable (LE) is HIGH. When the Latch Enabie (LE) goes
LOW, the data is latched. The Output Enable (OE) controls
the 3-state outputs. When the Output Enable (OE) is HIGH,
the outputs are in the high-impedance state. The latch
operation is independent of the state of the Output Enable.

The CD74AC/ACT373 and CD74AC/ACT533 are supplied in
20-lead dual-in-line plastic packages (E suffix) and in 20-
lead dual-in-line small-outline plastic packages (M suffix).
Both package types are operable over the following tempera-
ture ranges: Commercial (0 to 70°C); Industrial (-40 to
+85°C); and Extended Industrial/Military (-55 to +125°C).

The CD54AC/ACT373 and CD54AC/ACT533, available in
chip form (H suffix), are operable over the -55 to +125°C
temperature range.

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
m SCR-Latchup-resistant CMOS process and circuit design
m Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
m Balanced propagation delays
® AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
u + 24-mA output drive current
- Fanout to 15 FAST" ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE
Output Latch Data AC/ACT373 | AC/ACT533
Enable Enable Output Output
L H H H L
L H L L H
L L I L H
L L h H L
H X X z z
Note:

L = Low voltage level
H = High voltage level
| = Low voltage level one set-up
time prior to the high to low
latch enable transition

260

h = High voltage level one set-up
time prior to the high to low
latch enable transition.

X = Don't Care

Z = High Impedance State
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Technical Data

CD54/74AC373, CD54/74AC533
CD54/74ACT373, CD54/74ACT533

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VGE) -« -ttt tnetneetee e stne ettt e e e e e e e e e e e e e e e -05t06V
DC INPUT DIODE CURRENT, Iix (for Vi <-0.5V Or Vi>Voe +0.5V) ..ottt e e +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo < -0.5V orVo>Voc + 0.5 V) oeivineiiinieeieaeeeieaeannannnns. +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, Io (for Vo >-05V or Vo <Vec +05V) ................ 150 mA
DC Voc or GROUND CURRENT (loc OF BGND) -« <+« e v e evte ettt ee et e e e e e et e et e +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):

For Ta=-5510 +100°C (PACKAGE TYPE E) ....ouuuiitt ettt et e e 500 mW

For Ta=+100to +125°C (PACKAGE TYPEE) .......ovuiviiniiiiiiaaannnnn.. Derate Linearly at 8 mW/°C to 300 mW

FOr Ta=-5510 +70°C (PACKAGE TYPE M) ..\ttt et et e e et et e e e e 400 mW

For Ta=+701t0 +125°C (PACKAGE TYPEM) .....oiuininii i Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta) «ttvvvuttuneetnettt et e e et ee e i -55t0 +125°C
STORAGE TEMPERATURE (Tatg) + .t v vevtetetettete ettt et e e e et e e e e e e e e et -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10 s Maximum .. .........c.coeeneerneeunnannnnnnn. .. +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............... +300°C

“For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

CHARACTERISTIC LIMITS UNITS
) MIN. MAX. )
Supply-Voltage Range, Vcc*:
(For Ta = Full Package-Temperature Range)
AC Types 15 55
ACT Types 45 55
DC Input or Output Voltage, Vi, Vo 0 Vee Vv
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3 V(AC Types) 0 50 ns/V
at 3.6 V to 5.5 V(AC Types) . 0 20 ns/V
at 4.5 Vto 5.5 V(ACT Types) 0 10 ns/V
“Unless otherwise specified, all voltages are referenced to ground.
TERMINAL ASSIGNMENT DIAGRAMS
oE - 12 vee 0 22 vee
a0 2 o7 @ 4 2 @7
o Y 8. o7 0o -4 '8 o7
o1 4 H” pe 01 4 17 os
a3 L @ '8 &%
2 4 15, o5 @ 4 'S &
02 4 1L o5 02 L
03 Y 13 03 & 13 o,
s 12 qe @ P2 &
ano Y e GND —1“’ U E
92C8-30700
CDS54/74AC373, CD54/74ACT373 CD54/74AC533, CD54/74ACT533
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CD54/74AC373, CD54/74AC533
CD54/74ACT373, CD54/74ACT533

STATIC ELECTRICAL CHARACTERISTICS: AC Series

TEST CONDITIONS

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS Ve +25 -40to +85 55101125 | ynrs
v, 1o v .
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
v) (mA)
High-Level Input 15 1.2 — 12 — 1.2 —
Voltage Vin 3 | 21 — | 21 — | 21 — v
5.5 3.85 — 385 | — 3.85 —
Low-Level Input 1.5 — 0.3 — 0.3 — 0.3
Voltage Vi 3 — 0.9 — 0.9 — 0.9 \
5.5 — 1.65 - 1.65 — 1.65
High-Level Output -0.05 1.5 14 — 14 — 14 —
Voltage Vo | vy 0.05 3 | 20 | — | 29 | — [ 20 | —
or -0.05 45 44 — 44 — 44 —
Vi -4 3 2.58 _ 2.48 - 24 — \
-24 45 | 394 — 38 — 37 —
B 75 55 | — — 38 | — — —
-50 55 . — -_ —_ 3.85 —
Low-Level Output - 0.05 15 — 0.1 — 0.1 — 0.1
Voltage Vou | vy 0.05 3 — [ o1 — | o1 — [ o1
or 0.05 45 - 0.1 —_ 0.1 — 0.1
Vi 12 3 — 0.36 - 0.44 - 0.5 \'
24 45 - 0.36 - - 044 —_ 0.5
¥ > 75 55 — — — 1.65 — —
50 55 —_ —_ — — —_ 1.65
Input Leakage Vee
Current Iy or 5.5 - +0.1 — +1 — +1 MA
GND
3-State Leakage Viu
Current loz or
VIL
Vo= 55 —_ +0.5 -_ +5 - +10 uA
Vec
or
GND
Quiescent Supply Vee
Current, MSI lcc or 0 55 — 8 — 80 — 160 MA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-tine-drive capability at +85°C, 75 ohms at +1256°C.
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CD54/74AC373, CD54/74AC533
CD54/74ACT373, CD54/74ACT533

STATIC ELECTRICAL CHARACTERISTICS: ACT Series .

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Ve *25 -40to +85 SS104125 | nirs
)
(“’,') ("'&) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input 45
Voltage Vin to 2 — 2 —_ 2 — \
5.5
Low-Level Input 45
Voltage Vi to — 0.8 -—_ 0.8 — 0.8 v
55
High-Level Output Vi -0.05 45 44 — 4.4 — 4.4 -
Voltage Vou | 08 24 |45 [ 394 | — |38 | — | 37 | — v
u * -75 55 | — — | 38 | — — —
' -50 55 | — — — — 3.85 —
Low-Level Output Vin 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Vo | g7 24 45 | — Jos | — o4 [ — |05 |
§ 75 55 | — — — 1.65 — —
' 50 55 | — — — — — | 185
Input Leakage Vee
Current h or 55 — +0.1 — +1 — +1 HA
GND
3-State Leakage Vin
Current . loz or
Vi
Vo= 55 - +0.5 — +5 —_ +10 HA
Vee
or
GND
Quiescent Supply Vec
Current, MSI lec or 0 55 — 8 — 80 — 160 LA
GND
Additional Quiescent Supply 45
Current per Input Pin - i _ _ _
TTL Inputs High Al | Vo2 to 24 28 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

UNIT LOAD*

INPUT ACT373 ACT533
OE 0.87 0.87
Dn 05 05
LE 08 0.8

"Unit load is Alcc limit specified in Static Characteristics
Chart, e.g., 2.4 mA max. @ 25°C.
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Technical Data

CD54/74AC373, CD54/74AC533
CD54/74ACT373, CD54/74ACT533

PREREQUISITE FOR SWITCHING: AC Series

AMBIENT TEMPERATURE (T,) -°C
CHARACTERISTICS SYMBOL ‘("‘,’f -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
LE Pulse 15 44 - 50 —
Width tw 3.3 49 — 56 — ns
5% 3.5 — 4 —
Setup Time 15 2 — 2 —
Data to LE tsu 3.3 2 — 2 — ns
5 2 — 2 —
Hold Time 15 33 —_ 38 —_
Data to LE tH 33 37 — 4.2 — ns
5 2.6 —_ 3 —
*33Vimin.is@3V
15V:min.is@45V
SWITCHING CHARACTERISTICS: AC Series; t, t, = 3 ns, C, = 50 pF
v AMBIENT TEMPERATURE (T») - °C
CHARACTERISTICS SYMBOL (§§ -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: t 15 - 96 — 106
Data to Qn o 33" 3.1 10.8 3 1.9 ns
373 FrL 5t 22 77 2.1 85
533 i 15 — 119 — 131
t““‘ 33 38 13.4 3.7 147 ns
PHL 5 2.7 9.5 26 10.5
LEonQn ' 15 — 136 - 150
373 i 33 43 15.2 42 16.8 ns
Pt 5 3.1 10.9 3 12
533 t 15 - 136 — 150
t’L" 33 43 15.3 42 16.8 ns
PHL 5 3.1 10.9 3 12
Output Enable Times 4 1.5 — 119 — 131
t"ZL 33 4.1 14.4 4 15.8 ns
Pz 5 2.7 9.5 2.6 10.5
Output Disable Times 4 15 — 131 — 144
t"‘l 33 37 13.1 36 14.4 ns
PHz 5 3 10.5 29 11.5
Power Dissipation Capacitance Cro§ — 63 Typ. 63 Typ. pF
Min. (Valley) Vou Vonv
During Switching of Other Outputs See 5 4Typ. @ 25°C Vv
(Output Under Test Not Switching) Fig. 1
Max. {Peak) Vo Voip
During Switching of Other Outputs See 5 1Typ. @ 25°C \
(Output Under Test Not Switching) Fig. 1
Input Capacitance C — - 10 — 10 pF
3-State Output Capacitance Co — — 15 — 15 pF

*33V: min.is@36V

s V:

264

max.is@3V

min.is@55V
max.is @4.5V

§Crp is used to determine the dynamic power consumption, per latch.

Po = Voc? fi (Cro + Cu) where

fi = input frequency
CL = output load capacitance

Vee = supply voltage.




Technical Data

CD54/74AC373, CD54/74AC533
CD54/74ACT373, CD54/74ACT533

PREREQUISITE FOR SWITCHING: ACT Series

v AMBIENT TEMPERATURE (T.) -°C
CHARACTERISTICS SYMBOL (;f -40 to +85 -55to +125 UNITS
MIN. MAX. MIN. MAX.

LE Pulse

Width tw 5t 3.6 - 4 — ns
Setup Time _ _

Data to LE tsu 5 2 2 ns
Hold Time

Data to IE tn 5 27 —_ 3 —_ ns

5V:min.is@45V

SWITCHING CHARACTERISTICS: ACT Series; t,, t, = 3 ns, C, = 50 pF

v AMBIENT TEMPERATURE (T,) -°C
CHARACTERISTICS SYMBOL (‘7;: -40 to +85 -55 to +125 UNITS
MIN. | MAX MIN. MAX.
Propagation Delays:
Data to Qn
373 tewn 2.7 9.5 26 10.4
5t ns
533 e 3 10.4 29 11.4
TEtoQn
373 teun 5 3.1 114 3 125 ns
533 tene
Output Enable Times tra 5 35 123 34 135 ns
PZH
Output Disable Times hivd 5 3.2 114 3.4 125 ns
Power Dissipation Capacitance Cro§ — 63 Typ. 63 Typ. pF
Min. (Valley) Vou Vonv
During Switching of Other Outputs See 5 4 Typ. @ 25°C v
(Output Under Test Not Switching) Fig. 1
Max. (Peak) Vo Voir
During Switching of Other Outputs See 5 1Typ. @ 25°C v
(Output Under Test Not Switching) Fig. 1
Input Capacitance Ci — — 10 — 10 pF
3-State Output Capacitance Co — — 15 — 15 pF

t5V: min.is@55V
max.is@45V

§Ceo is used to determine the dynamic power consumption, per latch.
Po = Vec® fi (Ceo + Co) + Vee Aleg where = input frequency
Cv = output load capacitance
Vee = supply voltage.




Technical Data

CD54/74AC373, CD54/74AC533
CD54/74ACT373, CD54/74ACT533

PARAMETER MEASUREMENT INFORMATION ’ t=3m

INPUT LEVEL

ouTPUT
VOH  pisaBLE

e R ———

I \

_______________ 10%
OTHER
OUTPUTS GND
_.__.___’ - —— VoL
OUTPUT: LOW i --- Vs v
TO OFF TO LOW —=.02Vce, . (xGND)
)ﬁ/; VOH
- — — vowv Vou (Vce)
ouTPUT oH (Ve
UNDER OUTPUT: HIGH 0.
TEST TO OFF TO HIGH
—— e ————— —  VOLP I_
/ \ —)——— ————— Vo, OUTPUTS OUTPUTS OUTPUTS
ENABLED ! DISABLED ™ ENABLED
o—Q) GND (tpHZ. tPZH)
NOTES: ©—O OPEN (4 Y
1. VoHv AND VoLp ARE MEASURED WITH RESPECT TO A GROUND o— (1PHL. tPLH)
OTHER 2vcc (teoLz. tPzL),
REFERENCE NEAR THE OUTPUT UNDER TEST. e 500 0
2. INPUT PULSES HAVE THE FOLLOWING CHARACTERISTICS: pneuts 19 out AL (OPEN DRAIN)
PRS0 -1, SEW 1 . oo | 3] o Sate
3. R.F. FIXTURE WITH 700-MHz DESIGN RULES REQUIRED. O— ouTpuT
IC SHOULD BE SOLDERED INTO TEST BOARD AND BYPASSED 500 Q1 °
WITH 0.1 4 CAPACITOR. SCOPE AND PROBES REQUIRE OUTPUT
,TO-MHz BANDWIDTH. DISABLE
92C5-42406 = 92CM-42405
*FOR AC SERIES ONLY: WHEN Vcc = 1.5V, R = 1 kQ
Fig. 1 - Simultaneous switching transient waveforms. Fig. 2 - Three-state propagation delay waveforms and test circuit.
INPUT LEVEL ———-r
INPUT LEVEL — — —

DATA

TTHL DATA
LK

a 0% ay Vg g
92Cs-37132 92¢8-37133
Fig. 3 - Data to Qn output propagation delays and output Fig. 4 - Latch enable propagation delays.

transistion times.

INPUT LEVEL ————

CD54/74AC |CD54/74ACT
Input Level Vee 3v
Input Switching Voltage, Vs 0.5 Vee 15V
Output Switching Voltage, Vs 0.5 Vee 0.5 Vec

92CS-37134

Fig. 5 - Latch enable prerequisite times.
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Technical Data

CD54/74AC374, CD54/74AC534

Advance Information

374

»
o
S

00 — —Qo0 @0

D1 — —at a1

D2 — —o2 Q2

03— l—e3 @3

04 — —a4 Q3

05— l—as5 a5

06 —f —aqe Q6

07— . —a7 Q7

o8 —T Vecr20 Type Features:
cp GND=10

02cs- 42423 ® Buffered inputs

CD54/74ACT374, CD54/74ACT534

Octal D-Type Flip-Flops, 3-State -
Positive-Edge Triggered ' -
CD54/74AC/ACT374 - Non-inverting
CD54/74AC/ACT534 - Inverting

w Typical propagation delay:

FUNCTIONAL DIAGRAM

The RCA-CD54/74AC374 and CD54/74AC534 and the
CD54/74ACT374 and CD54/74ACT534 octal D-type, 3-state,
positive-edge triggered flip-flops use the RCA ADVANCED
CMOS technology. The eight flip-flops enter data into their
registers on the LOW-to-HIGH transition of the clock (CP).
The Output Enable (OE) controls the 3-state outputs and is
independent of the register operation. When the Output
Enable (OE) is HIGH, the outputs are in the high-impedance
state. The CDS54/74AC/ACT374 and CD54/74AC/ACT534
share the same pin configurations, but the CD54/74AC/
ACT374 outputs are non-inverted while the CD54/74AC/
ACTS34 devices have inverted outputs. (For flow-through
pin configurations, see CD54/74AC/ACT564 and CD54/
74AC/ACT574.) )

The CD74AC/ACT374 and CD74AC/ACT534 are supplied in
20-lead dual-in-line plastic packages (E suffix) and in 20-
lead dual-in-line small-outline plastic packages (M suffix).
Both package types are operable over the following tempera-
ture ranges: Commercial (0 to 70°C); Industrial (-40 to
+85°C); and Extended Industrial/Military (-55 to +125° C).

The CDS54AC/ACT374 and CD54AC/ACTS534, available in
chip form (H suffix), are operable over the -55 to +125xC
temperature range.

5ns @ Vec =5V, Ta=25°C, Cy = 50 pF

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
m SCR-Latch-up-resistant CMOS process and circuit design
= Speed of bipolar FAST*/AS/S with significantly -
reduced power consumption
m Balanced propagation delays
w AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
® + 24-mA output drive current
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines

"FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE
INPUTS OUTPUTS
374 534
OE cP Dn Qn Qn
L A H H L
L e L L H
L L X QO QO
H X X P4 Zz

H = High level (steady state)

L = Low level (steady state)

X = Don't care

—/~ = Transition from low to high level

QO = The level of Q before the indicated steady-state input
conditions were established

Z = High impedance

File Number 1883
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Technical Data

CD54/74AC374, CD54/74AC534
CD54/74ACT374, CD54/74ACT534

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VGC) «+ vt vttt ettt et et it et st e ettt ettt -05to6V
DC INPUT DIODE CURRENT, lk (for Vi <-0.5VorVi>Vec +05V) ..o +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-05VorVo>Vec+05V) ..ot +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo {for Vo >-05V orVo<Vec +05V) .............. +50 mA
DC Vgc or GROUND CURRENT (lec or |GND) ............. S I T S +100 mA*
POWER DISSIPATION PER PACKAGE (Po):

For Ta=-5510 +100°C (PACKAGE TYPE E) .. ..ottt ... 500 MW

For Ta= +100to +125°C (PACKAGE TYPEE) ........o oot Derate Linearly at 8 mW/°C to 300 mW

For Ta=-55t0 +70°C (PACKAGE TYPE M) ... .ot e e e 400 mW

For Ta = 170 to +125°C (PACKAGE TYPE M)

OPERATING-TEMPERATURE RANGE (TA) « ettt ettt -55to +125°C
STORAGE TEMPERATURE (Tstg) -« v e vt neerentttuenana et ettt ettt ettt -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 + 1/32 in. (1.59 & 0.79 mm) from case for 10 S maximum ........... ... iiiinens +265°C
Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C
*For up to 4 outputs per device; add + 25 mA for each additional output.
RECOMMENDED OPERATING CONDITIONS: .
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges: : .
CHARACTERISTIC ' LIMITS UNITS
MIN. MAX. ’
Supply-Voltage Range, Vcc™:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 Vv
ACT Types 45 55 \
DC Input or Output Voltage, Vi, Vo .0 Vee \
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3V (AC Types) Q 50 ns/V
at 3.6 Vto 5.5V (AC Types) 0 20 ns/V
at4.5V to 5.5 V (ACT Types) 0 10 ns/V

*Unless otherwise specified, ali voltages are referenced to ground.

TERMINAL ASSIGNMENT DIAGRAMS

OF —'-1 2 vee oF ﬂ——\J——‘Q vee
a0 -4 0 o7 @ 2 e &7
0o - H2 o7 oo - 18 o7
o1 4 2 o6 o1 A 7. pe
a1 LA @i 2 e G
a2 Y 1S a5 @z Y 1S o
02 H 4 o5 02 LA
o3 2 'S ps o3 & S ps
a3 Y 12 qq @ h2
GND 1 I ce ano Y LS
e p——
CD54/74AC/ACT374 CD54/74AC/ACT534




Technical Data

CD54/74AC374, CD54/74AC534
CD54/74ACT374, CD54/74ACT534

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T, -°C
TEST CONDITIONS
CHARACTERISTICS Vee +25 -401o +85 5101125 | yuirs
V)
v, Io (
™ (mA) MIN. MAX. MIN. | MAX. MIN. MAX.
High-Level Input 15 1.2 — 12 - 12 —
Voltage Vin 3 | 21 — | 21 — | 21 - v
55 3.85 — 3.85 —_ 3.85 —
Low-Level input 15 - 0.3 - 0.3 —_ 0.3
Voltage Vi 3 — o9 | = [ 09 | = | o9 v
55 — 165 —_ 1.65 — 1.65
High-Level Output -0.05 1.5 1.4 — 14 — 14 —
Voltage Vou | vy, 0.05 3 [ 2o | = 29 | — [ 20 | =
or 005 | 45 | 44 — 44 — 44 —
Vi -4 3 2.58 — 2.48 — 24 — Vv’
-24 45 3.94 — 3.8 - 3.7 —
- ‘ 75 55 | — — |38 | — — —
-50 5.5 — — — _ 3.85 —_
Low-Level Output 0.05 15 — 0.1 — 0.1 — 0.1
Voltage Vo |y, 0.05 3 — | o1 — | o1 — | o1
or 0.05 45 - 0.1 — 0.1 — 0.1
Vi 12 3 — 0.36 — 0.44 — 0.5 v
24 45 - 0.36 — 0.44 — 0.5
- 75 55 | — — — |15 | — —
50 5.5 - - — - — 1.65
Input Leakage Vee
" Current h or 55 - +0.1 — +1 - +1 uA
GND
3-State Leakage Vin
Current loz or
Vi
Vo= 55 — +0.5 — +5 — +10 MA
Vee
or
GND
Quiescent Supply ) Vee ]
Current, MSI lec or 0 55 — 8 — 80 — 160 HA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-chm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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Technical Data

CD54/74AC374, CD54/74AC534
CD54/74ACT374, CD54/74ACT534

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Vee +25 -40 to +85 55104125 | TS
V) [~
v, o | ¢
) (mA) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input 45
Voltage Vi to 2 . 2 — 2 — \
55
Low-Level Input 45
Voltage Vi to — 08 — 0.8 — 08 \
55
High-Level Output f Vin -0.05 45 | 44 — 44 — 44 —
Voltage Vou | 1 24 |45 | 394 | — [ 38 | — |37 | — v
# * -75 55 — — 3.85 — — —
-50 55 — — — — 3.85 —
Low-Level Output Vi 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Vo | Vi 24 45 | — |o036 | — |o0a4 | — |05 |
§ - [ 75 55 | — — — 1.65 — —
50 55 — — — — — 1.65
Input Leakage Vee
Current > or 55 — +0.1 — *1 — +1 HA
GND
3-State Leakage Vi
Current loz or
Vi
Vo= 55 — 105 — +5 — +10 pA
Vee
or
GND
Quiescent Supply Vee
Current, MSI lec or 0 55 — 8 — 80 — 160 LA
GND
Additional Quiescent Supply 45
Current per input Pin N " _ _ _
TTL Inputs High Alce Vee-2.1 to 24 28 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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ACT INPUT LOADING TABLE

INPUT 1 uNIT LOADS*
D, OE 07
CP 117

*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 2.4 mA max. @ 25°C.




Technical Data

CD54/74AC374, CD54/74AC534
CD54/74ACT374, CD54/74ACT534

PREREQUISITE FOR SWITCHING: AC Series

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL &f -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.

Clock Pulse 1.5 44 — 50 — :
Width tw 3.3 49 — 5.6 — ns

5t 3.5 — 4 —

Setup Time 15 2 — 2 —
Data to Clock - tsu 33 2 — 2 — ns

5 2 — 2 —

Hold Time 15 2 — 2 —
Data to Clock th 33 2 — 2 — ns

5 2 — 2 —

Maximum Clock 1.5 1 — 10 -

Frequency fmax 3.3 101 — 89 — MHz
) 5 143 — 125 —

*33Vimin.is@3V
t5Vimin.is@45V

SWITCHING CHARACTERISTICS: AC Series; t, t, = 3 ns, C,_ = 50 pF

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘("‘;;’ -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: tows 15 — 123 — 135
Clock to Q tor 33" 39 13.7 38 15.1 ns
AC374 5t 2.8 9.8 2.7 10.8
Clock to Q ¢ 15 - 128 - 141
AC534 ("“‘ 33 4.1 14.4 4 15.8 ns
L 5 29 10.3 2.8 11.3
Output Enable to Q, Q . 15 _ 165 _ 181
o 33 5.6 19.8 55 21.8 ns
i 5 37 13.2 36 145
Output Disable to Q, Q . 15 _ 165 _ 181
N 3.3 47 16.5 45 18.1 ns
Pz 5 37 13.2 36 14.5
Power Dissipation Capacitance Cen§ — 67 Typ. 67 Typ. pF
Min. (Valley) Von Vony
During Switching of Other Outputs See 5 4Typ. @ 25°C Vv
(Output Under Test Not Switching) Fig. 1
Max. (Peak) Vo, Vore
During Switching of Other Outputs See 5 1Typ. @ 25°C \
{Output Under Test Not Switching) Fig. 1
Input Capacitance Ci — — 10 — 10 pF
3-State Output Capacitance Co — — 15 — 15 pF

*33V: min.is@36V
max.is@ 3V

t5V: minis@55V
max. is@ 4.5V

§Cro is used to determine the dynamic power consumption, per flip flop.
Po = Ceo Ve’ fi + 3 Viec? fo CL where  f; = input frequency
fo = output frequency
C. = output load capacitance
Vcc = supply voltage.
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Technical Data

CD54/74AC374, CD54/74AC534

CD54/74ACT374, CD54/74ACT534

PREREQUISITE FOR SWITCHING: ACT Series

vCC

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS SYMBOL ) -40 to +85 -55to +125 UNITS
MIN. MAX. MIN. MAX.
Clock Pulse
Width tw 5t 3.9 — 45 — ns
Setup Time
Data to Clock tsu 5 2 - 2 - ns
Hold Time k
Data to Clock tu 5 26 - 3 - ns
Maximum Clock
Frequency fmax 5 125 — 110 -— MHz
i5V:min.is@45V
SWITCHING CHARACTERISTICS: ACT Series; t, t, = 3 ns, C,_ = 50 pF
v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (“,’;’ -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: t
Clock to Q t"“‘ 5t 29 10.2 238 11.2 ns
ACT374 L .
Clock to Q teun
ACT534 ton 5 3 10.6 29 1.7 ns
Output Enable and trz
Disable to Q tenz
ACT374 ton 5 37 13.2 3.6 145 ns
tezn
Output Enable and tez
Disable to Q terz
ACT534 to 5 3.7 13.2 3.6 145 ns
trzn
Power Dissipation Capacitance Cro§ — 67 Typ. 67 Typ. pF
Min. (Valley) Von Vonv
During Switching of Other Outputs See 5 4 Typ. @ 25°C v
(Output Under Test Not Switching) Fig. 1
Max. (Peak) Vo Vorp
During Switching of Other Outputs See 5 1Typ. @ 25°C \
(Output Under Test Not Switching) Fig. 1
Input Capacitance C — — 10 — 10 pF
3-State Output Capacitance Co — = 15 — 15 pF

15V: min.is@55V
max.is@45V

§Cep is used to determine the dynamic power consumption, per flip flop.

Ppo = Cep Ve fi + Vec© fo CL + Vee Alcc where  fi = input frequency
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fo = output frequency
C. = output load capacitance

Vee = supply voltage.




Technical Data

CD54/74AC374, CD54/74AC534
CD54/74ACT374, CD54/74ACT534

PARAMETER MEASUREMENT INFORMATION

t4=3ns

INPUT LEVEL

OUTPUT
DISABLE

OTHER

ouTPUTS
"""" - OUTPUT: LOW --- Vs
TO OFF TO LOW __ 0.2V,
CCvoL (=GND)
Vohn {(£Vce)
ONDER OUTPUT: HIGH —~ 08Vce on i=¥ec
TEST TO OFF TO HIGH Vs
L-’ y OUTPUTS OUTPUTS OUTPUTS
TENABLED DISABLED ENABLED
NOTES: o0—Q GND (1pHZ, tPZH)
1. VOHv AND Vo _p ARE MEASURED WITH RESPECT TO A GROUND o—0
REFERENCE NEAR THE OUTPUT UNDER TEST. O—. OPEN (tPHL. tPLH)
2. INPUT PULSES HAVE THE FOLLOWING CHARACTERISTICS: OTHER 2Vec (tpLz. tPZL).
PRAR < 1 MHZ, t; = 3 s, 1y = 3 ns, SKEW 1 ns. INPUTS O— pur 500 0° (OPEN DRAIN)
3. R.F. FIXTURE WITH 700-MHz DESIGN RULES REQUIRED. (TIEDHIGH } O—— WITH RL
1C SHOULD BE SOLDERED INTO TEST BOARD AND BYPASSED OR LOW) l 3-STATE ourt
WITH 0.1 .F CAPACITOR. SCOPE AND PROBES REQUIRE O_‘ OUTPUT
700-MHz BANDWIDTH. 5000 °
OUTPUT
92C5-42406 DISABLE
- 92CM-42405
*FOR AC SERIES ONLY: WHEN Vcc = 1.5V, Ry = 1 kQ
*For AC series only: When Vgc = 1.5V, R = 1 kQ
Fig. 1 - Simultaneous switching transient waveforms. Fig. 2 - Three-state propagation delay waveforms and test circuit.

92Cs - 36954R(

92CS-38404R)

ouTPUT

L =
OUTPUT T 50 pF
LOAD l. i
“FOR AC SERIES ONLY: WHEN
Vec =18V, R =1k

92C$-42389

Fig. 3 - Propagation delay times and test circuit.

CD54/74AC (CD54/74ACT
Input Level Vee 3v
Input Switching Voltage, Vs 0.5 Vee 1.5V
Qutput Switching Voltage, Vs 0.5 Vee 0.5 Ve
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Technical Data

CD54/74AC540, CD54/74AC541
CD54/74ACT540, CD54/74ACT541

Octal Buffer/Line Drivers, 3-State

541 540
a0 —2 e Yo Yo
a—3 v W .
a2 2] e vo W CD74AC/ACTS40 - Inverting
a3—2] ' vs 3 CD74AC/ACT541 - Non-Inverting
as—2 LV Ya
prymd 3 _vs v5
a6 —8 12 6 Ve Type Features:
ar—2] W ve vz » Buffered inputs
5t ﬂ—cunx © m Typical propagation delay:o
EL Vee-20 45ns@ Vec =5V, Ta=25°C, C. = 50 pF
92CS - 42408
FUNCTIONAL DIAGRAM

The RCA-CD54/74AC540, -541 and CD54/74ACT540, -541
octal buffer/line drivers use the RCA ADVANCED CMOS
technology. The CD54/74AC/ACT540 are inverting 3-state
buffers having two active-LOW output enables. The
CD54/74AC/ACT541 are non-inverting 3-state buffers hav-
ing two active-LOW ouput enables.

The CD74AC540, -541 and CD74ACT540, -541 are supplied
in 20-lead dual-in-line plastic packages (E suffix) and in 20~
lead dual-in-fine smalil-outline plastic packages (M suffix).
Both package types are operable over the following temp-
erature ranges: Commercial (0 to 70°C); Industrial (-40 to
+85°C); and Extended Industrial/Military (-55 to +125°C).

The CD54ACS540, -541 and CD54ACT540, -541, available in
chip form (H suffix), are operable over the -55 to +125°C
temperature range.

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
® SCR-Latchup-resistant CMOS process and circuit design
® Speed of bipolar FAST®/AS/S with significantly
reduced power consumption
» Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply.
® + 24-mA output drive current
- Fanout to 15 FAST® |Cs
- Drives 50-ohm transmission lines

®FAST is a Registered Trademark-of Fairchild Semiconductor Corp.

TRUTH TABLE TRUTH TABLE
CD54/74AC/ACT540 CD54/74AC/ACT541
INPUTS OUTPUTS INPUTS OUTPUTS
OE1, OE2 A Y OE1, OE2 A Y
L L H L L H
L H L L H L
H X z H X z

H = High Voltage

L = Low Voltage

X = immateriat

Z = High Impedance
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Technical Data

CD54/74AC540, CD54/74AC541
CD54/74ACT540, CD54/74ACT541

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VEC) - vt tttttitiie ettt ettt et ettt e et e ettt et -05to6V
DC INPUT DIODE CURRENT, I (for Vi < —0 SVOrVi>Vec+05V) oo +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-0.5V OrVo>Vec +05V) nitiiiiiiiiii i +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-0.5V orVo<Vec +05V) .............. +50 mA
DC Ve of GROUND CURRENT (166 OF IGND) -« e e e eeetttttttee e e e e e e ettt ettt +100 mA*
POWER DISSIPATION PER PACKAGE (Po): )
For Ta =-5510 +100°C (PACKAGE TYPE E) .....0iuinii ittt it et 500 mW
For Ta=+10010 +125°C (PACKAGE TYPEE) .......ouiiiiiiiinnnaninnnn, Derate Linearly at 8 mW/°C to 300 mW
For Ta=-5510 +70°C (PACKAGE TYPE M) .. ... ittt ittt ettt ettt e 400 mW
For Ta=+70t0 +125°C (PACKAGE TYPEM) ......oiniiiiiiiiiniiniaannn, Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta) - .eunttetitattetieeete e et e ee e ie et ie e eiaenns -55to +125°C
STORAGE TEMPERATURE (Tatg) o vvoeteeieeeeteetetiete e eeee e ee e e eeeanns -65to +150°C
LEAD TEMPERATURE (DURING SOLDERING): :
At distance 1/16 + 1/32 in. (1.59 £ 0.79 mm) from case for 10 S MaXimumM .. ............ouvuerneenenenenennnn.. +265°C
Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C
* For up to 4 outputs per device; add t 25 mA for each additional output.
RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:
CHARACTERISTIC LIMITS UNITS
MIN. MAX.
Supply-Voltage Range, Vec*:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 v
. ACT Types 45 55 "
DC Input or Output Voltage, Vi, Vo 0 Vee \'}
Operating Temperature, Ta: -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5 Vto 3 V (AC Types) . 0 50 ns/V
at3.6 Vto 5.5V (AC Types) . [ 20 ns/V
at4.5Vto 55V (ACT Types) ] 10 ns/V
*Uniess otherwise specified, all voltages are referenced to ground.
TERMINAL ASSIGNMENT DIAGRAMS
- 7 1R w7 Py
a0 9 55 a0 _+ ' 5
ar Y 18 ¥6 ar Y P8 vo
Az 4 17 = Y1
a3 4 e :_; A3 —5- E v2
ac S v A 1S va
as - 4 7 as 1 va
£ 13 5 26 2 12 vs
ar 2 75 ar P2 ve
GND ml "7 GND 101 L v?
92CS- 26008
CDS4/74AC/ACT540 CDS54/74AC/ACTS41
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STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Ve | 25 ~40 to +85 55104125 | yniTs
v)
Vi lo ( MIN. | MAX. | MIN. | MAX. | MIN. | MAX
V) ") . . . . .
High-Level Input 15 | 1.2 — 12 — 1.2 —
Voltage Vin 3 2.1 — 2.1 — 21 — v
55 | 38 | — | 385 | — 385 | —
Low-Level Input 15 - 03 — 03 — 0.3
Voltage Vi 3 — 0.9 — 09 — 0.9 v
55 | — 165 | — 165 | — 1.65
High-Level Output -0.05 1.5 1.4 — 1.4 — 14 -
Voltage Vo Vin -0.05 3 29 — 29 — 29 —
or 005 | 45 | 44 — 44 — 44 —
Vi -4 3 | 258 | — | 248 [ — 24 — v
Y] 45 | 394 | — 3.8 — 37 —
- 75 55 | — — |38 [ — — —
-50 55 | — — — — |38 | —
Low-Level Output 0.05 15 — 0.1 — 0.1 — 0.1
Voltage Vo Vim 0.05 3 — 0.1 — 0.1 — 0.1
or 0.05 45 | — 0.1 — 0.1 — 0.1
Vi 12 3 — J o3 [ — | o044 — 05 v
24 45 | — |03 | — | o4 | — 05
- 75 55 | — — — 165 | — —
50 55 | — — — — — 1.65
Input Leakage Vee
Current Iy or 5.5 — +0.1 — +1 — +1 MA
GND
3-State Leakage Vin
Current loz or
Vi
Vo= 55 | — | 05 | — +5 — | 210 | uA
Vee
or
GND
Quiescent Supply Vee
Current, MSI lee or 0 55 — 8 — 80 — 160 uA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
* Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
- TEST CONDITIONS . .
CHARACTERISTICS Vee +25 40 to +85 55 to +125 UNITS
v)
(“’,') ( "'&) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input 45 |
Voitage Vin : to 2 — 2 — 2 — \
: 55
Low-Level Input 45
Voltage Vi to -_ 0.8 — 0.8 — 0.8 \
: 5.5
High-Level Output Vin -0.05 45 4.4 — 44 — 4.4 —
Voltage Vou | v 24 |45 [ 304 | — [ 38 | — |37 | — v
4 -75 55 | — — | 38 | — — —
' -50 55 | — — — — |38 | —
Low-Level Output Vin 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Vo | " 24 a5 | — o3 [ — o4 | — (05 | |
4 75 55 | — — — 165 | — —
) 50 55 | — — — — — | 185
Input Leakage Vec ’
Current I or 55 — +0.1 — +1 — +1 A
GND
3-State Leakage Vin
Current loz or
' Vi
Vo= 55 — +0.5 — +5 — +10 | wA
Vee
or
GND
Quiescent Supply Vee
Current, MS| lcc or 0 55 — 8 — 80 — 160 UA
GND
Additional Quiescent Supply 45
Current per Input Pin " iy _ _ _
| TTL Inputs High Alee | Veo21 to 24 2.8 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
* Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT UNIT LOAD*
540 541
DATA 1.42 05
OE1, OE2 1.3 1.3

*Unit load is Alcc limit specified in Static Characteristics
Chart, e.g., 2.4 mA max. @ 25°C.
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SWITCHING CHARACTERISTICS: AC Series; 1, t, = 3 ns, C,_ = 50 pF

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘(I\if . =40 to +85 -55 to +125 UNITS
] MIN. MAX. MIN. ‘MAX.
Propagation Delays: t 15 - 77 — 85
Data to Output o 33 24 | 86 24 95 ns
AC540 Pk 5t 18 6.2 17 6.8
AC541 1.5 — ‘89 — 98
teLh 33 28 9.9 27 109 ns
tere 5 2.1 7.1 2 78
Enable, to Output trz 1.5 — 136 — 150
to Output . tezn 33 © 4.6 16.4 45 18 ns
: 5 3.1 10.9 3 12
Disable to Output trLz 15 - 136 — 150
to Output tenz 33 39 136 3.8 15 ns
5 31 109 3 12
Power Dissipation Capacitance
AC540 - 60 Typ. 60 Typ. s
AC541 Crot - 60 Typ. 60 Typ. pF
Min. (Valley) Vou Vonv )
During Switching of Other Outputs See - 5 4 Typ. @ 25°C v
(Output Under Test Not Switching) Fig. 1
Max. (Peak) Vo. Voie
During Switching of Other Outputs See 5 1Typ. @ 25°C v
(Output Under Test Not Switching) Fig. 1
Input Capacitance C . — 10 — 10 pF
3-State Output Capacitance Co — - 15 — 15 pF

SWITCHING CHARACTERISTICS: ACT Series; t, t, = 3 ns, C, = 50 pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (‘;; -40 to +85 -55 to =125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: t
Data to Output o st 19 6.5 1.8 7.2 ns
ACT540 Prt
ACT541
teLn 5t 21 75 21 8.2 ns
terL
Enable to Output tezL .
tezn 5 3.5 122 34 134 ns
Disable to Output tez
tenz 5 3.5 12.2 34 134
Power Dissipation Capacitance
ACT540 - 60 Typ. 60 Typ.
ACT541 Crof§ — 60 Typ. 60 Typ. pF
Min. (Valley) Von Vonv
During Switching of Other Outputs See 5 4 Typ. @ 25°C "
(Output Under Test Not Switching) Fig. 1
Max. (Peak) VoL Voir
During Switching of Other Outputs See 5 1 Typ. @ 25°C v
(Output Under Test Not Switching) Fig. 1
Input Capacitance Ci — = 10 — 10 pF
3-State Output Capacitance Co — — 15 — 15 pF
*3.3V: min.is@36V §Cro is used to determine the dynamic power consumption, per channel.
max.is @3V For AC series, Po = Vcc® i (Cep + Cu)

For ACT series, Po = Vec® fi (Cro + Ci) + Vec Alec where f; = input frequency
C. = output load capacitance
Vce = supply voltage.

15V: min.is@55V
max.is @45V
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PARAMETER MEASUREMENT INFORMATION

14=3ns ty =
J r=3ns INPUT LEVEL
ourput |/
l..__a---- VoH DISABLE
OTHER
OUTPUTS
\ .
_————— e —— VoL

OUTPUT: LOW

TO OFF TO LOW

__.02Vvcce,

o VoL (£GND)
— " vou ,
OUTPUT Vorv OUTPUT: HIGH Vou (=Vee)
unoen TO OFF TO HIGH
—————— — — Vorp
——/\/—)— - T T TT T Vo OUTPUTS OUTPUTS I OUTPUTS
ENABLED DISABLED ENABLED
o0—Q GND (tpHZ. tpzH)
NOTES: ©—O OPEN (tpHL. tpLH)
1. VOHv AND Vg p ARE MEASURED WITH RESPECT TO A GROUND OTHER O— 2Vcc (tpLz. trzL)
REFERENCE NEAR THE OUTPUT UNDER TEST. INPUTS | O—  pur 500 0° (OPEN DR im) :
2. INPUT PULSES HAVE THE FOLLOWING CHARACTERISTICS: (TIED HIGH | O WITH AL
PRR < 1 MHz, 1, = 3 ns, if = 3 ns, SKEW 1 ns. OR LOW) l 3-STATE out
3. R.F. FIXTURE WITH 700-MHz DESIGN RULES REQUIRED. O—— outeut
1C SHOULD BE SOLDERED INTO TEST BOARD AND BYPASSED CL 5000 °
WITH 0.1 ,F CAPACITOR. SCOPE AND PROBES REQUIRE OUTPUT ~ | T soeF RL
700-MHz BANDWIDTH. DISABLE =
= 92CM-42405
92CS-42406

*FOR AC SERIES ONLY: WHEN Vo = 1.5V, R = 1 k()

Fig. 1 - Simultaneous switching transient waveforms.

OuUTPUT

Fig. 2 - Three-state propagation delay waveforms and test circuit.

tr=3ns

R > INPUT
m 5008 LEVEL — T Fr———mm———r
1 -
OUuTPUT §5 F o N
LOAD]_: e GND T T T T
“FOR AC SERIES ONLY: WHEN
Veec=15V,RL=1kQ OUY%UT
AC/ACTS40 +
_— e — —— Vg
92cs-42389 |
'PHL j tPLH
ek = e ton
ouTpuT e — = = Y- — g
\4
AC/ACTSS1 92C5-42409

Fig. 3 - Propagation delay times and test circuit.

Input Level

Input Switching Voltage, Vs

Output Switching Voltage, Vs

CD54/74AC |CD54/74ACT
Vec 3V
0.5 Vee 15V
0.5 Vee 0.5 Vec
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« Octal Transparent Latch, 3-State

563 573
0o — — ao
01 — F—ar .
02 —] | a2 o2 CD54/74AC/ACT563 - Inverting
03 — —3a3 a3 CD54/74AC/ACTS573 - Non-inverting
04 — —ad aqa
05 — —as a5
06 — — Q6 as
07 — —a7 a7 Type Features:
o | [ ] Buf{ered inputs ) ]
= 02¢s-42546 u Typical propagation delay:
FUNCTIONAL DIAGRAM 43ns @ Vec =5V, Ta=25°C, CL =50 pF

The RCA-CD54/74AC563 and CD54/74AC573 and the
CD54/74ACT563 and CD54/74ACT573 octal transparent 3-
state latches use the RCA ADVANCED CMOS technology.
The outputs are transparent to the inputs when the Latch
Enable (LE) is HIGH. When the Latch Enable (LE) goes
LOW, the data is latched. The Output Enable (OE) controls
the 3-state outputs. When the Output Enable (OE) is HIGH,
the outputs are in the high-impedance state. The latch
operation is independent of the state of the Output Enable.

The CD74AC/ACT563 and CD74AC/ACTS573 are supplied in
20-lead dual-in-line plastic packages (E suffix) and in 20-
lead dual-in-line small-outline plastic packages (M suffix).
Both package types are operable over the following tempe-
rature ranges: Commercial (0 to 70°C); Industrial (-40 to
+85°C); and Extended Industrial/Military (-55 to +125°C).

The CD54AC/ACT563 and CD54AC/ACTS573, available in chip
form (H suffix), are operable over the -55 to +125°C
temperature range.

" Family Features:

m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
m SCR-Latchup-resistant CMOS process and circuit design
m Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
m Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
m * 24-mA oulput drive current
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE

Output Latch Data AC/ACT563 | AC/ACTS73
Enable Enable Output Output

L H H L H

L H L H L

L L | H L

L L h L H

H X X z 4

Note:
L = Low voltage level
H = High voltage level
I = Low voltage level one set-up
time prior to the high to low
latch enable transition

h = High volitage level one set-up
time prior to the high to low
latch enable transition.

X = Don't Care

Z = High impedance State

File Number 1956




Technical Data

CD54/74AC563, CD54/74AC573
CD54/74ACT563, CD54/74ACT573

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VCC) .+ttt ettt ettt ettt e ettt e e e e e e e -05t06V
DC INPUT DIODE CURRENT, lix (for Vi <-05V arVi>Vec +0.5V) ..., [ +20 mA
DC OUTPUT DIODE CURRENT, lox (for Vo <-0.5V.0r Vo >Vee + 0.5 V) ettt +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo> -05V orVo<Vec +05V) ................ +50 mA
DC Ve or GROUND CURRENT (I OF IGND) « « « « « v v vvvtie e e ettt ettt e e e e e et ee et et e +100 mA*
POWER DISSIPATION PER PACKAGE (Po):

For Ta=-5510 +100°C (PACKAGE TYPE E) ........\uuiiiirnteitiee ettt et e 500 mW

For Ta=+100t0 +125°C (PACKAGE TYPEE) ......o.uvueeeieaaeaaaann, Derate Linearly at 8 mW/°C to 300 mW

FOr Ta=-5510 +70°C (PACKAGE TYPE M) . ...uuniinitttiii ettt e e e e 400 mW

For Ta= 47010 +126°C (PACKAGE TYPEM) .........c.iiniiiieinnaann.. Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (T,):

PACKAGE TYPE F ...ttt ettt e e e e e e e e e e e -565 to +125°C

PACKAGETYPEE,M ...... ettt a e, -40 to +125°C
STORAGE TEMPERATURE (Tstg) et eteteeee et ettt te et ettt e e et e e e -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32 in. (1.59 = 0.79 mm) from case for 10 S MaXiMUM ..........oeunerrnene e, +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tips only ............... +300°C

*For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

LIMITS
HARACTERISTI NITS
CHAR sTe MIN. MAX. u
Supply-Voltage Range, Vec™:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 v
ACT Types 45 55 v
DC Input or Output Voltage, Vi, Vo 0 Vee \
Operating Temperature, Ta: -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3 V(AC Types) 0 50 ns/V
at 3.6 V to 5.5 V(AC Types) 0 20 ns/V
at4.5V to 55 V(ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.

TERMINAL ASSIGNMENT DIAGRAMS

CD54/74AC563, CD54/74ACTS63 CD54/74AC573, CD54/74ACT573
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CD54/74AC563, CD54/74AC573
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STATIC ELECTRICAL CHARACTERISTICS: AC Series

TEST CONDITIONS

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS Ve +25 -40 to +85 55104125 | TS
(“’,') ("'&) W MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input 15 1.2 — 1.2 —_ 1.2 —
Valtage Vi 3 | 21 — | 21 — | 21 — v
55 3.85 - 3.85 —_ 3.85 — )
Low-Level Input 1.5 — 03 — 0.3 — 0.3
Voltage Vi 3 — o9 | — J o9 | — | o9 v
55 - 165 - 1.65 — 1.65
High-Level Output -0.05 1.5 14 — 14 — 1.4 —
Voltage Vou |y -0.05 3 | 29 | — | 290 | — [ 20 | —
or -0.05 45 44 —_ 4.4 — 44 -
Vi -4 3 2.58 — 2.48 —_ 24 — Vv
-24 45 3.94 - 38 . 37 —_
- -75 55 | — — | 38 | — — -
-50 55 — —_ — . 3.85 -
Low-Level Output 0.05 15 —_ 0.1 — 0.1 — 0.1
Voltage Vo | vy, 0.05 3 — | o1 — | o1 — | o1
or 0.05 45 — 0.1 — 0.1 - 0.1
Vi 12 3 — 0.36 — 0.44 — 0.5 A
24 45 _ 0.36 — 0.44 — 0.5
. 75 55 | — — — 1.65 — —
50 5.5 — - — — - 1.65
Input Leakage Vee
Current h or 55 — +0.1 — +1 — +1 LA
GND
3-State Leakage Vin
Current loz or
VIL
Vo = 55 —_ +0.5 - 15 - +10 LA
Vee
or
GND
Quiescent Supply Vee
Current, MSI lec or 0 55 — 8 — 80 — 160 LA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS +25 -40 to +85 5510 +125
CHARACTERISTICS - Vee UNITS
A/ lo ™ | mIN. | MAX. | MIN. | MAX. | MIN. | MAX
V) (mA)
High-Level Input 45 !
Voltage Vin to 2 - 2 — 2 — Vv
, . 55
Low-Level Input 45
Voltage Vi to — 0.8 — 0.8 — 08 v
5.5
High-Level Output Vin -0.05 4.5 44 — 4.4 — 44 —
Voltage Von or -24 45 | 394 | — 38 | — | 37 | —
Vi = - - - \"
b x { 75 |55 | — — | 385 | — — —
-50 5.5 - - o — 3.85 —
Low-Level Output Vie 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Vo or
Vi - 24 4.5 — 0.36 — 0.44 — 0.5 v
' x { 75 55 | — | — — |16 | — | —
50 5.5 — . — — — 1.65
Input Leakage Vee
Current | or 55 — +0.1 — +1 — +1 UA
GND )
3-State Leakage Vin
Current loz or
Vi
Vo= 5.5 — +0.5 - +5 — +10 uA
Vee
or
GND
Quiescent Supply ' Vee
Current, MSI lec or 0 5.5 — 8 — 80 — 160 MA
GND
Additional Quiescent Supply 45
Current per Input Pin - ; = _ _
TTL Inputs High Alee | Vo2 to 24 2.8 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

UNIT LOAD*

INPUT ACT563 ACT573
OE 0.87 0.87
Dn 05 05
LE 0.8 0.8

*Unit load is Alcc limit specified in Static Characteristics
-Chart, e.g., 2.4 mA max. @ 25°C.
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PREREQUISITE FOR SWITCHING: AC Series

v AMBIENT TEMPERATURE (T,) -°C
CHARACTERISTICS SYMBOL | (yy -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.

LE Pulse 15 44 - 50 —
Width tw a3 49 - 56 - ns

5t 35 — 4 —

Setup Time_ 15 2 — 2 —
Data to LE tsu 3.3 2 _— 2 -_ ns

5 2 — 2 —

Hold Time__ 15 33 — 38 -
Data to LE tu 33 3.7 — 4.2 — ns

5 26 — 3 -

*33V:min.is@3V
t5V:min.is@4.5V

SWITCHING CHARACTERISTICS: AC Series; i, t, = 3 ns, C, = 50 pF

v AMBIENT TEMPERATURE (Ta) - °C
CHARACTERISTICS SYMBOL (ﬁ -40 10 +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: t 15 - 119 —_ 131
Data to Qn oy 3.3 38 13.4 37 14.7 ns
AC563 i 5t 2.7 95 26 10.5
AC573 N 1.5 — 96 — 106 .
vl 33 31 10.8 3 119 ns
PHL 5 22 7.7 2.1 85
CEonQn b 15 — 136 — 150
AC563 — 33 43 15.3 42 16.8 ns
L 5 3.1 10.9 3 12
AC573 4 15 — 136 — 150
tPLH 33 43 15.3 4.2 16.8 ns
PHL 5 31 10.9 3 12
Output Enable Times N 15 —_ 119 — 131
t"“ 33 4.1 14.4 4 15.8 ns
Pz 5 2.7 9.5 26 10.5
OQutput Disable Times towz 15 — 131 — 144
tonz 3.3 3.7 13.1 3.6 144 ns
5 3 10.5 29 11.5
Power Dissipation Capacitance : Ceo§ — 63 Typ. 63 Typ. pF
Min. (Valley) Vor Vonv
During Switching of Other Outputs See 5 4Typ. @ 25°C v
(Output Under Test Not Switching) Fig. 1
Max. (Peak) Voo Voue .
During Switching of Other Outputs See 5 1 Typ. @ 25°C \
(Output Under Test Not Switching) Fig. 1
Input Capacitance C = — 10 — 10 pF
3-State Output Capacitance Co — — 15 — 15 pF
*33V: min.is@36V . §Cro is used to determine the dynamic power consumption, per latch.
max.is@3V Po = Ve fi (Cep + CL) where f; = input frequency
t5V: min.is@55V Ce = output Ioald capacitance
max. is @ 45 V Vce = supply voitage.
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PREREQUISITE FOR SWITCHING: ACT Series

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (“;f -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.

LE Pulse

Width tw 5t 35 - 4 — ns
Setup Time — —

Datato LE tsu 5 2 2 ns
Hold Time

Data to LE t 5 26 — 3 _ ns

t5V:min.is@45V

SWITCHING CHARACTERISTICS: ACT Series; t, t, = 3 ns, C_= 50 pF

v AMBIENT TEMPERATURE (T,) - °C .
CHARACTERISTICS SYMBOL (ﬁ: -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays:
Data to Qn ten
563 torL 5t 29 10.4 29 1.4 ns
573 27 94 2.6 104
CEtoQn tou
563 t 5 3.2 1.4 3.1 125 ns
573 i
Output Enable Times tezL 5 35 123 34 135 ns
: trzn : ’ ’ :
Output Disable Times teLz 5 32 14 39 125 ns
terz
Power Dissipation Capacitance Ceo§ — 63 Typ. 63 Typ. pF
Min. (Valley) Vou Vorv
During Switching of Other Outputs See 5 4 Typ. @ 25°C \
{Output Under Test Not Switching) Fig. 1
Max. (Peak) Voo Vore } -
During Switching of Other Outputs See 5 1Typ. @ 25°C \
(Output Under Test Not Switching) Fig. 1
Input Capacitance C — — 10 — 10 pF
3-State Output Capacitance Co — — 15 — 15 pF

f5V: minis@55V
max.is@4.5V

§Ceo is used to determine the dynamic power consumption, per latch.
Po = Vcd® fi (Ceo + Cu) + VecAles where f; = input frequency
C. = output load capacitance
Vee = supply voltage.
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PARAMETER MEASUREMENT INFORMATION

INPUT LEVEL — — —

INPUT LEVEL

VoH

OTHER
OUTPUTS

VoH
ouTPUT = = Vowv
UNDER
TEST

- - - - - - - - Vorp
___/\/_,__ —————— g,
NOTES:

1. VoHvY AND Vo p ARE MEASURED WITH RESPECT TO A GROUND
REFERENCE NEAR THE OUTPUT UNDER TEST.

2. INPUT PULSES HAVE THE FOLLOWING CHARACTERISTICS:
PRR - 1MHz,1; = 3 ns, 1y - 3 ns, SKEW 1 ns. )

3. R.F. FIXTURE WITH 700-MHz DESIGN RULES REQUIRED.
IC SHOULD BE SOLDERED INTO TEST BOARD AND BYPASSED
WITH 0.1 4,F CAPACITOR. SCOPE AND PROBES REQUIRE
700-MHz BANDWIDTH.

92€S-4240€

Fig. 1 - Simultaneous switching transient waveforms.

92Cs-37132

Fig. 3 - Data to Qn output propagation delays.

92CS- 37134

Fig. 5 - Latch enable prerequisite times.
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fran INPUT LEVEL
——————————————— 90 %
OUTPUT vs
DISABLE
——————————————— 10 %
GND
OUTPUT: LOW ___vs
TO OFF TO LOW . Vou (GND)
VoH (#Vee)

OUTPUT: HIGH
TO OFF TO HIGH

ENABLED
otver | ©
INPUTS 'O— DUT
(TIED HIGH } O——{  wiTH
ORLOW) | 3-STATE
OUTPUT
OUTPUT (~
DISABLE

OUTPUTS OUTPUTS

DISABLED

OUTPUTS
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o—(Q GND (tPHZ. tpzH)

500 °
RL

*FOR AC SERIES ONLY: WHEN Ve - 1.5V, R = 1 k0
Fig. 2 - Three-state propagation delay waveforms and test circuit.
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LE

0—CO OPEN (tpHL. IPLH)
- =0 2vce (tpiz. trzu).

(OPEN DRAIN)
ouT

92¢M-42405

92C5-37133

Fig. 4 - Latch enable propagation delays.

OuTPUT

OUTPUT T 50 pF
LOAD :T[

CL

*FOR AC SERIES ONLY: WHEN
vee = 1.5V, R = 1k

92cS-42389

Fig. 6 - Test circuit.

CD54/74AC |CD54/74ACT
Input Level Vee 3v
Input Switching Voltage, Vs 0.5 Ve 1.5V
Output Switching Voltage, Vs| 0.5 Ve 0.5 Ve




Technical Data

Advance Information

CD54/74AC564, CD54/74AC574
CD54/74ACT564, CD54/74ACT574

Octal D-Type Flip-Flop, 3-State

574 56}%
DO — F—Qo0 @
o1 — —ot1 & Positive-Edge-Triggered
2 — —a2 @2
03— l—a3 a3 CD54/74AC/ACT564 - Inverting
04— —os @ CD54/74AC/ACT574 - Non-Inverting
pa— —a5 Q5
32— —Q6 Q6
T o & Type Feat
_ .20 ype Features:
:: _J ;%co-no w Buffered inputs

92Cs-42424

FUNCTIONAL DIAGRAM

The RCA-CD54/74AC564 and CD54/74AC574 and the
CD54/74ACT564 and CD54/74ACT574 octal D-type, 3-
state, positive-edge-triggered flip-flops use the RCA
ADVANCED CMOS technology. The eight fiip-flops enter
data into their registers on the LOW-to-HIGH transition of
the clock (CP). The Output Enable (OE) controls the 3-state
outputs and is independent of the register operation. When
the Output Enable (OE) is HIGH, the outputs are in the
high-impedance state. The CD54/74AC/ACT564 and
CD54/74AC/ACT574 share the same pin configurations; the
CD54/74AC/ACT564, however, has inverted outputs and
the CD54/74AC/ACT574 has non-inverted outputs.

The CD74AC/ACT564 and CD74AC/ACT574 are supplied in
20-lead dual-in-line plastic packages (E suffix) and in 20-
lead dual-in-line small-outline plastic packages (M suffix).
Both package types are operable over the following
temperature ranges: Commercial (0 to 70°C); Industrial (-40
to +85°C); and Extended Industrial/Military (-55 to +125°C).

The CDS54AC/ACTS564 and CDS4AC/ACT574, available in
chip form (H suffix), are operable over the -55 to +125°C
temperature range.

» Typical propagation dela y:
65ns@Vec=5V, Ta=25°C, C, =50 pF

Family Features:
= Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
u SCR-Latchup-resistant CMOS process and circuit design
a Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
m Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
8 = 24-mA output drive current
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines

“FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE

INPUTS OUTPUTS
564 574
OE cP Dn Qn Qn ﬂ
L I H L H
L _ L H L
L L X Qo QO
H X X z z

H = High tevel (steady state)

L = Low level (steady state)

X = Don't care

/" = Transition from low to high level

QO = The level of Q before the indicated steady-state input

__. Conditions were established

QO = The level of Q before the indicated steady-state input
conditions were established.

Z = High impedance

File Number 1948
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Technical Data

CD54/74AC564, CD54/74AC574
CD54/74ACT564, CD54/74ACT574

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY=VOLTAGE (VeC) -+t et ttteeit ettt et et et e e e e et e et e e et e e e et -05to6V
DC INPUT DIODE CURRENT, Ik (for Vi< =05V orVi>Vec +0.5V) i +20 mA
DC OUTPUT DIODE CURRENT, lok {(for Vo <-0.5VorVo>Vec +0.5V) oo +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-05VorVo<Vec +05V) .............. +50 mA
DC Vec o GROUND CURRENT (loc OF IGND) « « « « « v vt e e e eeeeeeeetesee e saneassaeeaneaneneneeanennns SR 1100 mA*
POWER DISSIPATION PER PACKAGE (Pp):

For Ta=-5510 +100°C (PACKAGE TYPE E) ...ttt ettt ie i eniieeeiiaennnean 500 mW

For Ta=+100to +125°C (PACKAGE TYPEE) .....c oottt Derate Linearly at 8 mW/°C to 300 mW

For Ta = -5510 +70°C (PACKAGE TYPE M) .. ittt et e e et eae e 400 mW

For Ta=+701t0 +125°C (PACKAGE TYPEM) ...t Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TR): v vttutetenntttinnetaneetinaetiaesanieeaieenneeenneeennas -55to +125°C
STORAGE TEMPERATURE (Tstg) - . vt vutttie ettt et taitetaateenneeeneetnneenaietraneennneennes -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32 in. (1.59 £ 0.79 mm) from case for T0s maximum ............coiviiiiiiiiiiiniine.., +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

*For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the

following ranges:

CHARACTERISTIC LIMITS UNITS
MIN. MAX.
Supply-Voltage Range, Vcc™:
(For Ta = Full Package-Temperature Range)
AC Types : 15 55 \
ACT Types 45 55 \
DC Input or Output Voltage, V,, Vo' 0 Vee \
Operating Temperature, Ta: -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3V (AC Types) 0 50 ns/V
at 3.6 Vto 5.5V (AC Types) 0 20 ns/V
at4.5Vto 5.5V (ACT Types) 0 10 ns/V

*Unless otherwise specified, all voitages are referenced to ground.

TERMINAL ASSIGNMENT DIAGRAMS

QQISI&I?IBISIQISIi

225 258 -

CDS54/74AC/ACT564 CD54/74AC/ACTS74




Technical Data

CD54/74AC564, CD54/74AC574
CD54/74ACT564, CD54/74ACT574

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS '
CHARACTERISTICS Voo 25 ~40fo +85 5104125 s
V)
Vi - lo ™ U n. [ max | min. | max. | min. | max
o (mA) . ‘ . . . .
High-Level Input 1.5 12 — 1.2 — 1.2 —
Voltage Vi 3 2.1 — 2.1 — 2.1 — v
55 | 385 — 385 — 3.85 —
Low-Level Input 1.5 — 0.3 - 0.3 - 0.3
Voltage Vi 3 — 09 — 09 — 09 v
55 — 1.65 — 1.65 — 1.65
High-Level Output -0.05 1.5 14 — 14 - 14 —
Voltage Vou [y, -0.05 3 29 — 29 — 29 —
or -0.05 45 | 44 — 44 — 44 —
Vie -4 3 2.58 — 248 — 24 — v
-24 45 | 394 — 38 — 37 —
{ -75 55 — — 385 — — —
# *
T -50 55 — — — — 3.85 —
Low-Level Output 0.05 15 — 0.1 — 0.1 — 0.1
Voltage Voo |y, 0.05 3 — 0.1 — 0.1 — 0.1
‘or 0.05 45 — 0.1 — 01 — 0.1 v
Vi 12 3 — 0.36 — 0.44 — 05
24 45 — 0.36 — 0.44 — 05
{ 75 55 — — — 1.65 — —
# %
50 55 — — — — — 165
Input Leakage Vee
Current I or 5.5 — +0.1 — +1 — +1 MA
GND
3-State Leakage © Vin
Current loz or
Vi ) .
Vo= 55 — 0.5 — +5 — +10 | wA
Vee
or
GND
Quiescent Supply Vee
Current, MS! lec or 0 5.5 — 8 —_ 80 —_ 160 MA
GND ]

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.




Technical Data
CD54/74AC564, CD54/74AC574
CD54/74ACT564 CD54/74ACT574

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS +25 4010 +85 -85 10 +125
CHARACTERISTICS Vee UNITS
M lo ™) | miN. | Max. | MIN. | maX
. . . . MIN. MAX.
v) (mA) N
High-Level input 45
Voltage Vin to 2 - 2 - 2 — \
55
Low-Level Input 45
Voltage Vi to — 0.8 — 0.8 — 0.8 v
55
High-Level Output ViH -0.05 45 44 — 44 — 44 —
Voltage Von or 24 45 | 394 | — 38 — 37 — v
M { 75 55 | — — |38 | — — —
# *
! -50 55 — — — _ 3.85 —
Low-Level Output Viu 0.05 45 — +0.1 — +.1 — +1
Voltage Vo or 24 4.5 — 0.36 — 0.44 — 0.5 Vv
Vi 75 55 - —_ _ 1.65 -
# * 50 5.5 — — — — — 1.65
Input Leakage Vee
Current h or 5.5 — 0.1 — +1 — +1 MA
GND
3-State Leakage Vin
Current loz or
Vi
Vo= 55 — +0.5 -— +5 — +10 MA
Vee
or
GND
Quiescent Supply Ve
Current, MSI Icc or 0 55 — 8 — 80 — 160 MA
GND
Additional Quiescent Supply 45
Current per Input Pin R " _ _ _
TTL Inputs High Alge | Vee2d o 24 28 8 mA
1 Unit Load 5

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT UNIT LOADS*
D, OE 07
CcP 117

*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 2.4 mA max. @ 25°C.




Technical Data

CD54/74AC564 CDE4/74A0C74
CD54/74ACT564, CD54/74ACT574

PREREQUISITE FOR SWITCHING: AC Series

: v AMBIENT TEMPERATURE (T,) -°C
CHARACTERISTICS SYMBOL (‘tlx -40 to +85 -55 to +125 ‘| UNITS
) MIN. | MAX. | MIN. | MAX
Clock Pulse 15 44 — 50 — }
Width tw 33" 49 — 56 — ns
5t 35 — 4 —
Setup Time 15 2 — 2 - .
Data to Clock tsu 33 2 — 2 — ns
5 2 — 2 — :
Hold Time 1.5 2 — 2 —
Data to Clock th 33 2 - 2 - ns
- - 5 2 — 2 —
Maximum Clock 1.5 1 — 10 —
Frequency fumax 33 101 — 89 — MHz
5 143 — 125 —
*33V:min.is@3V
t5V:min.is@45V
SWITCHING CHARACTERISTICS: AC Series; 1, t, = 3 ns, C, = 50 pF
v AMBIENT TEMPERATURE (T.) -°C
CHARACTERISTICS SYMBOL (“,’f -40 to +85 ___-551t0 +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: teun 15 — 123 — 135 o
Clock to Q towL 3.3 4 13.7 38 15.1- ns
AC574 5t 29 9.8 2.7 10.8
Clock to Q ¢ 15 - 128 - 141 :
AC564 t’“‘ 33 41 14.4 4 15.8 ns
PHL 5 29 10.3 238 1.3
Output Enable to Q, & 4 15 — 165 - 181
t"“ 33 5.6 19.2 55 21.8 ns
i 5 37 13.2 36 14.5
Output Disable to Q, Q ¢ 1.5 — 165 - 181
o 33 47 16.5 45 18.1 ns
Pz 5 37 13.2 3.6 14.5
Power Dissipation Capacitance Ceo§ — 67 Typ. 67 Typ. _pF
Min. (Valley) Von Vouv
During Switching of Other Outputs See 5 4 Typ. @ 25°C v
(Output Under Test Not Switching) Fig. 1
Max. (Peak) Vo. Voie
During Switching of Other Outputs See 5 1Typ. @ 25°C \
(Output Under Test Not Switching) Fig. 1
Input Capacitance C _ - 10 — 10 pF
3-State Output Capacitance Co — — 15 — 15 ) pF

*33V: min.is@36V
max.is@3V

t5V: min.is@55V
max.is@4.5V

§Cro is used to deterrmne the dynamic power consumption, per flip fiop.
Po = Cro Voc® fi + X Viee? fo CL where  f; = input frequency
fo = output frequency
C. = output load capacitance
Vee = supply voltage.
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Technical Data

CD54/74AC564, CD54/74AC574
CD54/74A;CT564, CD54/74ACT574

PREREQUISITE FOR SWITCHING: ACT Series

v AMBIENT TEMPERATURE (T») -°C
CHARACTERISTICS SYMBOL (\7; -40 to +85 -55 to.+125 UNITS
MIN. MAX. MIN. MAX.
Clock Pulse
~Width tw 5t 3.9 — 45 — ns
"Setup Time ) _
Data to Clock tsu 5 2 - 2 ns
Hold Time P
Data to Clock tu 5 26 - 3 - ns
Maximum Clock
Frequency fmax 5 125 — 110 — MHz
t5V:min.is@45V
SWITCHING CHARACTERISTICS: ACT Series; t,t =3ns,C_=50pF
v AMBIENT TEMPERATURE (T,) -°C ° :
CHARACTERISTICS SYMBOL (\‘;;: -40 to +85 -55 to +125 UNITS
) MIN. | MAX. MIN. MAX.
Propagation Delays: : t ,
Clock to Q tPLH 5t 29 10.2 28 11.2 ns
“ACT574 - PHL .
Clock to Q teun
ACT564 tonn 5 3 10.6 29 17 ns
Output Enable and ) tez
Disable to Q trrz
ACT574 tom 5 37 13.2 3.6 145 ns
tezn
Output Enable and tez
Disable to Q tenz
ACTS64 toa 5 3.7 13.2 3.6 145 ns
tezn
Power Dissipation Capacitance Ceo§ — 67 Typ. 67 Typ. pF
Min. (Valley) Von Vonv
During Switching of Other Outputs See 5 4 Typ. @ 25°C \"
(Output Under Test Not Switching) Fig. 1
Max. (Peak) Vo Vop
During Switching of Other Outputs See 5 : 1 Typ. @ 25°C \
(Output Under Test Not Switching) Fig. 1
Input Capacitance Ci — —_ 10 — 10 pF
3-State Output Capacitance Co — — 15 — 15 pF

T5V: min.is@55V
max.is @45V

§Cro is used to determme the dynamic power consumption, per flip flop.
Po = Cro Voc? fi + 3 Vac? fo Cu + Ve Alcc where f; = input frequency
fo = output frequency
C. = output load capacitance
Vee = supply voltage.
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Technical Data

CD54/74AC564, CD54/74AC574
CD54/74ACT564, CD54/74ACT574

PARAMETER MEASUREMENT INFORMATION

—em - VOH ®=3ne [‘"I—'.’Snl
"™~ \

OTHER oUTPUT
OUTPUTS \ DISABLE
_—____I ‘e —— VoL
. T\ —-- Vs
Vou QUTPUT: LOW
ToorFTOorow| 2 | ___ ] ~-.02¥cc,

— —— £GND)
ouw:r VoHv o {
UNDE

Vou (#Vce)
TesT —— — = —— ——— — Vop OUTPUT: HIGH -lf~~csvce
—_._./\f_’_... - ———— v, TO OFF TO HIGH I --- Vg
ouTPUTS OUTPUTS OUTPUTS
ENABLED v DISABLED ENABLED
NOTES: 0—(Q) GND (tPHZ. tpzH)
1. Vouy AND Voo p ARE MEASURED WITH RESPECT TO A GROUND 0—C) OPEN (1pHL. tPLH)
REFERENCE NEAR THE OUTPUT UNDER TEST. ornern | O— 2VGc (g, tpz0),
2. INPUT PULSES HAVE THE FOLLOWING CHARACTERISTICS: weurs | 0—  our 000"  (OPEN DRAIN)
PRR < 1 MHz, t; = 3 ns, lg = 3 ns, SKEW 1 ns. (TIEDHIGH } O——  wWITH AL
3. R.F. FIXTURE WITH 700-MHz DESIGN RULES REQUIRED. . ORLOW) l 3-STATE our
IC SHOULD BE SOLDERED INTO TEST BOARD AND BYPASSED : o ouTRUT 00"
WITH 0.1 4F CAPACITOR. SCOPE AND PROBES REQUIRE ouTPUT
700-MHz BANDWIDTH. oisaaLe O
92CM- 42405
92CS-42406

*FOR AC SERIES ONLY: WHEN VCC = 1.5V, R = 1 k02

Fig. 1 - Simultaneous switching transient waveforms. Fig. 2 - Three-state propagation delay waveforms and test circuit.

92CS - 36954R1

92CS-38404RI

OUTPUT

CL =
OouTPUT 50 pF
LOAD :_I_: s

*FOR AC SERIES ONLY: WHEN
Vee =15V, RL = 1k0

92c$-42389

CD54/74AC |CD54/74ACT
Input Level Vee 3V
Input Switching Voltage, Vs 0.5 Ve 1.5V
Output Switching Voltage, Vs 0.5 Ve 0.5 Ve

Fig. 3 - Propagation delays times and test circuit.
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Technical Data

CD54/74AC623
CD54/74ACT623

18

>
o
T”

Advance Information

—»<BO
a1 LAY Octal-Bus Transceiver, 3-State,
A2 4 16 .
IO e Non-inverting
A3 —+-e—] |—>—< B3
A48 14 e Ba
A5 1] 13, 85
8 12 B
AB——e— —>—< B6
e e fored s
cﬁ"‘_‘ﬂ '9! sacs.azs0s u Typical propagation delay:
OEga 45ns@ Vec =5V, Ta=25°C, CL = 50 pF
FUNCTIONAL DIAGRAM

The RCA CD54/74AC623 and CD54/74ACT623 octal-bus
transceivers use the RCA ADVANCED CMOS technology.
They are non-inverting, 3-state, bidirectional transceiver-
buffers that allow for two-way transmission from “A” bus to
“B” bus or “B” bus to “A” bus, depending on the logic levels
of the Output Enable (OEas, OEsa) inputs.

The dual Output Enable provision gives these devices the
capability to store data by simultaneously enabling OEas
and OEga. Each output reinforces its input under these con-
ditions, and when all other data sources to the bus lines are
at high-impedance, both sets of bus lines will remain in their
last states.

The CD74AC623 and CD74ACT623 are supplied in 20-lead
dual-in-line plastic packages (E suffix) and in 20-lead dual-
in-line small-outline plastic packages (M suffix). Both pack-
age types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C),
and Extended Industrial/Military (-55 to +125°C).

The CD54AC623 and CD54ACT623, available in chip form
(H suffix), are operable over the -55 to +125°C temperature
range.

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
w SCR-Latchup-resistant CMOS process and circuit design
w Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
= Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
@ * 24-mA output drive current
- Fanout to 15 FAST” ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE

OPERATION

B DATA TO A BUS

A DATA TO B BUS

ISOLATION

OUTPUT ENABLE INPUTS
OE,, OE,s
L L
H H
H L
L H

B DATA TO A BUS,

H = High level, L = Low level

A DATA TO B BUS

Note: To prevent excess currents in the High-Z (isolation)
modes, all I/0 terminals should be terminated with 10 kQ to

1 MQ resistors.

File Number 1968




Technical Data
CD54/74AC623
CD54/74ACT623

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VGC) 1ttt etietetae et ettt e e e e ettt e e e e e e e e -05t06V
DC INPUT DIODE CURRENT, lik (for Vi <=0.5V or Vi>Vee +05V) o ouiniintn e e i, +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-0.5V 0r Vo > Voe + 0.5 V) .+t e e e et e eie e +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo > -05VorVo <Vec +0.5V) .............. +50 mA
DC Vec or GROUND CURRENT (ce OF IGND) « -+ v« v v e et et e e e e e e e e e e e e e e e e e e e, +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):

For Ta=-5510 +100°C (PACKAGE TYPE E) .. .vuninittit it et e e e e e e e e 500 mwW

For Ta = +100 to +125°C (PACKAGE TYPE E) Derate Linearly at 8 mW/°C to 300 mwW

For Ta=-5510 +70°C (PACKAGE TYPE M) ... .uuiiinititttie et e e et e e 400 mwW

For To =+70 to +125°C (PACKAGE TYPE M) Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta) ............ e e e e e -55 to +125°C
STORAGE TEMPERATURE (Tatg) - -« v vvtvetete e tttet et te e et e e e e e e -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32 in. (1.59  0.79 mm) from case for 10 S MaxXimum . ...........cueierunneeeennnn.. +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C
*For up to 4 outputs per device; add + 25 mA for.each additional output.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

LIMITS
CHARACTERISTIC UNITS
MIN. MAX.
Supply-Voltage Range, Vcc*: .
(For Ta = Full Package-Temperature Range)
AC Types 1.5 55 \
ACT Types 45 55 \
DC Input or Output Voltage, Vi, Vo 0 Vee \
Operating Temperature, Ta ) -55 +125 °C
Input Rise and Fall Siew Rate, dt/dv
at 1.5 Vto 3 V (AC Types) 0 50 ns/V
at 3.6 Vto 5.5V (AC Types) 0 20 ns/V
at4.5Vto 55V (ACT Types) 0 10 ns/V

“Unless otherwise specified, all voltages are referenced to ground.

e [*]

OEAB — I—Vvce
2 19

A0 — _18 OEga

a1 — — BO
4 17

A2 — — 8t
5 16

A3 — — B2
6 15

A4 — — 83
7 14

A5 —— — B4
8 13

A — — B5
9 12

A7 — -B86
10 11

GND —— —B7

92CS- 42586

TERMINAL ASSIGNMENT




Technical Data

CD54/74AC623
CD54/74ACT623

STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Vee = ~40 10 +85 S50 4125 | yNits
v, o ) ‘
MIN. | MAX. [ MIN. | MAX. | MIN. | MAX.
V) (mA)
High-Level Input 15 1.2 . 1.2 . 1.2 —
Voltage Vi 3 | 21 — | 21 — 21 — v
55 | 385 — 3.85 — 385 | —
Low-Level Input 15 — 0.3 — 0.3 — 0.3
Voltage Vie 3 — 09 — 09 — 0.9 v
55 — 1,65 - 1.65 — 1.65
High-Level Output -0.05 1.5 1.4 — 1.4 — 1.4 -
Voltage Vo | vy, 0.05 3 | 29 — 29 — 29 —
or -0.05 45 44 — 44 — 44 —
Vi -4 3 2.58 — 248 — 24 - v
-24 45 | 394 — | 38 — 37 | . —-
I -75 55 — — 3.85 - — —
# *
’ -50 55 — — — — 3.85 —
Low-Level Output 0.05 15 — 01 |7 — 0.1 — 0.1
Voltage Voo |y, 0.05 3 — 0.1 — 0.1 — 0.1
or 0.05 45 — 01 | — 0.1 — 0.1
Vi 12 3 — 0.36 - 0.44 — 05 v
24 45 — 0.36 - 0.44 — 05
‘ 75 55 — — — 165 | — —
# *
50 55 - — — — - 1.65
Input Leakage Vee
Current Iy or 55 —_ 10.1 - | # —_ +1 MA
GND
3-State Leakage Vin
Current loz or
VIL
Vo= 55 - 405 — +5 - +10 A
Vee
or
GND
Quiescent Supply Vee
Current, MSI lec or 0 55 — 8 — 80 — 160 MA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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Technical Data
CD54/74AC623
CD54/74ACT623

STATIC ELECTRICAL CHARACTERISTICS: ACT Serles

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS .
CHARACTERISTICS Ve +25 4010 485 S50+4125 | ynirs
v)
v o MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
(mA]
High-Level Input 45
Voltage Viu to 2 — 2 — 2 — \"
55
Low-Level Input 45
Voltage Vu to — 08 - 08 — 08 "
. 55
High-Level Output Vi -0.05 45 | 44 - 44 — 44 —
Voltage Vo or 24 45 | 394 | — 38 — 37 — v
Vi -75 55 | — — 3.85 — — —
# * ]
’ -50 55 | — — — — 3.85 —
Low-Level Output Vi 0.05 45 | — 0.1 — 0.1 — 0.1
Voltage Vou or 24 45 —_— 0.36 — 0.44 — 05 v
Vi [ 75 55 - —_ —_ 1.65 — —
# * -
' 50 55 - — —_ — — 1.65
Input Leakage Vec
Current h or 5.5 — 101 — +1 — +1 HA
GND
3-State Leakage Vin
Current loz or
'
Vo= 55 - +05 — +5 - +10 A
Vec
or
GND
Quiescent Supply Vee
Current, MSI lec or 0 55 - 8 — 80 — 160 LA
GND :
Additional Quiescent Supply 45
Current per Input Pin i - _ _
TTL Inputs High Al Vec-2.1 to 24 28 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring volitage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE
INPUT UNIT LOAD*
An, Bn 0.83

OEax 0.64

OEas 0.15

*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 2.4 mA max. @ 25°C.
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CD54/74AC623
CD54/74ACT623

SWITCHING CHARACTERISTICS: AC Series; t, , = 3 ns, C_ = 50 pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (“,’;’ -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: toun 15 — 108 — 120
Data to Output tone 33" 35 12.2 34 134 ns
5t 25 8.7 24 9.6
Output Disable 15 - 153 — 168
to Output trz 33 48 17.1 47 18.8 ns
terz 5 35 12.2 34 13.4
Output Enable 15 . 153 — 168
to Output tez 33 48 17.1 47 18.8 ns
tezu 5 35 12.2 34 134
Power Dissipation Capacitance Cro§ — 66 Typ. 66 Typ. pF
Min. (Valley) Vou Vorv
During Switching of Other Outputs See 5 4Typ. @ 25°C \
(Output Under Test Not Switching) Fig. 1
Max. (Peak) VoL Vo
During Switching of Other Outputs See 5 1Typ. @ 25°C \
(Output Under Test Not Switching) Fig. 1
Input Capacitance Ci - — 10 — 10 pF
3-State Output Capacitance Co — — 15 — 15 pF
SWITCHING CHARACTERISTICS: ACT Series; 1, t, = 3 ns, C_ = 50 pF
v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (\‘,’)C -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: tous
Data to Output torn 5t 27 9.6 27 10.6 ns
Output Disable i
to Output t:fz 5 37 13.1 36 144 ns
Output Enable "
to Output t’:: 5 37 13.1 36 14.4 ns
Power Dissipation Capacitance Ceo§ —_ 66 Typ. 66 Typ. pF
Min. (Valley) Von Vonv .
During Switching of Other Outputs See 5 4Typ. @ 25°C v
(Output Under Test Not Switching) Fig. 1
Max. (Peak) Voo Vorp
During Switching of Other Outputs See 5 1Typ. @ 25°C Vv
(Output Under Test Not Switching) Fig. 1
Input Capacitance Ci — — 10 — 10 pF
3-State Output Capacitance Co — — 15 — 15 pF

*33V: min.is@36V
max.is@3V

t5V: min.is@55V
max.is @45V

§Cro is used to determine the dynamic power consumption, per channel.

For AC series: Pp = Ve f; (Cro + Cu)

For ACT series: Pp = Vee” f; (Cro + Cu) + VecAlec where i = input frequency
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C. = output load capacitance
Vec = supply voltage.
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PARAMETER MEASUREMENT INFORMATION

——l———

VOH

OTHER
OUTPUTS
U bt ~—=—= VoL
)——W VoH
OUTPUT = = = Vowv
UNDER
Test o __ _ _——— = Vo
—_/\/_’__ —_————— v
NOTES:

1. VOHv AND Vo p ARE MEASURED WITH RESPECT TO A GROUND
REFERENCE NEAR THE OUTPUT UNDER TEST.

2. INPUT PULSES HAVE THE FOLLOWING CHARACTERISTICS:
PRR < 1 MHz, t; = 3ns, t; = 3 ns, SKEW 1 ns.

3. R.F. FIXTURE WITH 700-MHz DESIGN RULES REQUIRED.
1C SHOULD BE SOLDERED INTO TEST BOARD AND BYPASSED
WITH 0.1 ,F CAPACITOR. SCOPE AND PROBES REQUIRE
700-MHz BANDWIDTH.

92CS-4240€

Fig. 1 - Simuitaneous switching transient waveforms.

ouTPUT

CL =
OUTPUT T 50 pF
LOAD l: e
*FOR AC SERIES ONLY: WHEN
vVee=15V,RL=1kQ

92¢s - 42389

CD54/74AC623
CD54/74ACT623

tr=3ns

INPUT LEVEL
—————————————————— 90 %
outeutr | /o N . vs
DISABLE
——————————————— 10 %
GND

OUTPUT: LOW ——- :: v
TO OFF TO LOW ==.92Veey D)

VoH (#Vcc)
OUTPUT: HIGH .

TO OFF TO HIGH v
OUTPUTS OUTPUTS QUTPUTS

ENABLED DISABLED ENABLED
0—Q GND (tPHZ. tPZH)
©0—QO OPEN (tpHL, 1PLH)

OTHER 1% 2vVece (tPLZ, tP2ZL),
INPUTS ‘ O— pur 500 O* (OPEN DRAIN)
(TIEDHIGH } O——{ WITH Ry
OR LOW): l o 3-STATE ouT:
OUTPUT

5000 °
OUTPUT O
DISABLE

= 92CM-42405
*FOR AC SERIES ONLY: WHEN Voo = 1.5V, R = 1 k2

Fig. 2 - Three-state propagation delay times and test circuit.

ty =3ns

92CS-42587

Fig. 3 - Propagation delay times and test circuit.

CD54/74AC |CDS54/74ACT
Input Level Vec 3V
Input Switching Voltage, Vs 0.5 Vec 15V
Output Switching Voltage, Vs 0.5 Vee - 0.5 Vee




Technical Data

CD54/74AC646, CD54/74AC648

CD54/74ACT646, CD54/74ACT648

a2 6 18, g
A 17 esp3| B
pata{®? 8 16 DATA
PORT | A4 —<+— —<+*B84| PORT
9 15 B
A5 85
R 12 er-8
a7—st e
ﬁ?ﬂ
DIR ?
Fy P-FLOP {CAB cLock— Type Features:
CBA CLOCK | 322;5 u Buffered inputs

DATA 2
7. o
INPUTS SBA SOURCE 92CS-38529R1

FUNCTIONAL DIAGRAM

The RCA CD54/74AC646 and CD54/74AC648 and the
CD54/74ACT646 and CD54/74ACT648 3-state, octal-bus
transceiver/registers use the RCA ADVANCED CMOS tech-
nology. The CD54/74AC648 and CD54/74ACT648 have in-
verting outputs. The CD54/74AC646 and CD54/74ACT646
have non-inverting outputs. These devices are bus trans-
ceivers with D-type flip-flops which act as internal storage
registers on the LOW-to-HIGH transition of either CAB or
CBA clock inputs. Output Enable (OE) and Direction (DIR)
inputs control the transceiver functions. Data present at the
high-impedance output can be stored in either register or
both but only one of the two buses can be enabled as out-
puts at any one time. The Select controls (SAB and SBA)
can multiplex stored and transparent (real time) data. The
Direction control determines which data bus will receive
data when the Output Enable (OE) is LOW. In the high-
impedance mode (Output Enable HIGH), A data can be
stored in one register and B data can be stored in the other
register. The clocks are not gated with the Direction (DIR)
and Output Enable (OE) terminals; data at the A or B termi-
nals can be clocked into the storage flip-flops at any time.

The CD74AC/ACT646 and CD74AC/ACT648 are supplied in
24-lead dual-in-line narrow-body plastic packages (EN suf-
fix) and in 24-lead dual-in-line small-outline plastic pack-
ages (M suffix). Both package types are operable over the
following temperature ranges: Commercial (0 to 70°C);
Industrial (-40 to +85°C); and Extended Industrial/Military
(-55 0 +125°C).

The CD54AC/ACT646 and CD54AC/ACT648, available in
chip form (H suffix), are operable over the -55 to +125°C
temperature range.
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Advance Information

Octal-Bus Transceiver/Registers, 3-State
CD54/74AC/ACT646 - Non-Inverting
'CD54/74AC/ACT648 - Inverting

n Typical propagation delay:
53ns@ Vec =5V, Ta=25°C, C. = 50 pF

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
m SCR-Latchup-resistant CMOS process and circuit design
m Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
m Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
s + 24-mA output drive current
- Fanout to 15 FAST” ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

cas —H 124 vec
sas 2 12 coa
oR 2 sea
a0 H 2L 58
a1 2 g0
a2 K2 gy
A 2 5,
as . 63
as L
a6 S es
a7 4 1L
onp 4 P2 g7
92CS5-36847R1
TERMINAL ASSIGNMENT

File Number 1970




Technical Data

CD54/74AC646, CD54/74AC648
CD54/74ACT646, CD54/74ACT648

FUNCTION TABLE
INPUTS DATA 1/O# OPERATION OR FUNCTION
OE DIR CAB CBA SAB SBA| A0 THRU A7 | BO THRU B7 646 648

X X X X X Input -} Not specified Store A, B unspecified Store A, B unspecified

X X X /I X X | Not specified Input Store B, A unspecified Store B, A unspecified
H X _/~ _J/- X X Inout Inout Store A and B Data Store A and B Data

H X HorL HorlL X X P P Isolation, hold storage - Isolation, hold storage

L L X X X L Outout inout Real-Time B Data to A Bus |Real-Time B Data to A Bus
L L X HorL X H utpu P Stored BDatato ABus | Stored B Data to A Bus

L H X X L X Input Output Real-Time A Data to B Bus Real-Time A Datato B Bus
L H HorL X H X pu P Stored A Datato BBus | Stored A Data to B Bus

#The data output functions may be enabled or disabled by various signals at the OE 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 on the ciock inputs.
To prevent excess currents in the High-Z modes, all 1/0 terminals should be terminated with 10 kQ resistors.

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VCC) -+t vtttettte ettt ettt ettt et e e e e e e et e -05t06V
DC INPUT DIODE CURRENT, fik (for Vi <-05V orVi>Vec +05V) ..o, +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-0.5VOorVo>Vec +0.5V) ..ot +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, 1o (for Vo > -05V orVo<Vcc +05V) .............. +50 mA
DC Ve 0r GROUND CURRENT (lcg OF JGND) -« e v ettt neeteee e tate et ate e ee e e et e e eeeeeeeannes +100 mA*
POWER DISSIPATION PER PACKAGE (Po): . )
FOr Ta =-5510 +100°C (PACKAGE TYPE E) . ...iitiittitt ettt et et 500 mW
For Ta=+1001t0 +125°C (PACKAGE TYPEE) ....iivititintiaaennneanns Derate Linearly at 8 mW/°C to 300 mW
For Ta=-5510 +70°C (PACKAGE TYPE M) ..ottt et it 400 mW
For Ta=+4701t0 +125°C (PACKAGE TYPEM) ...........civiiiiiiiiinnnnn.. Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA) «.cuttitttntatetaatet et eteet e et eannens -55to +125°C
STORAGE TEMPERATURE (Tstg) « - v evetttttcte it e et ete et e e et e e e e e -65to +150°C
LEAD TEMPERATURE (DURING SOLDERING): ) )
At distance 1/16 + 1/32 in. (1.59 = 0.79 mm) from case for 10 S maximum ................ouiernnunnennnnn... +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C
“For up to 4 outputs per device; add + 25 mA for each additional output. :

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

LIMITS
HA TERISTIC NIT:!
CHARAC s MIN. MAX. UNITS

Supply-Voltage Range, Vcc*:
(For Ta = Full Package-Temperature Range)

AC Types 1.5 55 v

ACT Types 45 5.5 \
DC input or Output Voltage, V,, Vo 0 Vee v
Operating Temperature, Ta . -55 +125 °C

Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3V (AC Types) 0 50 ns/V
at 3.6 Vto 5.5V (AC Types) 0 20 ns/V
at4.5Vto 55V (ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.
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CD54/74AC646, CD54/74AC648
CD54/74ACT646, CD54/74ACT648

STATIC ELECTRICAL CHARACTERISTICS: AC Series

. AMBIENT TEMPERATURE (T,) - °C
~ TEST CONDITIONS
CHARACTERISTICS Ve 25 4010485 55104125 | v
V)
v, I (
P (mA) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input ) 1.5 1.2 - 1.2 — 1.2 —
Voltage Vi 3 21 —_ 21 — 2.1 —_ Vv
55 | 3.85 — 3.85 - 3.85 —
Low-Level Input 15 — 0.3 — 0.3 — 03
Volitage Vi 3 — 09 — 0.9 — 0.9 \
55 — 1.65 — 1.65 - 1.65
High-Level Output -0.05 15 1.4 — 14 - 14 —
Voltage Vou | -0.05 3 | 20 | — 29 | — 2.9 —
(]
or -0.05 45 44 — 4.4 — 44 —
Vie 4 3 | 258 | — | 248 | — 24 — v
24 45 | 394 — 38 — 37 | —
§ > { -75 55 — — 3.85 — - —
-50 55 — — - — 3.85 —
. Low-Level Output 0.05 1.5 — 0.1 — A — 0.1
Voitage o Vool v 005 3 | — [ o1 | — ] o — | oa
or 0.05 45 — 0.1 — 0.1 — 0.1
Vi 12 3 — 0.36 — 0.44 — 05 v
24 45 — 0.36 — 0.44 — | 05
g { 75 55 — — — 1.65 — —
50 | 55 — — — — — 1.65
Input Leakage Vee
Current [ or 55 — +0.1 — +1 — +1 uA
GND
3-State Vi
L eakage or
Current loz Vie
Vo= 55 — +05 — 5 — +10 uA
VCC
or
GND
Quiescent Supply Vee
Current, MSI lec or 0 55 — 8 — 80 — 160 MA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.




Technical Data
CD54/74AC646, CD54/74AC648
CD54/74ACT646, CD54/74ACT648

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

] AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS ) Ve +25 -40 to +85 -55t0 +125 UNITS
V) —
v, o | ¢
V) (mA) MIN. MAX. MIN. MAX. MIN. MAX.
High-Level Input 45
Voltage Vin to 2 — 2 — 2 — | Vv
55
Low-Level Input 45
Voltage Vi to — 0.8 — 0.8 . 0.8 \
55
High-Level Output \g;. -0.05 45 44 — 44 — 44 —
Voltage Vo Vi 24 45 | 304 | — 38 — 37 —
o * { -75 55 | — — | 388 | — — — v
' -50 55 | — — — — |38 | —
Low-Level Output Viu 0.05 4.5 — 0.1 — 0.1 — 0.1
Voltage VoL or
Vi 24 45 — 0.36 — 0.44 — 0.5 Y]
8+ { 75 55 | — — — 1.65 -~ —
50 55 — — — — — 1.65
Input Leakage Vee
Current h or 5.5 — +0.1 — +1 — +1 LA
GND
3-State Vin
Leakage or
Current loz Vi
Vo= 55 - +0.5 — +5 — +10 HA
VCC
or
GND
Quiescent Supply Ve )
Current, MSI lec or 0 5.5 — 8 — 80 —_ 160 MA
GND
Additional Quiescent Supply 45
Current per Input Pin _ : : _ _ _
TTL Inputs High Alec V2.1 to 24 28 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT UNIT LOAD*
CAB, CBA 1.25
SAB, SBA 1.2

DIR 0.67
OE 1.17
An, Bn 0.4

"Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 2.4 mA max. @ 25°C.
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CD54/74AC646, CD54/74AC648
CD54/74ACT646, CD54/74ACT648

PREREQUISITE FOR SWITCHING: AC Series

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘(,\‘I:f -40 to +85 -55 to +125 UNITS
- MIN. © MAX. MIN. MAX.
Max. Frequency fmax 15 11 — 10 —
3.3 101 — 89 — MHz
5t 143 — 125 —
Setup Time tsu 15 27 — 31 —
Data to Clock 3.3 31 — 35 — ns
5 22 — 2.5 — i
Hold Time 15 2 — 2 —
Data to Clock tn 33 2 — 2 — ns
5 2 — 2 —
Clock Pulse Width 15 44 — 50 —
tw 3.3 4.9 — 5.6 — ns
5 3.5 — 4 —
*33V:min.is@3V
f5V:minis@45V
SWITCHING CHARACTERISTICS: AC Series; t,, t = 3 ns, C. = 50 pF
AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘{3; -40 to +85 =55 10 +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: ’ .
Store A Data to B Bus teun 15 — 154 — 169
Store B Data to A Bus b 33 48 17.1. 47 189 ns
646 Pt 5t 35 12.3 34 13.5
Store A Data to B Bus \ 1.5 — 154 — 169
Store B Data to A Bus L 33 48 17.1 4.7 18.9 ns
648 teHL 5 35 123 34 135 )
A Data to B Bus i 1.5 — 125 — 138
B Data to A Bus t"“‘ 33 4 14 39 15.4 ns
646 PrL 5 28 10 2.8 11
A Data to B Bus N 1.5 — 125 — 138
B Data to A Bus t"L" 33 4 14 39 15.4 ns
648 Pt 5 2.8 10 238 1
Select to Data 4 1.5 — 136 — 150
646 t*’“‘ 33 43 15.3 42 16.8 ns
PHL 5 3.1 10.9 3 12
Select to Data 4 1.5 — 136 — 150
648 t"L“ 33 43 15.3 42 16.8 ns
PrL 5 3.1 109 3 12
3-State Enabling/ teze _ —
Disabling Time tezn 23 52 164 5.1 202 ns
Bus to Output or teLz 5 35 12.3 34 135
Register to Output trHz ' ' ’ )
Power Dissipation Capacitance Cro§ — 150 Typ. 150 Typ. pF
Min. (Valley) Vor
During Switching of Vouv
Other Outputs (Output See 5 4Typ. @ 25°C \"
Under Test Not Fig. 1
Switching)
Max. (Peak) Vou
During Switching of Vop
Other Outputs (Output See 5 1Typ. @ 25°C \
Under Test Not Fig. 1
Switching)
Input Capacitance Ci — — 10 — 10 pF
3-State Output Capacitance Co — — 15 — 15 pF

*33Vimin.is@36V
max.is@3V

t5V:min.is@55V
max.is@4.5V
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§Crp is used to determine the dynamic power consumption, per package.
Po = Ve Cro fi + = (Vec®Cuto) where f; = input frequency

f, = output frequency

C. = output load capacitance

Vee = supply voltage.
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CD54/74AC646, CD54/74AC648

CD54/74ACT646, CD54/74ACT648

PREREQUISITE FOR SWITCHING: ACT Series

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (“;;’ -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Max. Frequency frnax 5* 125 — 110 — MHz
Setup Time
Data to Clock tsu 5 22 — 25 — ns
Hold Time
Data to Clock ty 5 2 - 2 - ns
Clock Pulse Width tw 5 39 o 45 _ ns
*SV:minis@45V
SWITCHING CHARACTERISTICS: ACT Series; t, & = 3 ns, C_ = 50 pF
AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘('\5)0 -40 to +85 =55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays:
Store A Data to B Bus teun -
Store B Data to A Bus tenL s 4 141 38 155 ns
646
Store A Data to B Bus N
Store B Data to A Bus ("“‘ 5 4 14.1 39 15.5 ns
648 PHL
A Data to B Bus t
B Data to A Bus PLH 5 32 1.4 3.1 125 ns
646 ter
A Data to B Bus. b
B Data to A Bus PLH 5 3.2 1.4 3.1 125 ns
648 tenL
Select to Data teun 5 37 13.2 36 145 ns
tere
Select to Data teun '
648 torn 5 4 14.1 3.9 155 ns
3-State Enabling/ teaL
Disabling Time tezn
Bus to Output or teiz 5 4 141 39 155 ns
Register to Output ez
Power Dissipation Capacitance Ceof§ — 150 Typ. 150 Typ. pF
Min. (Vailey) Vo
During Switching of Vouv
Other Outputs (Output See 5 4 Typ. @ 25°C "
Under Test Not Fig. 1
Switching)
Max. (Peak) Voo
During Switching of Vop
Other Outputs (Output See 5 1 Typ. @ 25°C A
Under Test Not Fig. 1
Switching)
Input Capacitance C — — 10 — 10 pF
3-State Output Capacitance Co — —_ 15 — 15 pF

*5Vimin.is@55V
max.is@45V

§Cro is used to determine the dynamic power consumption, per package.

Po=CeroVcc’ fi + 3 (CLVOszo) + VecAlec where

fi = input frequency
fo = output frequency

C. = output load capacitance
Vce = supply voltage.

305




Technical Data

CD54/74AC646, CD54/74AC648
CD54/74ACT646, CD54/74ACT648

PARAMETER MEASUREMENT INFORMATION

VoH

———— e

OTHER
ouTPUTS

______ -~— —— VoL
ouTPUT =~ — Vowv
UNDER
TEST

NOTES:

. VOHv AND Vo p ARE MEASURED WITH RESPECT TO A GROUND
REFERENCE NEAR THE OUTPUT UNDER TEST.

INPUT PULSES HAVE THE FOLLOWING CHARACTERISTICS:

PRR = 1 MHz, tr = 3ns, i - 3 ns, SKEW 1 ns.

R.F. FIXTURE WITH 700-MHz OESIGN RULES REQUIRED.

IC SHOULD BE SOLDERED INTO TEST BOARD AND BYPASSED
WITH 0.1 4F CAPACITOR. SCOPE AND PROBES REQUIRE
700-MHz BANDWIDTH.

~

w

92C5-42406

Fig. 1 - Simultaneous switching transient waveforms.

INPUT \ ‘
LEVEL ‘

DATA A(B) VI
GND

AC/ACT 648

tony "
Yo

B1A) vg

AC/ACT 646

92C5-42618

Fig. 3 - Propagation delay times.

OUTPUT

T S pr

OUTP! 50 pF

LOAD :L

*FOR AC SERIES ONLY: WHEN
Vee =15V, RL=1kQ

92C5-42389

Fig. 5 - Test circuit.
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INPUT LEVEL
-------------------- 90 %0

outeut |/ N .

DISABLE - - Vs

--------------- 10°%

GND

OUTPUT: LOW I vs

TO OFF TO LOW

02Veeyy, (zaND)

Vi #Vee)
OUTPUT: HIGH 0.8Vce oH (#Ve!
TO OFF TO HIGH vs
OUTPUTS ___ OUTPUTS OUTPUTS
ENABLED DISABLED ENABLED

o—(Q GND (tPHZ. tpZH)

OTHER
INPUTS ' O—1 pur 500 Q°
(TIED HIGH | O——{  WITH RL
ortow | 3-STATE
ouTPUT
5000 "
OUTPUT
DISABLE

*FOR AC SERIES ONLY: WHEN Vce = 1.5 V, R = 1 k(2

©0—0 OPEN (tppL. tPLH)
2vcc (tPLz, PzL).
(OPEN DRAIN)

out

92CM-42405

Fig. 2 - Three-state propagation delay waveforms and test circuit.
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tsp L)
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92CS-38405RI

Fig. 4 - Data setup and hold times.

CD54/74AC |CD54/74ACT
Input Level Vee 3v
Input Switching Voltage, Vs 0.5 Vce 15V
Qutput Switching Voltage, Vs 0.5 Vee 0.5 Vee
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CD54/74AC647, CD54/74AC649

Advance Information

CD54/74ACT647, CD54/74ACT649

Octal-Bus Transceiver/Registers,

CD54/74AC/ACT647 - Non-Inverting

4 20 - ) [
prmie) B v with Open Drain
A A2h¢’—°‘ :—‘;»—sz
ot I ¢ ves CD54/74AC/ACT649 - Inverting
1 3 -
. e ’
el
LR | cA cLock—1
sOURce (8ABSOURCE 7 PN 24 = Voe Type Features:
SE'I'..EP%'I;ISON 'SBA SOURCE PIN 12 = GND -

92CS- 38825

FUNCTIONAL DIAGRAM

The RCA CD54/74AC647 and CD54/74AC649 and the
CD54/74ACT647 and CD54/74ACT649 open-drain, octal-
bus transceiver/registers use the RCA ADVANCED CMOS
technology. The CD54/74AC649 and CD54/74ACT649 have
inverting outputs. The CD54/74AC647 and CD54/74ACT647
have non-inverting outputs. These devices are bus trans-
ceivers with D-type flip-flops which act as internal storage
registers on the LOW-to-HIGH transition of either CAB or
CBA clock inputs. Output Enable (OE) and Direction (DIR)
inputs control the transceiver functions. Data present at the
high-impedance output can be stored in either register or
both but only one of the two buses can be enabled as out-
puts at any one time. The Select controls (SAB and SBA)
can multiplex stored and transparent (real time) data. The
Direction control determines which data bus will receive
data when the Output Enable (OE) is LOW. In the high-
impedance mode (Output Enable HIGH), A data can be
stored in one register and B data can be stored in the other
register. The clocks_are not gated with the Direction (DIR)
and Output Enable (OE) terminals; data at the A or B termi-
nals can be clocked into the storage flip-flops at any time.

The CD74AC/ACT647 and CD74AC/ACT649 are supplied in
24-lead dual-in-line narrow-body plastic packages (EN suf-
fix) and .in 24-lead dual-in-line smali-outline plastic pack-
ages (M suffix). Both package types are operable over the
following temperature ranges: Commercial (0 to 70°C);
Industrial (-40 to +85°C); and Extended Industrial/Military
(-65 to +125°C).

The CD54AC/ACT647 and CD54AC/ACT649, available in
chip form (H suffix), are operable over the -55 to +125°C
temperature range.

m Buffered inputs
m Typical propagation delay:
7ns@ Vec =5V, Ta=25°C, CL =50 pF

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883, .
Method 3015 ’
m SCR-Latchup-resistant CMOS process and circuit design
m Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
m Balanced propagation delays
m AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
m + 24-mA output drive current
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

92CS-36847R"
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CD54/74AC647, CD54/74AC649
CD54/74ACT647, CD54/74ACT649

FUNCTION TABLE
INPUTS DATA I/O# OPERATION OR FUNCTION

OE DIR CAB CBA SAB SBA | AD THRU A7 | BO THRU B7 647 649

X X -/ X X X Input Not specified Store A, B unspecified Store A, B unspecified

X X X e X X | Not specified Input Store B, A unspecified Store B, A unspecified
H X _J I X X input Input Store A and B Data Store A and B Data

H X HorL Horl X X Isolation, hold storage Isolation, hold storage

L L X X X L Output Input Real-Time B Data to A Bus Real-Tim_e B Datato A Bus
L L X HorL X H Stored B Data to A Bus Store B Data to A Bus

L H X X L X Input Output Real-Time A Data to B Bus | Real-Time A Data to B Bus
L H Horl X H X Stored A Data to B Bus Stored A Data to B Bus

#The data output functions may be enabled or disabled by various signals at the OE 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 on the clock inputs.
To prevent excess currents in the High-Z modes, all /O terminals should be terminated with 10 kQ resistors.

MAXIMUM RATINGS, Absolute-Maximum Values:

DG SUPPLY-VOLTAGE (VEG) -« vt etettettteaanteaneeaaaeeeesenanaaseeeteeeseesstisataiitoeeeeeesas -05to6V
DC INPUT DIODE CURRENT, Ik (for Vi<-05VorVi>Vec +05V) ..o e +20 mA
DC OUTPUT DIODE CURRENT, lok {(for Vo <-0.5VorVo>Vec+05V) ... i +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo > -05V or Vo<Vcc +05V) .............. +50 mA
DC Vec 0r GROUND CURRENT (IcC OF JGND) « vt ettt ee e et eeeen i ee e eita e deaen e nian i aaeaneeneonas +100 mA*
POWER DISSIPATION PER PACKAGE (Po): k
For Ta=-551t0 +100°C (PACKAGE TYPE E) ... ..tutitinintitei ittt ites 500 mW
For Ta=+100to +125°C (PACKAGE TYPEE) .......ccciiiiiiiiiiiiiinas Derate Linearly at 8 mW/°C to 300 mW
For Ta=-551t0 +70°C (PACKAGE TYPE M) ... .tutntiiiitiitii it nes 400 mW
For Ta= +70t0 +125°C (PACKAGE TYPEM) ... ... ..iiiiiiiiriiiiiniinnens Derate Llnearly at6 mW/°Cto 70 mW
OPERATING-TEMPERATURE RANGE (TA) . iiitiiiiitter et it en e -55to +125°C
STORAGE TEMPERATURE (Tatg) - -t v vttt vttt e ettt eaaiaiaaaaees -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 £+ 1/32 in. (1.59 + 0.79 mm) from case for 10 s maximum ..............cooieiiiiniiieinionnn. +265°C
Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

*For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

CHARACTERISTICS : LIMITS ‘UNITS
) MIN. MAX.
Supply-Voltage Range, Vcc™:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 \"
ACT Types : 45 5.5 \
DC Input or Output Voltage, Vi, Vo 0. - Vee \Y
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3V (AC Types) 0 50 ns/V
at 3.6 Vto 5.5V (AC Types) 0 20 ns/V
at 4.5V to 5.5V (ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.
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STATIC ELECTRICAL CHARACTERISTICS: AC Series

) AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Ve *25 -40 1o +85 55104125 | yuirs
V)
v, I (
V) (mA) MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input 15 1.2 — 1.2 — 1.2 -
Voltage Vin 3 21 — 21 — 2.1 — \
55 3.85 —_ 3.85 — 3.85 —
Low-Level Input 1.5 — 0.3 — 03 — 0.3
Voltage Vi 3 — 09 - 0.9 — 09 Vv
5.5 — 1.65 — 1.65 — 1.65
Low-Level Output 0.05 15 — 0.1 — 0.1 — 0.1
Voitage Vo | v 0.05 3 — | o1 — | o1 — | o1
or 0.05 45 | — 0.1 — 0.1 — 0.1
' 12 3 — 0.36 — 0.44 — 05 |V
24 45 — 0.36 — 0.44 . 0.5
4+ ’ 75 55 — — — 1.65 —_ —
50 55 — — —_ — — 1.65
Input Leakage Vee
Current h or 55 — +0.1 - 1 — +1 LA
GND
Off-State Vi
Leakage or
Current loz Vi
Vo= 55 - +05 | — +5 — +10 | pA
Vee
or
GND
Quiescent Supply Ve :
Current, MSI lee or 0 5.5 — 8 — 80 — 160 UA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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CD54/74AC647, CD54/74AC649
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STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C

TEST CONDITIONS
CHARACTERISTICS . Ve +25 -40 to +85 -55 to +125 UNITS
V)
v, o |
MIN. | MAX. [ MIN. . | MIN. .
) (mA) N MAX IN MAX
High-Level Input 45
Voltage Viu ‘to 2 . 2 — 2 — v
5.5
Low-Level Input 45
Voltage Vi to — 0.8 — 0.8 — 0.8 \
. 55
Low-Level Output Vou 0.05 45 . 0.1 — 0.1 — 0.1
Voltage Voo 24 45 | — Jos | — Joam [ — [os |
o * 3 75 55 | — — — 1.65 — —
' 50 55 | — — — — — | 165
Input Leakage Ve
Current ly or 5.5 — +0.1 — +1 — +1 uA
GND
Off-State Vin
Leakage or
Current loz Vi
Vo= 55 — +0.5 — +5 — +10 MA
Vee
or
GND
Quiescent Supply Ve .
Current, MS! lcc or 0 5.5 — 8 — 80 — 160 LA
GND
Additional Quiescent Supply 45
Current per Input Pin o1, iy _ _ — .
TTL Inputs High Alcc Vo211 to 24 28 8 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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ACT INPUT LOADING TABLE

INPUT UNIT LOAD*
CAB, CBA 1.25
SAB, SBA 1.2

DIR 0.67
OE 117
An, Bn 0.4

*Unit locad is Alcc limit specified in Static

Characteristics Chart, e.g., 2.4 mA max. @ 25°C.
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PREREQUISITE FOR SWITCHING: AC Series

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (\‘I:;: -40 to +85 -55 to +125 UNITS
MiN. MAX. MIN. MAX.
Maximum Frequency frmax 1.5 11 — 10 —
3.3* 101 — 89 — MHz

5t 143 — 125 —

Setup Time 15 15.8 — 18 —
Data to Clock tsu 33 3.1 — 3.5 — ns

5 22 — 25 —

Hold Time 1.5 2 — 2 —
Data to Clock th 33 2 — 2 — ns

5 2 - 2 —

Clock Puise Width 15 44 — 50 —
tw 3.3 49 — 5.6 — ns

5 35 — 4 —

*3.3V: min.is@3V
t5V: min.is@45V

SWITCHING CHARACTERISTICS: AC Series; t, & = 3 ns, C. = 50 pF

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘("7)° -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: 15 — 154 — 169
Stored A Data to B Bus 647 teaL 3.3 52 18.4 5.1 20.2 ns
Stored B Data to A Bus 5t 3.5 123 3.4 135
Stored A Data to B Bus
a 649 15 — 166 — 183
Stored B Data to A Bus triz 33 47 18.6 46 18.3 ns
5 3.8 133 3.7 14.6
15 — 125 — 138
t 3.3 4.2 15 41 16.5 ns
A Data to B Bus 2L
B Data to A Bus 647 5 2.8 10 2.8 11
A Data to B Bus 649 15 — 137 — 151
B Data to A Bus tez 3.3 39 13.7 3.8 15.1 ns
5 3.1 11 3 12.1
15 — 136 — 150
tezL 33 46 16.4 45 18 ns
5 3.1 10.9 3 12
Select to Data 647, 649
15 — 149 — 164
thz 3.3 4.2 14.9 46 16.4 ns
5 3.4 119 3.3 13.1
Enable, Disable Times 15 — 154 — 169
Bus to Output or tez 33 52 18.4 51 20.2 ns
Register to Output teLz 5 3.5 12.3 34 13.5
Power Dissipation Capacitance Ceof§ — 150 Typ. 150 Typ. pF
Max. (Peak) VoL Voip
During Switching of Other Outputs See 5 © 1Typ. @ 25°C Vv
{Output Under Test Not Switching) Fig. 1
Input Capacitance Ci - — 10 — 10 pF
Off-State Output Capacitance Co — — 15 - 15 pF

*B3Viminis@36V
max.is@3V
t5V:min.is@55V
max.is @ 4.5V

§Cro is used to determine the dynamic power consumption, per package.
Po = Vce? Ceo fi + X Vec®Cuio where f; = input frequency
fo = output frequency
C. = output load capacitance
Vee = supply voltage.

311




Technical Data

CD54/74AC647, CD54/74AC649

CD54/74ACT647, CD54/74ACT649

PREREQUISITE FOR SWITCHING: ACT Series

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS SYMBOL \(’\‘,’; -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.

Maximum Frequency fmax 5" 125 — 110 — MHz
Setup Time

Data to Clock tsu S 22 — 25 — ns
Hold Time

Data to Clock tw 5 2 - 2 - ns
Clock Pulse Width tw 5 39 _ 45 B ns

*5V:min.is@45V

SWITCHING CHARACTERISTICS: ACT Series; t, t = 3 ns, C. = 50 pF
AMBIENT TEMPERATURE (T,) - °C
V,
CHARACTERISTICS sYMBOL | (v} ~90 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.

Propagation Delays:

Stored A Data to B Bus 647 trzL 5* 4 141 39 15.5 ns

Stored B Data to A Bus

Stored A Data to B Bus 649

Stored B Data to A Bus tez 5 43 151 42 166 ns

A Data to B Bus

E Data to A BUS 647 trze 5 3.2 114 3.1 125 ns

A Data to B Bus 649

B Da.ato A Bus tez 5 3.5 124 3.4 136 ns

Select to Data 647, 649 trzL 5 4 141 39 15.5 ns

elect o bata ) toLz 5 43 15.1 42 16.6 ns

Enable, Disable Times 4

Bus to Output or tPZL 5 4 14.1 3.9 15.5 ns

Register to Output Pz , .
Power Dissipation Capacitance Ceo8§ — 150 Typ. 150 Typ. pF
Max. (Peak) Voo Vorp

During Switching of Other Outputs See 5 1Typ. @ 25°C Vv

(Output Under Test Not Switching) Fig. 1
Input Capacitance Ci — — 10 — 10 pF
Off-State Output Capacitance Co — — 15 — 15 pF

*5Vmin.is @55V
max.is@4.5V
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§Crp is used to determine the dynamic power consumption, per package.

Po = Vec? Crp fi + £ Vec?Cufo + VecAlec where fi = input frequency
' = output frequency

C. = output load capacitance

Vce = supply voltage.
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CD54/74AC647, CDS4/74ACG49
CD54/74ACT647, CD54/74ACT649

PARAMETER MEASUREMENT INFORMATION

OTHER
OUTPUTS

QUTPUT
UNDER INPUT
TEST

_________ Voup LEVEL
N ———— ——— ~= Vo DATA A(8) Vg

NOTES:
1. VoLp IS WITH TOA CAB (CBA)
REFERENCE NEAR THE OUTPUT UNDER TEST.
2. INPUT PULSES HAVE THE FOLLOWING CHARACTERISTICS:
PRR < 1 MHz, t; = 3ns, 4 = 3 ns, SKEW 1 ns. 92CS-38405R!
3. R.F. FIXTURE WITH 700-MHz DESIGN RULES REQUIRED.
1C SHOULD BE SOLOERED INTO TEST BOARD AND BYPASSED
WITH 0.1 ,F CAPACITOR. SCOPE AND PROBES REQUIRE
700-MHz BANDWIDTH.

92C8-42862

Fig. 1 - Simultaneous switching transient waveforms. Fig. 2 - Data setup and hold times.

t,23ns }"F— 14=3ns
- ty=3ns : INPUT LEVEL
te=3ns ! INPUT LEVEL AntBa) | S —— ———=--—-=--9
OR | e e — N~ L Vg
OUTPUT SeLect A _ N 10%
DISABLE K—*—G
OUTPUT: OFF ND
TO LOW TO OFF
v —o0.2 vee
OQUTPUT:LOW -='S
TOOFFTOLOW 4 — — O.2vee

VOL(¥GND)

OUTPUTS OUTPUTS OUTPUTS ___
DISABLED | ENABLED “T" oisasLep
OUTPUTS

ENABLED 92Cs-42656
92C5-42657

__OUTPUTS _
ENABLED

OUTPUTS
DISABLED

2vVee
OTHER O
INPUTS | O— v?n"’rL s%n o
(TIED HIGH l o—1 L
OPEN-
OR LOW) DRAIN our
ouTPUT 5000 "

OUTPUT so pF RL
DISABLE 1: I

*FOR AC SERIES ONLY: WHEN Vog = 1.5V, R =1k

92€s5-42610

Fig. 3 - Open-drain propagation delay times and test circuit.

CD54/74AC |CD54/T4ACT
Input Level Vee 3V
Input Switching Voitage, Vs 0.5 Vee 1.5V
Output Switching Voltage, Vs 0.5 Vee 0.5 Ve
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CD54/74AC651, CD54/74AC652
CD54/74ACT651, CD54/74ACT652

Advance Information

Ao::‘; 2% +»— 0 . .
a1 —e>3 se—2 Octal-Bus Transceiver/Registers, 3-State
oaTa { A3+ 5] Hee—83lo&, CD54/74AC/ACT651 - Inverting
PORT | as—es-2] H8«—ss| "% CD54/74AC/ACT652 - Non-Inverting
] KDl
OEgp —219
FLIP-FLOP oA —_?
CLOCKS 1232‘&332 23 Type Features:
SABSOURCE -2 lpin 24 = vge w Buffered inputs

sSou
SELECTION SBA SOURCE PIN 12 = GND

92Cs- 42677

FUNCTIONAL DIAGRAM

The RCA CD54/74AC651 and CD54/74AC652 and the
CD54/74ACT651 and CD54/74ACT652 3-state, octal-bus
transceiver/registers use the RCA ADVANCED CMOS tech-
nology. The CD54/74AC651 and CD54/74ACT651 have in-
verting outputs. The CD54/74AC652 and CD54/74ACT652
have non-inverting outputs. These devices consist of bus
transceiver circuits, D-type flip-flops, and control circuitry
arranged for multiplexed transmission of data directly from
the data bus or from the internal storage registers. Output
Enables OEas and OEsa are provided to control the trans-
ceiver functions. SAB and SBA control pins are provided to
select whether real-time or stored data is transferred. The
circuitry used for select control will eliminate the typical
decoding glitch that occurs in a multiplexer during the tran-
sition between stored and real-time data. A LOW input level
selects real-time data, and a HIGH selects stored data. The
following examples demonstrate the four fundamental bus-
management functions that can be performed with the
octal-bus transceivers and registers.

Data on the A or B data bus, or both, can be stored in the
internal D flip-flops by low-to-high transitions at the ap-
propriate clock pins (CAB or CBA) regardless of the select
or enable control pins. When SAB and SBA are in the real-
time transfer mode, it is also possible to store data without
using the internal D-type flip-flops by simultaneously ena-
bling OEas and OEsa. In this configuration, each output
reinforces its input. Thus, when all other data sources to the
two sets of bus lines are at high impedance, each set of bus
lines will remain at its last state.

The CD74AC/ACT651 and CD74AC/ACT®652 are supplied in
24-lead dual-in-line narrow-body plastic packages (EN suf-
fix) and in 24-lead dual-in-line small-outline plastic pack-
ages (M suffix). Both package types are operable over the
following temperature ranges: Commercial (0 to 70°C);
Industrial (-40 to +85°C); and Extended Industrial/Military
(-55 to +125°C).

The CD54AC/ACT651 and CD54AC/ACT652, available in
chip form (H suffix), are operable over the -55 to +125°C
temperature range.
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= Typical propagation delay:
53ns@ Vec=5V, Ta=25°C, CL= 50 pF

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
m SCR-Latchup-resistant CMOS process and circuit design
®» Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
m Balanced propagation delays
a AC types feature 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply
m * 24-mA output drive current
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

caB — 1 24— vee
saB—p 2 23f— CBA
OEpg— 3 22}— sBA
A0—] a 21— OEpa
a1—] s 20— BO
A2— 6 19— 81
a3z— 7 18 — B2
a4 — 8 17}— B3
a5 —i 9 16— B4
A6 — 10 15— B5
a7 — 1 14— B6
GND 12 13— 87

92C5-42678
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CD54/74AC651, CD54/74AC652
CD54/74ACT651, CD54/74ACT652

FUNCTION TABLE
INPUTS . " DATA I/O OPERATION OR FUNCTION
OEss OEsa| CAB  CBA | SAB SBA | A0 THRU A7 | BO THRU B7 651 . . 652
L H |HorL HorL|{ X X Isolation * - isolation*
Input Input ;

L H S | X .. X ! Store A and B Data Store A and B Data
X H —/~ HorL|{ X X Input Unspecifiedt | Store A, Hold B Store A, Hold B
H H { / _/~ | xt X Input Output Store A in both registers Store A in both registers
L X |HorL _/ | X X | Unspecifiedt Input Hold A, Store B Hold, A Store B
L L |/~ /| x xt Output Input Store B in both registers Store B in both registers
L L X X X L Real-Time B Data to A Bus | Real-Time B Data to A Bus
L L X Hort | X H Output Input Stored B Data to A Bus Stored B Data to A Bus
H H X X L X -| Real-Time A Data to B Bus | Real-Time A Data to B Bus
H H |HorL X | H. x Input Output Stored A Data to B Bus | Stored A Data to B Bus

Stored A Data to B Bus and | Stored A Data to B Bus
H t Horl HorL| H H Output Output Stored B Data to A bus Stored B Data to A Bus

* To prevent excess currents in the High-Z (isolation) modes, ali I/O terminals should be terminated with 10kQ to 1MQ resistors.

t The data output functions may be enabled or disabled by various signals at the OEag or OEga inputs. Data input functions are always
enabled, i.e., data at the bus pins will be stored on every low-to-high transition on the clock-inputs.

¥ Select control = L: clocks can occur simuitaneously.
Select control = H: clocks must be staggered in order to load both registers.

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE (Vcc)

............................................................................. -05to6V
DC INPUT DIODE CURRENT, I (for Vi < -0.5 V or V; > Vec + 0.5 V) e +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo < -0.5 V or Vo > Vee + 0.5 V) o RN +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (forVo>-05VorVo<Vec+05V) .............. +50 mA
DC Ve or GROUND CURRENT (loc OF IGND) -+« v v e eeninee et et ee e e +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):
For Ta=-5510 +100°C (PACKAGE TYPE E) .....uuuurriiiiiieeeee et 500 mW
For Ta = +100 to +125°C (PACKAGE TYPEE) ...... [ Derate Linearly at 8 mW/°C to 300 mW
For Ta = -55t0 +70°C (PACKAGE TYPEM) ................ ettt et et e 400 mW
For Ta=+7010 +125°C (PACKAGE TYPEM) ............00coiiunemeennniinn, Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA) ...t ~55 to +125°C
STORAGE TEMPERATURE (Tstg) « « . v vveentteee e entteeee e e e -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
Atdistance 1/16 + 1/32 in. (1.59 £ 0.79 mm) from case for 10 MaximumM ................oooeeee +265°C
Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C -
*For up to 4 outputs per device; add + 25 mA for each additional output.
RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:
LIMITS
CHARACTERISTICS N MAK. UNITS
Supply-Voitage Range, Vcc™:
(For Ta = Full Package-Temperature Range)
AC Types 15 55 \"
ACT Types 45 . 55 Vv
DC Input or Output Voltage, Vi, Vo 0 Vee v
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at1.5Vto 3V (AC Types) 0 50 ns/V
at 3.6 Vto 5.5 V (AC Types) . 0 20 ns/V
at4.5V1to 55V (ACT Types) 0 10 ns/V

“Unless otherwise specified, all voltages are referenced to ground.
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STATIC ELECTRICAL CHARACTERISTICS: AC Series

'AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS S e EE 1 4oE
CHARACTERISTICS Vee *25 -40 to +85 55104125 | ynirs
: V)
v, o | ¢
- MIN. | MAX. | MIN. [ MAX. | MIN. | MAX.
v (mA) '
High-Levei Input 1.5 12 — 1.2 — 1.2 —
Voltage Vin 3 2.1 - 21 — 2.1 — \
’ 5.5 3.85 — 3.85 — 3.85 —
Low-Level Input 15 - 03 . 03 — 03
Voltage Vi 3 — 0.9 - 0.8 — 0.9 \
: 5.5 — 1.65 — 1.65 — 1.65
High-Level Output -0.05 1.5 14 . 1.4 — 1.4 —
Voltage Von v -0.05 3 29 — 29 — 29 —
H
or -0.05 45 | 44 — 44 — 44 —
Vi -4 3 | 258 | — | 248 | — 24 — v
-24 4.5 3.94 — 38 — 3.7 —
§ * 3 -75 5.5 — — 3.85 — — —
-50 5.5 - — — - 3.85 —
Low-Level Output 0.05 1.5 —_ 0.1 - 0.1 — 0.1
Valtage Vo | v 0.05 3 — 0.1 — 0.1 — 0.1
or 0.05 4.5 — 0.1 — 0.1 — 0.1
Vie 12 3 — 0.36 — 044 [ — 05 v
24 45 — 0.36 — 0.44 — 0.5
4 * ; 75 5.5 — — — 1.65 — —
50 5.5 — — — — — 1.65
Input Leakage Ve )
Current ) N or 5.5 — +0.1. — = — +1 uA
GND
3-State Vi
Leakage or
Current Voz Vi
Vo= 55 — +0.5 — +5 — +10 UA
VCC
or
GND
Quiescent Supply Ve
Current, MSI lec or 0 5.5 — 8 — 80 — 160 LA
GND

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +1 25°C.
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CD54/74AC651, CD54/74AC652

CD54/74ACT651, CD54/74ACT652

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Ve 25 -40 10 +85 55104125 | it
V)
M o M1 i
. | MAX. | MIN. [ MAX. | MIN. AX.
) | (ma "
High-Level Input 45
Voltage Vin to 2 — 2 — 2 — \"
5.5
Low-Level Input 45
Voltage Vi to — 0.8 — 038 — 0.8 v
55
High-Level Output \(/)m -0.05 45 44 — 44 — 4.4 —
T
Voltage Vou | 0 24 |45 | 394 | — |38 | — [ 37 | =
\'
4 * { -75 55 — — 3.85 — — —
-50 5.5 — — — — 3.85 —
Low-Level Output Vin 0.05 45 — 0.1 - 0.1 — 0.1
Voltage Vou or
Vi 24 45 — 0.36 — 0.44 — 0.5 v
4 * ; 75 5.5 — - — 1.65 — —
50 55 — — — — — 1.65
Input Leakage Ve
Current I or 55 — +0.1 — +1 — +1 LA
GND
3-State Vin
Leakage or
Current loz Vi
Vo= 55 — +0.5 — +5 — +10 A
Vee
or
GND
Quiescent Supply Ve
Current, MSI lec or [¢] 55 — 8 — 80 — 160 LA
GND
Additional Quiescent Supply 45
Current per Input Pin _ . _ _ _
TTL Inputs High Alee V21 to 24 28 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verities a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT UNIT LOAD*
CAB, CBA 1.25
SAB, SBA 12

OEse 0.67
OEga 117
An, Bn 04

*Unit load is Alcc limit specified in Static

Characteristics Chart, e.g., 2.4 mA max. @ 25°C.
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CD54/74AC651, CD54/74AC652

CD54/74ACT651, CD54/74ACT652

PREREQUISITE FOR SWITCHING: AC Series

Ve

AMBIENT TEMPERATURE (T,) - °C

CHARACTERISTICS SYMBOL W -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Max. Frequency frmax 15 11 — 10 —
3.3 101 —_ 89 — MHz
5t 143 — 125 —
Setup Time tsu 15 27 - 31 —
Data to Clock 3.3 3.1 — 35 — ns
5 22 — 25 —
Hold Time 1.5 2 — 2 —
Data to Clock th 33 2 _ 2 — ns
5 2 — 2 —
Clock Pulse 15 44 — 50 —
Data to Clock tw 33 49 — 56 — ns
5 35 — 4 —
*3.3V:min.is@3V
F5V; min.is@ 45V
SWITCHING CHARACTERISTICS: AC Series; t, t = 3 ns, C. = 50 pF
AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘(’ﬁf -40 to +85 -55to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays:
Store A Data to B Bus 4 15 — 154 — 169
Store B Data to A Bus tpL" 3.3" 438 171 47 18.9 ns
652 e 5t 35 12.3 34 135
Store A Data to B Bus 4 15 — 154 — 169
Store B Data to A Bus t’“‘ 33 48 17.1 47 18.9 ns
651 L 5 35 12.3 3.4 135
A Data to B Bus 4 1.5 —_ 125 — 138
B Data to A Bus t"“‘ 33 4 14 39 15.4 ns
652 PR 5 2.8 10 28 11
A Data to B Bus i 1.5 — 125 — 138
B Data to A Bus tPLH 33 4 14 39 15.4 ns
651 PHL 5 238 10 28 1
Select to Data " 15 — 136 — 150
652 t"”‘ 33 43 15.3 42 16.8 . ns
PHL 5 3.1 10.9 3 12
Select to Data t 15 — 136 — 150
651 t"“‘ 33 43 15.3 42 16.8 ns
PrL 5 3.1 109 3 12
3-State Enabling/ tez
ate =nabt 15 - 154 — 169
Disabling Time tezn 33 52 184 5.1 20.2 ns
Bus to Output or teLz 5 a5 123 34 135
Register to Output tenz ) . ) ) )
Power Dissipation Capacitance Cro§ — 150 Typ. 150 Typ. pF
Min. (Valley) Vo
During Switching of Vonv
Other Outputs (Output See 5 4 Typ. @ 25°C \
Under Test Not Fig. 1
Switching)
Max. (Peak) Vo
During Switching of : Voie
Other Outputs (Output See 5 1Typ. @ 25°C \
Under Test Not Fig. 1
Switching)
Input Capacitance Ci - . 10 — 10 pF
3-State Output Capacitance Co — — 15 — 15 pF

*33V:min.is@3.6V
max.is @3V

15 V:min.is@55V
max.is@4.5V
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§Cro is used to determine the dynamic power consumption, per package.
Po = Vec? Crp fi + Z (Vec®Cuto) where f; = input frequency

f, = output frequency

C. = output load capacitance

Vec = supply voltage.
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CD54/74AC651, CD54/74AC652

CD54/74ACT651, CD54/74ACT652

PREREQUISITE FOR SWITCHING: ACT Series

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (\7;‘ -40 to +85 -55 to +125 UNITS
MIN. MAX. MiN. MAX.
Max. Frequency fmax 5" 125 — 110 — MHz
Setup Time _ _
Data to Clock tsu 5 22 25 ns
Hold Time _ _
Data to Clock t” 5 2 2 ns
Clock Pulse _ _
Width tw 5 39 45 ns
*5V:iminis@4.5V
SWITCHING CHARACTERISTICS: ACT Series; t, t; = 3 ns, C_ = 50 pF
AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘('\;f -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays:
Store A Data to B Bus teen "
Store B Data to A Bus tenL 5 4 141 39 155 ns
652
Store A Data to B Bus \
Store B Data to A Bus L 5 4 14.1 39 15.5 ns
tere
651
A Data to B Bus b
B Data to A Bus P 5 32 11.4 3.1 12,5 ns
tenL
652
A Data to B Bus R
B Data to A Bus PLH 5 32 11.4 31 125 ns
651 tene
Select to Data teun
652 tor 5 3.7 13.2 3.6 145 ns
Select to Data teen
651 tow 5 4 141 39 15.5 ns
3-State Enabling/ teze
Disabling Time tezn
Bus to Output or toz 5 4 14.1 39 155 ns
Register to Output tenz
Power Dissipation Capacitance Cro§ — 150 Typ. 150 Typ. pF
Min. (Valley) Von
During Switching of Vonv
Other Outputs (Output See 5 4 Typ. @ 25°C Y
Under Test Not Fig. 1
Switching)
Max. (Peak) VoL
During Switching of Voie
Other Outputs (Output See 5 1Typ. @ 25°C \"
Under Test Not Fig. 1
Switching)
input Capacitance C — — 10 — 10 pF
3-State Output Capacitance Co - _ 15 — 15 pF

SV:min.is@55V
max.is@ 4.5V

§Cro is used to determine the dynamic power consumption, per package.
Po = Voo Ceop fi + I Vec’Cuto + VocAlee where f, = input frequency

fo = output frequency
L = output load capacitance
Vce = supply voltage.
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OTHER
OuTPUTS

QUTPUT
UNDER
TEST

NOTES:

1. VoHy AND Vo p ARE MEASURED WITH RESPECT TO A GROUND
REFERENCE NEAR THE OUTPUT UNDER TEST.

2. INPUT PULSES HAVE THE FOLLOWING CHARACTERISTICS:

PRR = 1 MHz,t;, - 3ns, ty = 3 ns, SKEW 1 ns.

R.F. FIXTURE WITH 700-MHz DESIGN RULES REQUIRED.

1C SHOULD BE SOLDERED INTO TEST BOARD AND BYPASSED

WITH 0.1 /F CAPACITOR. SCOPE AND PROBES REQUIRE

700-MHz BANDWIDTH.

w

9205-42406

Fig. 1 - Simultaneous switching transient waveforms.

INPUT
DATA

DATA a(B) Vi
GND

Ba) V2
AC/ACT651 s
fPHL tPLH
TPLH TPHL
sayVo. T — - —— —-Vs
AC/ACT 652

92C5- 42660

Fig. 3 - Propagation delay times.

QUTPUT

CL

%r=3ns t4=3ns
' i ! INPUT LEVEL
—————————— 90 9%
outrut |/ N vs
DISABLE
——————————————— 100
GND

*OUTPUT: LOW ——

TO OFF TO LOW

== 02Vecy,, (xaND)

VOH (#Vce)
OUTPUT: HIGH o cc

TO OFF TO HIGH Vs
OUTPUTS OQUTPUTS OUTPUTS
ENABLED DISABLED ENABLED

o— GND (tpHZ. tPZH)
0—O OPEN ({PHL. tPLH)
2Vcc tPLz. tpzL).

OTHER
INPUTS |0—~ puT

500 0 (OPEN DRAIN)
(TIEDHIGH | O——{ wITH RL
OR LOW) l 0 3-STATE our
ouTPUT .
500 0

OUTPUT

oisasLe ©

92CM-42405

*FOR AC SERIES ONLY: WHEN Vo = 1.5V, R = 1 kQ2

Fig. 2 - Three-state propagation delay waveforms and test circuit.

INPUT
LEVEL
DATA A(B) Vg Vg
fgy (L)
CAB {CBA)

92Cs-38405R1

Fig. 4 - Data setup and hold times.

OUTPUT T 50 pF
LOAD l P

“FOR AC SERIES ONLY: WHEN
Vee =15V, RL= 1k

CD54/74AC |CD54/74ACT

92cs-42389

Input Level Vee 3v
Input Switching Voltage, Vs 0.5 Vee 15V
Output Switching Voltage, Vs 0.5 Ve 0.5 Vee

Fig. 5 - Test circuit.
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Advance Information

CD54/74AC653, CD54/74AC654
CD54/74ACT653, CD54/74ACT654

Octal-Bus Transceivers/Registers,
Open-Drain (A Side), 3-State (B Side)
1 Hier—B6 CD54/74AC/ACT653 - Inverting

CD54/74AC/ACT654 - Non-Inverting

Type Features:
u Buffered inputs

m Typical propagation delay:

Ao__*,_s ﬁ»——ao
A —er3 Hge—B1
A |R2TS 17 22 &
A3 —er—1] (—e»—B3
DATA{ nq ., 8 6 es B4 [DATA
PORT 9 15 Ll
s—es-2 Ho¢s—Bs5
A7—es 11 FSes—B7
OEgp 217
OEpg —
FLIP-FLOP [CAB CLOCK
&l}OACKS lcncr.ocx 2
SAB SOURCE
SO 22 PIN 24 = Voo
SELECTION [SBA SOURCE —=“———— ',y 12= GND
92CS-42677
FUNCTIONAL DIAGRAM

The RCA CD54/74AC653 and CD54/74AC654 and the
CD54/74ACT653 and CD54/74ACT654 octal-bus transceiv-
ers/registers use the RCA ADVANCED CMOS technology.
The CD54/74AC653 and CD54/74ACT653 are inverting types
having open drains on the A outputs and 3-state outputs on
the B side. The CD54/74AC654 and CD54/74ACT654 differ
only in that these are non-inverting types. These devices
consist of bus transceiver circuits, D-type flip-flops, and
control circuitry arranged for multiplexed transmission of
data directly from the data bus or from the internal storage
registers. Output Enables OEas and OEga- are provided to
control the transceiver functions. SAB and SBA contro! pins
are provided to select whether real-time or stored data is
transferred. The circuitry used for select control will elimi-
nate the typical decoding glitch that occurs in a multiplexer
during the transition between stored and real-time data. A
LOW input level selects real-time data, and a HIGH selects
stored data. The following examples demonstrate the four
fundamental -bus-management functions that can be per-
formed with the octal-bus transceivers and registers.

Data on the A or B data bus, or both, can be stored in the
internal D flip-flops by low-to-high transitions at the appro-
priate clock pins (CAB or CBA) regardiess of the select or
enable control pins. When SAB and SBA are in the real-time
transfer mode, it is also possible to store data without using
the internal_D-type flip-flops by simultaneously enabling
OEae and OEaa. In this configuration, each output reinforces
its input. Thus, when all other data sources to the two sets
of bus lines are at high impedance, each set of bus lines will
remain at its last state.

The CD74AC/ACT653 and CD74AC/ACT654 are supplied in
24-lead dual-in-line narrow-body plastic packages (EN suf-
fix) and in 24-lead dual-in-line small-outline plastic pack-
ages (M suffix). Both package types are operable over the
following temperature ranges: Commercial (0 to 70°C);
Industrial (-40 to +85°C); and Extended Industrial/Military
(-55 to +125°C).

The CD54AC/ACT653 and CDS4AC/ACT654, available in
chip form (H suffix), are operable over the -55 to +125°C
temperature range.

5.3ns@ Vec =56V, Ta=25°C, CL = 50 pF

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
m SCR-Latchup-resistant CMOS process and circuit design
u Speed of bipolar FAST*/AS/S with significantly
reduced power consumption
m Balanced propagation delays
m AC types feature 1.5 V to 5.5 V operation and balanced
noise immunity at 30% of the supply
m + 24 mA output drive current '
- Fanout to 15 FAST* ICs
- Drives 50-ohm transmission lines

*FAST is a Registered Trademark of Fairchild Semiconductor Corp.

caB — 1 24— Vee
sap—| 2 23— cBA
OB g—] 3 22— s8aA
A0— 4 21— O ga
ar— s 20— B8O
a2— 6 19— B1
AZ— 7 18 — B2
A4 — 8 17— 83
A5 — 9 16— Ba
a6 — 10 15— 85
A7 — 11 14— B6
GND—] 12 13— 87

92C5-42678

TERMINAL ASSIGNMENT

File Number 1975
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CD54/74AC653, CD54/74AC654
CD54/74ACT653, CD54/74ACT654

FUNCTION TABLE
INPUTS DATA I/O OPERATION OR FUNCTION
OExs OEps | CAB_ CBA | SAB SBA | A0 THRU A7 | BO THRU B7 653 654
L H [HorL HorL| X X Isolation * Isolation*
: Input Input
L H |/ X X . ) Store A and B Data Store A and B Data
X H |/ HorL| X X Input Unspecifiedt Store A, Hold B Store A, Hold B
H H |/~ _/ | xt X Input Output Store A in both registers Store A in both registers
L X {HorL /7 X X Unspecifiedt Input Hold A, Store B Hold, A Store B
L L |/~ /1 x X Output Input Store B in both registers Store B in both registers
L L X X X L Real-Time B Data to A Bus | Real-Time B Data to A Bus
L L | X HorL]l x n Output Input Stored B Datato ABus | Stored B Data to A Bus
H H X X L X Input Output Real-Time A Data to B Bus | Real-Time A Data to B Bus
H H [HorlL X H X Stored A Data to B Bus Stored A Data to B Bus
Stored A Data to B Bus and | Stored A Data to B Bus and
H L |Horkt Horl| H H Output Output Stored B Data to A bus Stored B Data to A Bus

* To prevent excess currents in the High-Z (isolation) modes, ail I/O terminais should be terminated with 10kQ to 1MQ resistors.

- The data output functions may be enabled or disabled by various signals at the OEag or OEga inputs. Data input functions are always
enabled, i.e., data at the bus pins will be stored on every low-to-high transition on the clock inputs.

1 Select control = L: clocks can occur simultaneously.
Select control = H: clocks must be staggered in order to load both registers.

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VEE) « ettt ntene et tte et et et e e ettt et e et et eans -05t06V
DC INPUT DIODE CURRENT, Ik (for Vi< -05VorVi>Vec +05V) ..o i +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo<-05VorVo>Vee +05V) ..o +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-05VorVo<Vec+05V) .........v... +50 mA
DC Voc O GROUND CURRENT (166 OF IGND) + « v« « v s« e m e et e e et e et et e e e e et e +100 mA*
POWER DISSIPATION PER PACKAGE (Po):

For Ta=-5510 +100°C (PACKAGE TYPE E) .« ..ttuutnttttant ettt et et b e et e e e eaeen 500 mW

For Ta=+100to +125°C (PACKAGE TYPEE) ......ciiiitiiiiiiiiiiinnne, Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +70°C (PACKAGE TYPE M) ... iittiiiitiiiai ittt ittt iie i rnieeenn 400 mwW

For Ta = +70 to +125°C (PACKAGE TYPE M)
OPERATING-TEMPERATURE RANGE (Ta)

Derate Linearly at 6 mW/°C to 70 mW
-55to +125°C

STORAGE TEMPERATURE (Tatg) « vt ottt tte e eteaeee ettt ea e e e et et e ae e eaenie s -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10 smaximum ............. ... .ooiiiiiiiein.. +265°C
Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

*For up to 4 outputs per device; add + 25 mA for each additiona! output.

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

LIMITS
UNITS
CHARACTERISTICS MIN MAK.
Supply-Voltage Range, Vee™:
(For Ta = Full Package-Temperature Range)
‘ AC Types 1.5 5.5 Vv
ACT Types 4.5 55 v
DC Input or Output Voltage, Vi, Vo 0 Vee v
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3V (AC Types) 0 50 ns/V
at 3.6 V t0 5.5 V (AC Types) 0 20 - ns/V
at4.5V to 5.5V (ACT Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.
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STATIC ELECTRICAL CHARACTERISTICS: AC Series

AMBIENT TEMPERATURE (T,) - °C
, TEST CONDITIONS ’ : ) ;
CHARACTERISTICS Ve *25 | -40to+85 55104125 | ynits
V)
v, I (
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
v) (mA) i . :
High-Level Input . 15 1.2 — 1.2 . 1.2 .
Voltage Vin 3 21 — 2.1 — 2.1 — v
55 | 385 — 3.85 — 3.85 —
Low-Level Input 15 | — 0.3 — 03 — 03
Voltage Vi 3 —_ 0.9 — 0.9 — 09 )
55 — 1.65 — 1.65 — 165
High-Level Output -0.05 15 1.4 — 1.4 — 1.4 —
Voltage (B Side) Von v -0.05 3 29 _ 29 — 29 —
H
or -0.05 45 | 44 — | 44 — 44 —
Vi 4 3 | 258 | — |‘248 | — | 24 — v
-24 45 | 394 — 338 — 37 —
4 * -75 55 — — 3.85 — — —
-50 55 - — — — 3.85 —
Low-Level Output 0.05 15 | — 0.1 — 0.1 — 0.1
Voltage Voo | v | o005 3 — 0.1 — | o1 — 0.1
or "~ 005 45 - 0.1 — 0.1 — 0.1
Vi 12 3 — 0.36 — 0.44 — 05 | V
24 45 — 0.36 — 0.44 — | os
4 * 75 55 - — — 1.65 — —
50 55 — - - — — 1.65
Input Leakage Vee
Current h or 5.5 — +0.1 — . +1 — +1 uA
GND
3-State or Vi
Off-State Leakage ' or
Current loz Vi
Vo= 55 — +05 — +5 — +10 A
Vee
or
GND
Quiescent Supply Vee
Current, MSI lec or 0 55 — 8 — 80 — 160 . HA
GND -

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize
power dissipation. :
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
. TEST CONDITIONS
CHARACTERISTICS B Ve 25 -40 to +85 55104125 I ynits
v)
(“II') (n|\°A) MIN. MAX. MIN. MAX. MIN. [ MAX.
High-Level Input 45 .
Voltage Vin to 2 . 2 — 2 — \
. 55
Low-Level Input . 45
Voltage Vi to — 08 — 0.8 - 0.8 Y
55
High-Level Out.put \(/).F -0.05 45 4.4 —_— 4.4 — 44 —
Voltage (B Slde) Vou Vi 24 45 3.94 —_ 3.8 — 37 —_ v
) 4 * -75 55 — — 3.85 — — —
’ -50 55 | — — — — 3.85 —
Low-Level Output Vin 0.05 45 — 0.1 — 0.1 — 0.1
Voltage Voo or
Vi 24 4.5 — 036 | — 0.44 _— 0.5 v
4 * 75 55 — — — 1.65 — —
50 55 — — — — — 1.65
Input Leakage Vee
Current h or 55 — +0.1 — +1 — +1 HA
GND :
3-State or Off-State Vi
Leakage or
Current loz Vi
Vo= 55 — +0.5 — +5 — +10 MA
Vee
or
GND
Quiescent Supply Vee
Current, MSI lee or 0 55 — 8 — 80 — 160 A
GND
Additional Supply 45
Current per Input Pin, _ iy - _ _
TTL inputs High Alge | Vee2! “’5 24 28 8 mA
1 Unit Load 5

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE

INPUT UNIT LOAD*
CAB, CBA 1.25
SAB, SBA 1.2

OEss 0.67
OEga 1.17
An, Bn 0.4

*Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 2.4 mA max. @ 25°C.
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PARAMETER MEASUREMENT INFORMATION

tr=3ns t4=3ns
! INPUT LEVEL

¢ B ) ‘] (SR 90 %
. ourpur |/ Nl
g von DISABLE vs
N s 4 R | S 100

OTHER GND
QUTPUTS
_____ — - ——— Vor
OUTPUT: LOW ——_ Vs
FF TO LOW .
von TO O __.02 VCCVOL (£GND)
M= =~ ~— Vouv
OUTPUT
UNDER OUTPUT: HIGH = esvee oM (*Veo
TEST . e e — Vorp TO OFF TO HIGH -—- Vs e
_;.——/\/—) ———————— VoL
+ OUTPUTS ] OUTPUTS OUTPUTS
NOTES: ~ ENABLED DISABLED ENABLED
1. VOHv AND Vo p ARE MEASURED WITH RESPECT TO A GROUND o0—) GND (tpH2, tpzR):
REFERENCE NEAR THE OUTPUT UNDER TEST. o_o OPEN ('PHL tpLH)
2. INPUT PULSES HAVE THE FOLLOWING CHARACTERISTICS: oO— o
'PRR < 1 MHz, t; = 308, 1 = 3 ns, SKEW 1 ns. OTHER I 2Vcc (tprz, tPzL),
3. A.F. FIXTURE WITH 700-MHz DESIGN RULES REQUIRED. INPUTS O—1 opur 500 0* (OPEN DRAIN)
IC SHOULD BE SOLDERED INTO TEST BOARD AND BYPASSED (TIEDHIGH | O——  wiTH AL
WITH 0.1 .F CAPACITOR. SCOPE AND PROBES REQUIRE OR LOW) l 3-STATE ouT
700-MHz BANDWIDTH. Oo— OUTPUT
5000 °
92¢S$-42406 OUTPUT
oisasLe O
= 92CM-42405
“FOR AC SERIES ONLY: WHEN Ve = 1.5V, R = 1 kD2
Fig. 1 - Simuitaneous switching transient waveforms. Fig. 2 - Three-state propagation delay waveforms and test circuit (B outputs).
PREREQUISITE FOR SWITCHING: AC Series
v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (\‘sz -40 to +85 -55 to +125 UNITS
: MIN. MAX. MIN. MAX.
Maximum Frequency fmax 1.5 1 — 10 —
] 3.3 101 - 89 —_ MHz
5t 143 — 125 —
Setup Time 15 27 - 31 —
Data to Clock tsu 33 31 b 35 — ns
5 22 — 25 —
Hold Time 15 2 - 2 —
Data to Clock th 33 2 — 2 — ns
5 2 - 2 —_
Clock Pulse Width 15 44 - 50 —
Data to Clock tw 33 49 — 5.6 —_ ns
5 3.5 - 4 —

*33V: min.is@3V
T5V: min.is@45V
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SWITCHING CHARACTERISTICS: AC Series; t, t = 3 ns, C. = 50 pF

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘(’\7f -40 1o +85 -55 o 4125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: 4 15 - 153 — 169
Stored A Data to B Bus (653) t””‘ 33" 49 17.2 47 18.9 ns
Stored A Data to B Bus (654) PHL 5t 35 12.3 34 135
15 — 153 — 169
_ tezL 33 5.2 18.4 5.1 20.2 ns
Stored B Data to A Bus (653) } 5 35 12.3 3.4 135
Stored B Data to A Bus (654) 15 — 166 — 183
trLz 33 4.7 16.6 46 18.3 ns
5 3.8 133 3.7 14.6
A Data to B Bus (653) ‘ 15 — 125 — 138
A Data to B Bus (654) t”“‘ 33 4 14 39 15.4 ns
PHL 5 28 10 28 M
15 — 125 — 138
- tezL 33 4.2 15 4.1 16.5 ns
B Data to A Bus (653) 5 2.8 10 28 1 .
B Data to A Bus (654) 15 — 137 -— 151
: teLz 33 39 13.7 38 151 ns
5 3.1 " 3 121
Select to Data (B Bus) 4 15 _— 136 — 150
(653/654) tP H 33 4.3 15.3 42 16.8 ns
PHL 5 3.1 10.9 3 12
15 — 136 — 150
tez 33 4.6 16.4 45 18 ns
Select to Data (A Bus) 5 3.1 109 3 12
(653/654) 15 —_ 149 — 164
terz 33 42 149 4.1 16.4 ns
5 34 119 33 131
3-State Enabling/ tezL _ _
Disabling Time (B Bus) tezn 19 154 169
33 5.2 18.4 51 20.2 ns
Bus to Output or tez 5 35 123 34 135
Register to Output (653/654) tenz ) ) ) )
Off-State Enabling/ i _ _
Disabling Time (A Bus) tea 15 154 169
teLz 33 5.2 184 5.1 20.2 ns
Bus to Output or 5 35 123 34 135
Register to Output (653/654) i ) ) ’
Power Dissipation Capacitance Cro§ — 150 Typ. 150 Typ. pF
Min. (Valley) Von (B Side) Vorv
During Switching of Other Outputs See 5 4 Typ. @ 25°C Vv
(Output Under Test No Switching) Fig. 1
Max. (Peak) Voo Vore )
During Switching of Other Outputs See 5 1 Typ. @ 25°C \
(Output Under Test Not Switching) Fig. 1
Input Capacitance Ci — — 10 — 10 pF
3-State Output Capacitance (B Side) Co — — 15 — 15 pF
Off-State Output . . _ _
Capacitance (A Side) Co 15 15 Pk
*33V:min.is@36V §Cpo is used to determine the dynamic power consumption'. per package.
max.is@3V Po = Vec? Cro fi + X (Vec°Cifo) where f; = input frequency
. min i f, = output frequency
sv: zlar;( .;%5455\(, C. = output load capacitance

Vec = supply voltage.
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PREREQUISITE FOR SWITCHING: ACT Series

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (\‘,’f -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.

Maximum Frequency frnax 5* 125 — 110 — MHz
Setup Time

Data to Clock tsu 5 2.2 - 25 — ns
Hold Time

Data to Clock t 5 2 - 2 - ns
Clock Pulse

Width tw 5 39 — 45 — ns

*5Vmin.is@45V

SWITCHING CHARACTERISTICS: ACT Series; t, t: = 3 ns, C, = 50 pF

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘("y)c -40 to +85 -55to +125 UNITS
I MIN. MAX. MIN. MAX.
Propagation Delays:_ t
Stored A Data to B Bus (653) t"“‘ 5 4 14.1 39 15.5 ns
Stored A Data to B Bus (654) PHL
Stored B Data to A Bus (653) tean 5 4 14 39 155 ns
Stored B Data to A Bus (654) triz 5 43 15.1 42 16.6 ns
A Data to B Bus (653) trun
A Data to B Bus (654) tom 5 3.2 1.4 3.1 125 ns
B Data to A Bus (653) tezL 5 3.2 14 3.1 125 ns
B Data to A Bus (654) toz 5 35 12.4 34 136 ns
Select to Data (B Bus) (653) ten 5 4 14.1 3.9 15.5 ns
(654) tene 37 13.2 36 145
Select to Data (A Bus) teze 5 - 7 4 141 39 15.5 ns
(653/854) trz 5 43 15.1 4.2 16.6 ns
3-State Enabling/ teze
Disabling Time (B Bus) tezn
Bus to Output or teLz 5 4 141 3'9. 185 ns
Register to Output (653/654) tenz
Off-State Enabling/
Disabling Time (A Bus) tez
Bus to Output or toz 5 4 14.1 3.9 15.5 ns
Register to Output (653/654)
Power Dissipation Capacitance Cro§ — 150 Typ. "~ 150 Typ. pF
Min. (Valley) Vou (B Side) Vonv
During Switching of Other Outputs See 5 4 Typ. @ 25°C v
(Output Under Test Not Switching) Fig. 1
Max. (Peak) VoL Vore
During Switching of Other Outputs See 5 1Typ @ 25°C \
(Output Under Test Not Switching) Fig. 1
Input Capacitance C — — 10 — 10 pF
3-State Output Capacitance (B Side) Co — — 15 — 15. pF
Off-State Output Capacitance (A Side) Co — — 15 — 15 pF

*Min.is@55V
max. is @ 4.5V

§Cro is used to determine the dynamic power consumption, per package.
Po = Vec® Ceo fi + X Vec®Cuto +VecAlee Where  f; = input frequency
fo = output frequency
C. = output load capacitance
Vee = supply voltage.
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CD54/74AC653, CD54/74AC654
CD54/74ACT653, CD54/74ACT654

tr=3ns fe3n INPUT LEVEL 1,=3ns }__,__ 1y =308
_____ i P p———-T .Y 7Y INPUT LEVEL
ouTPUT o Ny Ba ———90%
DISABLE - : S OR
—————— == ——10% SELECT
‘ GND
=1
PLz OUTPUT: OFF
FF
OUTPUT:LOW _ —%SZVcc TOLOWT0 O :
TOOFFTOLOW A — — — — — — __O. Vo (#GND) — 0.2 Vee
___ouTPUTS _ oUTPUTS OUTPUTS —_ouTPUTS A_LJ”P‘”S OUTPUTS __
ENABLED DISABLED ENABLED DISABLED ENABLED DISABLED
92C$-42657 92C5-42656
2vee

OTHER O

INPUTS l Oo— 3#‘:"
(TIEDHIGH ) O——  aiTH

OR LOW) DRAIN
ouTRUT

out

ouTPUT
pisasLe O

“FOR AC SERIES ONLY: WHEN Vce = 1.5V, R = 1 kQ

92CS-42610
Fig. 3 - Open-drain propagation delay times and test circuit (A outputs).

INPUT
LEVEL

DATA A{B)

tgy (L)

CAB (CBA)
92CS - 38405RI

Fig. 4 - Data setup and hold times.

CD54/74AC |CD54/74ACT
Input Level Vee 3V
Input Switching Voltage, Vs 0.5 Vee 15V
Output Switching Voltage, Vs 0.5 Vee 0.5 Vec




Advance Information
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— Q2
— Q@3

MASTER] 14- STAGE | _ o4

RESET RIPPLE
COUNTER [— Qs

— Q6
OSCILLATOR I o7
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— a9

— ato*
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— Q12
— o3
— a14

o] P Tyﬁo Features:

u Buffered inputs
s Common reset

o — ]

u On-board oscillator

Technical Data

CD54/74AC7060, CD54/74AC7061
CD54/74ACT7060, CD54/74ACT7061

14-Stage Binary Counter with Oscillator

s Negative-edge clocking
8 Typical fuax = 200 MHz @
Vec =5V, C. =50 pF
a AC/ACT7060 Enabling Reset disables oscillator

o - w AC/ACT7061 oscillator continues to run when Reset is enabled

FUNCTIONAL DIAGRAM

The RCA-CD54/74AC7060 and CD54/74AC7061 and the
CD54/74ACT7060 CD54/74ACT7061 each consists of an
oscillator section and 14 ripple-carry binary counter stages.
The oscillator configuration allows design of either RC or
crystal oscillator circuits. A Master Reset input is provided
which resets the counter to the all-0's state and disables the
osciltator.in the 7060. In the 7061 the oscillator continues to
run when the Master Reset is enabled.-A high level on the
MR line accomplishes the reset function. All counter stages
are master-siave flip-flops. The state of the counter is
advanced one step in the binary order on the negative
transition of ¢l (and ¢0). All inputs and outputs are
buffered. Schmitt trigger action on the input-pulse line
permits much slower rise and fall slew rates.

In order to achieve a symmetrical waveform in the oscillator
section, the ACT7060 and 7061 input pulse switchpoints are
the same as in the AC7060 and 7061 except the MR input in
the ACT7060 and 7061 has TTL switching levels.

The CD74AC/ACT7060 and the CD74AC/ACT7061 are
supplied in 20-lead dual-in-line plastic packages (E suffix)
and in 20-lead dual-in-line small-outline plastic packages
(M suffix). Both package types are operable over the
following temperature ranges: Commercial (0 to +70°C);
Industrial (-40 to +85°C); and Extended Industrial/Military
(-55 to +1256°C). The CDS4AC/ACT7060 and the CD54-
AC/ACT7061, available in chip form (H suffix), are operable
over the -55 to +125°C temperature range.

Famlly Features:

u Exceeds 2-kV ESD protection-MIL-STD-883, Method 3015

® SCR-latchup-resistant CMOS process and circuit design
» Balanced propagation delays
w AC types feature 1.5V to 5.5V operation and
balanced noise immunity at 30% of the supply
® 124-mA output drive current (Q1, Q2, and Q3)
- Fanout to 15 FAST" ICs
- Drives 50-ohm transmission lines

*FAST is a registered trademark of Fairchild Semiconductor Corp.

TRUTH TABLE
Pl MR OUTPUT STATE
e L ‘No Change |
- L Advance to Next State
X H All Outputs are Low

H = high level (steady state)
L = low level (steady state)
X = don't care

File Number 2062
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CD54/74AC7060, CDS4/74AC7061
CD54/74ACT7060, CD54/74ACT7061

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE, (VOC) « e tvotsreeasoensnensueneniaererostossssosasseneassssorssiosssontsscicastasatssncnns
DC INPUT DIODE CURRENT, Ii (for Vi <-0.5V or Vi > Ve +0.5 V)
DC OUTPUT DIODE CURRENT, lox (for Vo <-05VorVo>Vec*0.5 V) .oounivniiiiiiiiiiiiiiiiarenieiiiiiiiiininianns
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, Io (for Vo> -0.5 V or Vo < Vgc +0.5 V).

DC Veec OR GROUND CURRENT (1€ OF IGND) « v« e v e oo e etavansnsansneeesatotssssnsisenscascassstasassnsansisstsenses
POWER DISSIPATION PER PACKAGE (Pp): '
FOr Ta=-551t0 +100°C (PACKAGE TYPES E) . ..tuttuuttretrnneeneeenetiuneeeteisrsustnieraaastustosseasarrosssssns
For Ta = +100 to +125°C (PACKAGE TYPESE) ... : . Derate Linearly at 8 mW/°C to 300 mW
FOr Ta=-5510 +70°C (PACKAGE TYPE M) ...cuvuiiniuniueienaeueeaensesivasiisesenssetasonaeeseatrosuosassesnsinrens 400 mW
For Ta=+701t0 +125°C (PACKAGE TYPEM) ....vtniririirreeiatnuinetinserinenninencssines Derate Linearly at 8 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta) .......... T P -55 to +126°C
STORAGE TEMPERATURE (Tatg) <+« e v vvneeernunseeuuomiareasorssiuaistsnuuneesniueseocesssoteissioitiseiannens -85 to +150°C

LEAD TEMPERATURE (DURING SOLDERING)
At distance 1/16 + 1/32 in. (1.59 £ 0.79 mm) from case for 108 MAX. ........iiuuiiiinerenieiiaeerttirrunieiateeonuactes
Unit inserted into PC board (min. thickness 1/16 in., 1.59 mm) with solder contacting lead tips only

*(For up to 4 outputs per device; add £25 mA for each additional output.)

RECOMMENDED OPERATING CONDITIONS:
For maximum reliability, normal operating conditions should be selected so that operation Is always within the
following ranges:

LIMITS
CHARACTERISTIC A MIN. MAX. UNITS
Supply-Voltage Range ) Vec*
(For Ta = Full Package-Temperature Range) .

AC Types 1.5 5.5

ACT Types - 45 5.5
DC Input or Output Voitage Vi, Vo 0 Vee v
Operating Temperature Ta -55 +125 °C
Input Rise and Fall Slew Rate dt/dv+ '

at1.5Vto 3V (AC Types) . 0 |l 80

at 3.6 Vto 5.5V (AC Types) 0 20 ns/V

at4.5Vto 5.5V (ACT Types) . 0 . 10

tApplicable for MR. Schmitt input on ¢l line permits slower slew rates.
*Unless otherwise specified, all voltages are referenced to ground.

Q9 1 20— vee
a8 2 19— ato0
o7t —| 3 18— an
a6 — @ 17 f— @12
a5 —{ 5 16— Q13
aa— 6 15— a14
] | MASTER
Q3 7 14 [ MASTE
2—| 8 13— 30
at— 9 12— ¢0
GND — 10 Ml—e1
92C5-43092
TERMINAL ASSIGNMENT
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CD54/74AC7060, CD54/74AC7061
CD54/74ACT7060, CD54/74ACT7061

STATIC ELECTRICAL CHARACTERISTICS: AC Serles

TEST AMBIENT TEMPERATURE (T.) - °C
CHARACTERISTIC CONDITIONS | Vcc +25 -40 to +85 -5510 +125 |UNITS
. L Vi(V) llo(mA)[(V) | MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input Voltage Viu 15 1.2 . 12 — 1.2 -
3 2.1 - 2.1 —_ 2.1 -
5.5 | 3.85 - 3.85 — 3.85 —
Low-Level Input Voltage - Vi 1.5 — 0.3 — 0.3 - 0.3
3 — 0.9 — 0.9 —_ 0.9
5.5 — 1.65 — 1.65 — 1.65
Output High Voltage Vou | Vin -0.05 |15 14 —_ 14 . 1.4 —
All Outputs or -0.05 | 3 2.9 c - 29 - 29 —
Vi -0.05 {4.5 4.4 — 4.4 — 4.4 —
o, Po Vin -2 3 | 258 — | 248 — 24 -
or
(Pins 12, 13) Vie -12 4.5 | 3.94 — 3.8 . 3.7 —
Q1,Q2, Q3 Vin -4 3 2.58 — 2.48 - 2.4 —
or
\ -24 45 | 3.94 - 3.8 - 3.7 -
4o { 75 |55 ) — — |38 | — - —
i 50 5.5 — — — — 3.85 —
Q4 thru Q14 Vihw ] -13 3 2.58 . 2.48 - 24 —
or v
Vi -8 4.5 | 3.94 = 3.8 —_ 3.7 —
Output Low Voltage Voo | Vim -0.05 |15 - 0.1 — 0.1 — 0.1
All Outputs or -005 | 3 - 0.1 — 0.1 — 0.1
Vi -0.05 [4.5 — 0.1 — 0.1 — 0.1
o, Po Vin 6 3 - 0.36 — 0.44 — 0.50
or
(Pins 12, 13) Vi 12 4.5 — 0.36 — 0.44 — 0.50
Q1,Q2, Q3 Vin 12 3 — 0.36 - 0.44 — 0.50
B or
Vi 24 4.5 - 0.36 — 0.44 — 0.50
4» { 75 |55 | — - - |18 | — -
50 5.5 — - . — — 1.65
Q4 thru Q14 Vin 4 3 - 0.36 . 0.44 — | 0.50
or
Vi 8 4.5 — 0.36 — 0.44 —_ 0.50
Input Leakage Current h Vee
or 5.5 - +0.1 — +1 - +1
Gnd uA
Quiescent Supply Current, lec | Vee
MSI or 0 (55| — 8 — 80 | — 160
Gnd

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage
to minimize power dissipation.
*Teost verifies a minimum 50-0 transmission-line-drive capability at +85°C/ 75 ohms at +125°C.
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CD54/74AC7060, CD54/74AC7061
CD54/74ACT7060, CD54/74ACT7061

STATIC ELECTRICAL CHARACTERISTICS: ACT Series

TEST AMBIENT TEMPERATURE (Ta) - °C
CHARACTERISTIC CONDITIONS |Vcc +25 -40 to +85 -5510 +125 |UNITS
Vi (V) Jlo (mA) [ (V) [ MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
High-Level Input Voltage Vin 4.5
MR Only to 2 — 2 — 2 —
5.5
Low-Level Input Voltage Vie 4.5
MR Only to — 0.8 - 0.8 — 0.8
5.5
Output High Voltage Vor Vin
All Outputs or -0.05 |45 4.4 — 4.4 —_— 4.4 —
: Vie
@0, do '/
or -12 |45 | 3.94 — 38 — 3.7 —
(Pins 12, 13) Vi
Q1,Q2, Q3 Vin
or -24 |45 | 3.94 — 38 — 3.7 —
Vi
u { -75 |55 — - 3.85 — — —
-50 |[5.5 — — — — 3.85 —
Q4 thru Q14 Vin
or -8 45  3.94 — 3.8 — 3.7 — v
VIL
Output Low Voltage VoL Vin
All Outputs or 0.05 {45 — 0.1 — 0.1 — 0.1
Vic
®o, do Vi
ar 12 45 — 0.36 — 0.44 - 0.50
(Pins 12, 13) Vi
Q1,Q2, Q3 ViH
or 24 45 — 0.36 — 0.44 — 0.50
Vi
g% { 75 |55 | — - - 165 | — -
50 5.5 — — — — — 1.65
Q4 thru Q14 Vi
or 8 4.5 - 0.36 - 0.44 — 0.50
Vi
Input Leakage Current Iy Vee
or 5.5 — +0.1 — +1 — +1
Gnd MA
Quiescent Supply Current, lec | Vee
MSI or 0 5.5 - 8 — 80 — 160
Gnd
Additional Supply Current Alce . 45
per input Pin, TTL Inputs High Vee-2.1 to — 2.4 - 2.8 — 3 mA
Unit Load 5.5 :

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage
to minimize power dissipation.

* Test verifies a minimum 50-Q transmission-line-drive capability at +85°C, 75 ohms at +125°C.
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CD54/74AC7060, CD54/74AC7061
CD54/74ACT7060, CD54/74ACT7061

PREREQUISITE FOR SWITCHING: AC Series

AMBIENT TEMPERATURE—°C
CHARACTERISTIC Vee -40 to +85 -55to +125 |UNITS
(V) MIN. | MAX. | MIN. | MAX.
1.5 55 — 63 -
Input Pulse Width tw 3.3* 6.1 — 7 —
5t 4.4 — 5 —
1.5 44 — 50 —
Reset Pulse Width tw 33 4.9 - 5.6 — ns
5 3.5 — 4 —
1.5 44 - 50 —
Reset Removal Time trem 33 49 - 5.6 -
5 3.5 — 4 —
15 9.1 - 8 —
Minimum Input Pulse Frequency frax 33 81 — 71 - MHz
5 114 — 100 —
*3.3V: min.is@3 V.
15V: min.is @4.5V.
SWITCHING CHARACTERISTICS: AC Serles, i, = 3 ns, C_ = 50 pF
AMBIENT TEMPERATURE—°C
CHARACTERISTIC Vee -40 to +85 -5510+125 |UNITS
(V) MIN. | MAX. | MIN. | MAX.
Propagation Delays: ten 1.5 — 230 - 254
@l to Q1 tene 3.3* 7.2 25 7 28
5t 5.3 18.5 5.1 20.3
teun 15 — 68 — 75 ns
QntoQn+1 ten 3.3 22 7.6 2.1 8.4
5 1.5 5.5 1.5 6
teLu 1.5 — 262 — 288
MR to Qn tene 3.3 8.3 29.3 8.1 32.2
5 6 21 5.8 23
Power Dissipation Capacitance Cro§ — 114 Typ. 114 Typ. F
Input Capacitance Ci — — | 10 — | 10 P
*3.3V: min.is @36V
max.is @3V
16 V: min.is@5.5V
max.is @45V
§Cro is used to determine the dynamic power consumption, per flip-flop.
Po = CeoVcc®fi+X (CuLVec?fs) where f, = input frequency
fo = output frequency
Cu. = output {oad capacitance
Vce = supply voltage.
PREREQUISITE FOR SWITCHING: ACT Series
AMBIENT TEMPERATURE—°C
CHARACTERISTIC Vee -40 to +85 -55to +125 |UNITS
) MiIN. | MAX. | MIN. | MAX,
Input Pulse Width tw 5" 4.4 — 5 —
Reset Pulse Width tw 5 3.5 — 4 — ns
Reset Removal Time trem 5 4.4 — 5 —
Minimum Input Pulse Frequency fmax 5 114 . 100 — MHz

| *Min. is @4.5 V.
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CD54/74AC7060, CD54/74AC7061
CD54/74ACT7060, CD54/74ACT7061

SWITCHING CHARACTERISTICS: ACT Serles, t,t; = 3 ns, C. = 50 pF

AMBIENT TEMPERATURE—°C
CHARACTERISTIC Vee -40 to +85 -55t0 +125 |UNITS
) MIN. | MAX. | MIN. | MAX.
Propagation Delays: trun .
ol to Q1 tone 5 5.3 18.5 5.1 20.3
- teun .
Qnto Qn +1 tenL 5 15 55 15 6 ns
teLm
MR to Qn tent 5 6.3 22.1 6.1 24.3
Power Dissipation Capacitance Cro§ — 114 Typ. 114 Typ. F
Input Capacitance C — — | 10 — | 10 il
*Min. is @5.5 V
max. is @4.5V

§Cro is used 1o determine the dynamic power consumption, per flip-fiop.
Po = CroVec?fi+E (CLVec?to) +Vec A lcc where f = input frequency
fo = output frequency
C. = output load capacitance
Vee = supply voltage.

-
o
N

Tp=25°C
08C. FREQ. = 1/2.2 RxCy
FOR 1 M0 > Ry > 1k0,

Cy >10pF, 1 <1 MHz

Cy-uF
-
L . 3

-
)
NBED N AOD NAGT N HAG N AAD N AOD N AR

T T T T T T I T

-
9
©

3

s Lol ol vl el NN
10° 2 468 2 468 2 468 2 468 2 468 2 468 2 488 .
10-1 100 10 102 103 104 105 106 92€s-43093

OSCILLATOR FREQUENCY Hz 92C5-43094

Fig. 1 - Frequency on on-board oscillator as a function of Cx and Rx. Fig. 2 - Input pulse pre-requisite times and propagation delays
for both AC and ACT types.

OUTPUT

INPUT LEVEL — =

CL =
OUTPUT T 50 pF
LoaD :__l; i

*FOR AC SERIES ONLY: WHEN
Voo =15V, R = 1kO
92¢s - 42389

92CS-38399R!
Fig. 3 - Master Reset pre-requisite and propagation delays.

N CD54/74AC |CD54/74ACT
MR Input Level Vee 3V
Input Switching Voltage, Vs 0.5 Vee 1.5V
Output Switching Voltage, Vs | 0.5 Vec 0.5 Vee

334




Technical Data

Product Preview

CD54/74AC7201, CD54/74AC7202

CD54/74ACT7201, CD54/74ACT7202

R} Reap

WRITE W)

9
‘

FULL FLAG (FR
RESET (RS)

(EF) EMPTY FLAG
EEE—

(RT) RETRANSMIT

EXPANSION m(ﬁ’-t- 92cs-42619

' FUNCTIONAL DIAGRAM Type Features:

wsmaey  Parallel FIFO
- CD54/74AC/ACT7201 - 512 x 9 Bit
CD54/74AC/ACT7202 - 1024 x 9 Bit

m Asynchronous and simultaneous read/writes in
multiprocessing and rate-buffer applications
m Fully expandable by both word depth and/or

bit width

The RCA CD54/74AC7201 and CD54/74AC7202 and the
CD54/74ACT7201 and CD54/74ACT7202 dual-port memo-
ries use the RCA ADVANCED CMOS technology. Data are
loaded and emptied on a first-in, first-out (FIFO) basis. Full
and empty flags are used to prevent data overflow and
underflow, and expansion logic is provided for uniimited
expansion capability in both word size and depth.

The reads and writes are internally sequential through the
use of ring pointers; no address information is required to
load and unload data. Data are toggled in and out of the
device through the use of Write (W) and Read (R) control
pins. -

The 9-bit wide data array allows control and parity bits to be
used at the user's option. This device also features a
Retransmit (RT) capability that allows for reset of the read
pointer to its initial position when RT is pulsed LOW to
allow for transmission from the beginning of data.

Family Features:

m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015

® SCR-Latch-up-resistant CMOS process and circuit design

® Balanced propagation delays

m AC type features 1.5-V to 5.5-V operation and balanced
noise immunity at 30% of the supply

®» + 8 mA output drive current

w1 7 el
oe — 2 27— D4
03 — 3 26— DS
D2~ 4 25— D6
ot —5 24— p7
bDo—6 23 p— FL/AT
X1 —7 22— RS
FF—s8 21 | FF
Q0 — 9 20— Xo/AF
Q1 — 10 19——a7
Q22— 1 18 [—— Q6
Q3 ——12 17— as
Q8 —13 16— Q4
GND— 14 15| R

92CS-42620R1

TERMINAL ASSIGNMENT

TRUTH TABLE
RESET AND RETRANSMIT —
SINGLE-DEVICE CONFIGURATION/WIDTH-EXPANSION MODE
MODE INPUTS _INTERNAL STATUS OUTPUTS
RS | RT Xi_| READ POINTER | WRITE POINTER | EF FF
Reset 0 X 0 Location Zero Location Zero 0 1
Retransmit 1 0 0 Location Zero Unchanged X X
Read/Write 1 1 0 increment* Increment* X X

*Pointer will increment if flag is HIGH.

File Number 1983
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CD54/74AC7623
CD54/74ACT7623

Advance Information

LA Octal-Bus Transceiver, 3-State (B Side),
PR Open-Drain (A Side), Non-Inverting |

A0 —>—<—2 —»—< BO
A1
A2-H—4
A3 >3 1Sy « B3
A4 —H—s— i»—a— B4
AS —H—’ 1—3—>-<- 8BS
A6 8 N2, . 86 Type Features:
a7 9| 1" 87 » Buf{ered inputs )
T = Typical propagation delay:
] © 52ns@ Vec =5V, Ta=25°C, CL = 50 pF
OEpa 92€5-42585 Bt . .
FUNCTIONAL DIAGRAM

The RCA CD54/74AC7623 and CD54/74ACT7623 octal-bus
transceivers use the RCA ADVANCED CMOS technology.
They are non-inverting, 3-state, bidirectional transceiver-
buffers that allow for two-way transmission from “A” bus to
“B" bus or “B” bus to “A” bus, depending on the logic levels
of the Output Enable (OExs, OEea) inputs.

These devices are modified versions of the CD54/74AC/
ACT623. They differ in that the 3-state outputs are on the B
side only; the A side outputs are open drain. Another differ-
ence is that the A data inputs are TTL inputs for both the
AC and ACT types, and therefore the supply-voltage and
bus-voltage ranges are limited to 4.5V to 5.5 V.

The CD74AC7623 and CD74ACT7623 are supplied in 20-
lead dual-in-line plastic packages (E suffix) and in 20-lead
dual-in-line small-outline plastic packages (M suffix). Both
package types are operable over the following temperature
ranges: Commercial (0 to 70°C); Industrial (-40 to +85°C);
and Extended Industrial/Military (-55 to +125°C).

The CD54AC7623 and CD54ACT7623, available in chip form
(H suffix), are operable over the -55 to +125°C temperature
range.

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
m SCR-Latch-up-resistant CMOS process and circuit des;gn
u Speed of bipolar FAST*/AS/S with significantly -
reduced power consumption
= Balanced propagation delays
s AC type features balanced noise immunity at 30% of
the supply on the B data inputs and Output Enable
inputs
m + 24-mA output drlve current
- Fanout to 15 FAST" ICs
- Drives 50-ohm transmission lines

. *FAST is a Registered Trademark of Fairchild Semiconductor Corp.

TRUTH TABLE
O.EPUT ENABLE INPUTS OPERATION
OEsa OEan

L L B DATA TO (OPEN DRAIN) A BUS
H H A DATA (TTL) TO (3-STATE) B BUS
H L ISOLATION

" '| BDATA TO (OPEN DRA!N) A BUS,
L H A DATA (TTL) TO (3-STATE) B BUS

H = High level, L = Low Ievel

To prevent excess currents in the High-Z (isolation) modes, alt /O terminals
should be terminated with 10kQ to 1MQ fescstors

File Number 1969




Technical Data
CD54/74AC7623
CD54/74ACT7623

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VCC) -+t -t etennee ettt et e e e -05to6V
DC INPUT DIODE CURRENT, lik (for Vi <-0.5V orVi>Vee + 0.5V) ..ot +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo <-0.5V 0r Vo > Ve + 0.5 V) o ouveenee i e +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo > -0.5 V or Vo < Vec + 0.5 V) e +50 mA
DC Vec 0of GROUND CURRENT (Ioc OF IGND) -+« + vt ettt ettt e ettt e e et e e e e 1100 mA*
POWER DISSIPATION PER PACKAGE (Pp):

For Ta=-5510 +100°C (PACKAGE TYPE E) ...ttt et e 500 mW

For Ta = +100 to +125°C (PACKAGE TYPE E) Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 470°C (PACKAGE TYPE M) . ....uuiuniinniie et e e e e e 400 mW

For Ta = +70 to +125°C (PACKAGE TYPE M) Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta) ..vuutetitt ettt e e e e e e e e -55to +125°C
STORAGE TEMPERATURE (Tatg) « -+ <« vt etieettee ettt et et e e e e e -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32 in. (1.59 £ 0.79 mm) from case for 10 S Maximum ..................oo.iieiiuneoii. +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

“For up to 4 outputs per device; add + 25 mA for each additional output.

RECOMMENDED OPERATING CONDITIONS: )
For maximum reliability, normal operating conditions should be selected so that operation is always within t
following ranges:

) LIMITS
R STIC. NIT!
) CHARACTERI S MIN MAX. UNITS
Supply-Voltage Range, Vcc™: ’
(For Ta = Full Package-Temperature Range)
AC Types 45 55 \"
ACT Types . 45 55 TV
DC Input or Output Voltage, V), Vo 0 Vee \'
Operating Temperature, Ta - -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at4.5'V to 5.5 V (AC Types Except B Inputs) 0 20 ns/V
at 4.5V to 5.5 V (ACT Types and B Inputs) 0 10 ns/\V

“Unless otherwise specified, all voltages are referenced to ground.

1
OEag — ~—Vvce
2 19 —
A0 — _!8 OEpga
Y v
A2 LAY
16
A3 — 82
1
a4 = =83
7 14
a5 — — B4
13
as = s
a7 _z' '—‘2- 86
1
GND— ! g7
92CS~ 42586
TERMINAL ASSIGNMENT
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STATIC ELECTRICAL CHARACTERISTICS: AC Series (Modified)

AMBIENT TEMPERATURE (T,) -°C

TEST CONDITIONS
CHARACTERISTICS Vee *25 -40to +85 55104125 | yniTs
V)
v, o |
MIN. | MAX. IN. | MAX. | MIN. AX.
v (mA) M MAX
High-Level Input
Voltage & \™ 5.5 3.85 — 3.85 -_— 3.85 — A
Low-Level Input
Voitage ® Vi 55 - 1.65 — 1.65 — 1.65 v
High-Level Output Vin -0.05 45 4.4 — 44 — 44 —
Voltage Vou or - _ _ _
(B Side) Vi 24 45 | 394 38 3.7 v
i l -75 55 | — — | 38 | — — -
' -50 55 — — — — 3.85 —
Low-Level Output Vin 0.05 45 - 0.1 - 0.1 — 0.1
Voltage Voo or
Vi 24 4.5 — 0.36 — 0.44 — 05 v
. 75 55 | — — — | 165 | — —
50 5.5 — - — — — 1.65
Input Leakage Vee
Current h or 55 — +0.1 — +1 - - MA
GND
3-State or Off-State Vin
Leakage or
Current loz \'
Vo= 55 - +05 —_ 5 — | %10 pA
Vee . ‘
or
GND
Quiescent Supply Vee
Current, MSI Icc or 0 55 - 8 — .| 80 - 160 uA
GND

' #Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voltage to minimize

power dissipation.

*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.
®For “A” side Vs and V., refer to ACT limits.
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STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS
CHARACTERISTICS Voo *25 4010485 5101125 | ynirs
v, 0 V) M
IN. | MAX. [ MIN. [ MAX. | MIN. | MAX.
v) (mA) Ax
High-Level Input 45
Voltage Vi to 2 — . 2 — 2 — v
55
Low-Level Input 45
Voltage Vi to — 0.8 — 0.8 — 0.8 "
5.5 '
High-Level Output Y,','»' . -0.05 45 44 — 44 — 44 —
Voltage Vou . _ _ _
(B Side) Vi 24 45 3.94 38 | 37 v
- ‘ -75 55 — — 3.85 — — —
-50 5.5 — — — — - | 385 —
Low-Level Output Y)I? 0.05 45 —_ 0.1 - 0.1 — 0.1
Voltage Voo I o1 24 |45 ] — Josw [ — Joa | — T 05 |
4 * l 75 55 — — — 1.65 — —
50 5.5 — — — — — 1.65
Input Leakage i Vee
Current I or 55 — +0.1 — +1 — +1 uA
GND
3-State or Off-State Vin
Leakage Current loz or
Vi
Vo= 55 — 105 — +5 — +10 7.3
Vee
or
GND
Quiescent Supply Vec
Current, MSI lec or 0 5.5 — 8 — 80 - 160 HA
GND
Additional Supply Current 45
per Input Pin ) _ _ _
TTL Inputs High Aloe Vee-2.1 to 24 2.8 3 mA
1 Unit Load 55

#Test one output at a time for a 1-second maximum duration. Measurement is made by forcing current and measuring voitage to minimize
power dissipation.
*Test verifies a minimum 50-ohm transmission-line-drive capability at +85°C, 75 ohms at +125°C.

ACT INPUT LOADING TABLE
INPUT UNIT LOAD*
An, Bn 0.83
OEza 0.64
OEas 0.15

“Unit load is Alcc limit specified in Static
Characteristics Chart, e.g., 2.4 mA max. @ 25°C.
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SWITCHING CHARACTERISTICS: AC Series; t, t, = 3 ns, C, = 50 pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL &‘f -40 to +85 -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: t
A Data to B Bus : t:;'z 5 238 9.9 2.7 10.9 ns
B Data to A Bus ez 5 25 8.7 24 9.6 ns
teLz 5 3.5 12.2 3.4 134 ns
Output Enable or tezL
Disable to Output trz
3-State (B Side) o 5 35 12.2 3.4 13.4 ns
terz
Off-State Enabling, tezL
Disabling Times (A Side) truz 5 35 122 34 134 ns
Power Dissipation Capacitance Cro8 — 117 Typ. 117 Typ. pF
Min. (Valley) Vown (B Side) Vonv
During Switching of Other Outputs See 5 4 Typ. @ 25°C \
(Output Under Test Not Switching) Fig. 1
Max. (Peak) VoL Vore
During Switching of Other Outputs See 5 1Typ. @ 25°C Vv
(Output Under Test Not Switching) Fig. 1
Input Capacitance C — - 10 - 10 pF
3-State Output Capacitance (B Side) Co — - 15 - 15 pF
Off-State Output Capacitance (A Side) Co — - 15 — 15 pF

SWITCHING CHARACTERISTICS: ACT Series; t,, t, = 3 ns, C,_ = 50 pF

v AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL (“,’)° -40 to +85 ) -55 to +125 UNITS
MIN. MAX. MIN. MAX.
Propagation Delays: 4
A Data to B Bus t:”: 5 28 9.9 27 10.9 ns
'H
B Data to A Bus ez 5 .28 9.9 27 109 ns
tez 5 3.8 134 3.7 14.7 ns
Output Enable or tezn
Disable to Output trz
3-State (B Side) ‘ towz 5 38 134 87 47 ns
tenz
Off-State Enabling, tez
Disabling Times (A Side) tiz 5 38 134 3.7 147 ns
Power Dissipation Capacitance Ceo§ — 117 Typ. 117 Typ. pF
Min. (Valley) Vou (B Side) Vonv
During Switching of Other Outputs See 5 4 Typ. @ 25°C \"
(Output Under Test Not Switching) Fig. 1 )
Max. (Peak) Vo Voup
During Switching of Other Outputs See 5 1Typ. @ 25°C \
(Output Under Test Not Switching) Fig. 1 )
Input Capacitance Ci — — 10 — 10 pF
3-State Output Capacitance (B Side) Co — —_ 15 — 15 pF
Off-State Output Capacitance (A Side) Co - —_ 15 — 15 pF

*5V: min.is@5.5V  §Cero is used to determine the dynamic power consumption, per channel.
max.is @45V  For AC series: Pp = Vcc® i (Ceo + Cu)
For ACT series: Po = Ve fi (Cro + CL) + Vec A Icc where f, = input frequency
C. = output load capacitance
Vee = supply voitage.
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PARAMETER MEASUREMENT INFORMATION

tr = 3ns
r=3ns INPUT LEVEL
---------------- 90 %
R | I — "

_——l——-— voo U= AN 10 %

OTHER GND

OUTPUTS
______ - —— VoL
OUTPUT: LOW - Vs

toorFToow| L | __ __02Vge
‘__\/\_ VoH VoL (£GND)
ouTeuT = = = VoW tPZH

UNDER Vou (#Vcc)

OQUTPUT: HIGH RO~~~ -~~~ —~777
T e mmmm vop TO OFF TO HIGH -—— vs
_—/\f—" - T T T T T Vo (NOT ON A SIDE) L
OUTPUTS OUTPUTS OUTPUTS
NOTES: ENABLED i DISABLED ENABLED
1. VoHy AND Vo p ARE MEASURED WITH RESPECT TO A GROUND o—Q GND (1PHZ. tpzH)

REFERENCE NEAR THE QUTPUT UNDER TEST.

©—O OPEN (tpHL. t
2.-INPUT PULSES HAVE THE FOLLOWING CHARACTERISTICS: (tPHL. tPLH)

PRAR < 1 MHz, 1, = 3 ns, t = 3 ns, SKEW 1 ns. OTHER ~ 2Vce (tpLz. tezi).
3. R.F. FIXTURE WITH 700-MHz DESIGN RULES REQUIRED. INPUTS puT 5%0 Q (OPEN DRAIN)
IC SHOULD BE SOLDERED INTO TEST BOARD AND BYPASSED (TIED HIGH | O——{ WITH L
WITH 0.1 4 CAPACITOR. SCOPE AND PROBES REQUIRE OR LOW) l o 3-STATE out
700-MHz BANDWIDTH. ouTPUT
500 °
92C5-42406 OuUTPUT
DISABLE

= 92CM- 42609
“FOR AC SERIES ONLY: WHEN Vcc = 1.5V, RL = 1 kQ

Fig. 1 - Simultaneous switching transient waveforms. Fig. 2 - Three-state propagation delay times and test circuit.

1, =3ns tg=3ns
OUTPUT
———————— — — 90%
An — —15V
DuT e —
oo}y 258
OUTPUT T 50 pF _
Loan ' L*°P
. tPHL
FOR AC SERIES ONLY: WHEN
Ve =1.5V,RL = 1k - — vg
92Cs -42389
92Cs - 42608

Fig. 3 - Propagation delay times and test circuit (A Data to B Bus).

2vee
OTHER O fr=3ns je- Y4°3n iNpyT LEVEL
INPUTS | o— but s ———— )
(TIED HIGH | O— g‘g: n ———— e g
OR LOW) " out J -
O— DRAIN e
OUTPUT OUTPUT: OFF ~ GND
OUTPUT TO LOW TO OFF
DISABLE O 0.2vge

*FOR AC SERIES ONLY: WHEN Vge = 1.5V, R = 1k

OUTPUTS OUTPUTS OUTPUTS
DISABLED ENABLED DISABLED
92CS-42610 92¢S- 42607

Fig. 4 - Open-drain propagation delay times and test circuit (B Data to A Qutputs).

CD54/74AC (CD54/74ACT
Input Level Vee 3V
Input Switching Voltage, Vs 0.5 Vec 1.5V
Output Switching Voltage, Vs 0.5 Vee 0.5 Vee
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A0 : —»—32 80
Al —4’_6 Tﬂ»——ﬁ‘
A A2—er—2] 782
A3 —ae>—1 |-—<0— B3
%;? A4—4>—g :—:0»— B4 DATA
A5—<-O1—° 1—4»— BS
a8 T EEDG
A7 —e»—B7
Okgy 21
OEpg —3
FLIP-FLOP [CcAB CLOCK 1
&'—&CKS CBA CLOCK
sslhsp%'[#gu PIN 12 = GND
92CS- 42677
FUNCTIONAL DIAGRAM

The RCA CD54ACT7651 and CD74ACT7651 inverting, 3-
state, octal-bus transceivers/registers use the RCA
ADVANCED CMOS technology. These devices consist of
bus transceiver circuits, D-type flip-flops, and control circuit-
ry arranged for multiplexed transmission of data directly
from the data bus or from the internal storage registers.
Output Enables OEas ahd OEga are provided to control the
transceiver functions. SAB and SBA control pins are pro-
vided to select whether real-time or stored data is trans-
ferred. The circuitry used for select control will eliminate the
typical decoding glitch that occurs in a multiplexer during
the transition between stored and real-time data. A LOW
input level selects real-time data, and a HIGH selects stored
data. The following examples demonstrate the four funda-
mental bus-management functions that can be performed
with the octal-bus transceivers and registers.

Data on the A or B data bus, or both, can be stored in the
internal D flip-flops by low-to-high transitions at the ap-
propriate clock pins (CAB or CBA) regardless of the select
or enable controt pins. When SAB and SBA are in the real-
time transfer mode, it is also possible to store data without
using the internal_D-type flip-flops by simultaneously ena-
bling OEae and OEsa. In this configuration, each output
reinforces its input. Thus, when all other data sources to the
two sets of bus lines are at high impedance, each set of bus
lines will remain at its last state.

The CD74ACT7651 is supplied in 24-lead dual-in-line
narrow-body -plastic packages (EN suffix) and in 24-lead
dual-in-line small-outline plastic packages (M suffix). Both
package types are operable over the following temperature
ranges: Commercial (0 to 70°C) and Extended Industrial/
Military (-55 to +125°C).

The CD54ACT7651, available in chip form (H suffix), is
operable over the -55 to +125° C temperature range.
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Advance Information

Octal-Bus Transceiver/Register,
3-State, Inverting

Type Features:

w Buffered inputs

w B Side drive is equivalent to the ALS651 type
(see application, Fig. 6)

Family Features:
m Exceeds 2-kV ESD Protection - MIL-STD-883,
Method 3015
m SCR-Latch-up-resistant CMOS process and circuit design
m Speed exceeding bipolar ALSTTL with significantly
reduced power consumption

CABj [ 24— Vce
sAB 2 23— cea
O0Epg—1 3 22— SBA
AO— 4 21 '—O_CEA
ar—{s 20— B8O
A2— 6 19 — 81
AZ— 7 18 — 82
A4 —1 8 17+ 83
as — 9 16}— B84
A6 —10 15— B5
a7 — 1 14— B6
GND— 12 13 B?

92(5-42678

TERMINAL ASSIGNMENT

File Number 2196




. Technical Data

CD54/74ACT7651

FUNCTION TABLE

__INPUTS DATA /O OPERATION OR FUNCTION
OE.s OEps| CAB  CBA |SAB SBA [ A0 THRU A7 | BO THRU B7
L H jHort HorL| X° X Input Input Isolation *
L H |/ _/~] X X Store A and B Data
X H | -/~ HorL| X X Input Unspecifiedt Store A, Hold B
. H H _/~ _/ | xt X Input Output Store A in both registers
L X |HorL _/— | X X { Unspecifiedt Input Hold A, Store B
L L |/ _/~{ x xt Output Input Store B in both registers
L L X X X L Real-Time B Data to A Bus
L L | x HorLt| x H Output nput Stored B Data to A Bus
H H X X L X Input Output Real-Time ‘A Data to B Bus
H H JHorL X H X Stored A Data to B Bus
Stored A Data to B Bus and
H L |HorL HorL| H H Output Output Stored B Data to A bus

* To prevent excess currents in the High-Z (isolation) modes, all I/O terminals shouid be terminated with 10kQ) to 1MQ resistors.

T The data output functions may be enabled or disabled by various signals at the OEag or OEsn inputs. Data input functions are always
enabled, i.e., data at the bus pins will be stored on every. low-to-high transition on the clock inputs. ‘

1 Select control = L: clocks can occur simultaneously.
Select control = H: clocks must be staggered in order to load both registers.

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (VGC) -t tttttttnt ettt ettt ettt e e e e e e e e -05to6V
DC INPUT DIODE CURRENT, Ik (for Vi<-0.5V orVi>Vec +05V) vt e +20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo < -0.5V or Vo >Vec + 0.5 V) o vuieiiee e +50 mA
DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo >-05V or Vo <Vec +05V) .............. +50 mA
DC Ve or GROUND CURRENT (l6c OF IGND) « -+« -t ettt ettt e ettt e e e e e et e e e e e +100 mA*
POWER DISSIPATION PER PACKAGE (Pp):
For Ta=-5510 +100°C (PACKAGE TYPE EN) ..ottt et et e e e e e 500 mW
For Ta =+100t0 +125°C (PACKAGE TYPEEN) .......ooivuiuinnninannnnan. Derate Linearly at 8 mW/°C to 300 mW.
For Ta = -5510 +70°C (PACKAGE TYPEM) ...ttt ettt et et e, 400 mW
For Ta=+701t0 +125°C (PACKAGE TYPEM) ...ttt Derate Linearly at 6 mW/°C to 70 mW
OPERATING-TEMPERATURE RANGE (TA) - cuttttttttetete ettt e e et et e -55to +125°C
STORAGE TEMPERATURE (Tstg) ¢+ vvvveeeeieaneiiiiannnns e e e e -65 to +150°C

LEAD TEMPERATURE (DURING SOLDERING):
Atdistance 1/16 £ 1/32 in. (1.59 + 0.79 mm) from case for 10 S MaximumM ............uenreeinerarnnnnnnnnnn.
Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tips only

“For up to 4 outputs per device; add + 25 mA for each additional output. :

RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, normal operating conditions should be selected so that operation is always within the
following ranges:

LIMITS
CHARACTERISTICS ‘ MIN. MAX. UNITS
Supply-Voltage Range, Vcc* :

(For Ta = Full Package-Temperature Range) 45 55 \)
DC Input or Output Voltage, Vi, Vo o} Vee Vv
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv 0 10 ns/V

“Unless otherwise specified, all voltages are referenced to ground.
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STATIC ELECTRICAL CHARACTERISTICS: ACT Series

AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS '
CHARACTERISTICS Ve +25 0to+70 55104125 | ynirs
V) .
v, o | ¢
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
v) (mA)
High-Level Input 45
Voltage Vin to 2 — 2 — 2 — \
55
Low-Level Input 45
Voltage Vi 10 . 0.8 — 08 — 0.8 v
: 5.5 N
High-Level Output Von Vim -0.05 4.5 4.4 — 4.4 — 44 —
Voltage SideA | or 6 45 | 34. | — | 32 | — | 3 — v
SideB | Vu -12 45 | 34 — | 32 — 3 —
Low-Level Output VoL Vin 0.05 45 — 0.1 — | o1 — 01
Voltage - Side A | or 12 45 | — | 036 | — | 044 | — 05 v
Side B Vi 24 45 — 0.36 — 0.44 — 0.5 —
Input Leakage Vee -
Current l or 55 — +0.1 — +1 — +1 uA
GND
3-State Vin
Leakage Current loz or
Vi .
Vo= 55 — +0.5 — +5 —_ +10 HA
Vee
or
GND
Quiescent Supply Vee
Current, MSI lec or 0 5.5 — 8 — 80 — 160 LA
GND -
Additional Supply Current 45 )
per Input Pin : g ) _ 24 _ 28 _ ‘3 “mA
TTL Inputs High Ale | Vo2 % : :
1 Unit Load )

ACT INPUT LOADING TABLE

INPUT UNIT LOAD*
CAB, CBA 1.25
SAB, SBA 1.2

OEass : 0.67
OEsa 1.17
An, Bn 0.4

*Unit load is Alcc limit specified in Static_
Characteristics Chart, e.g., 2.4 mA max. @ 25°C.
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PREREQUISITE FOR SWITCHING: ACT Series

v AMBIENT TEMPERATURE (Ta) - °C
CHARACTERISTICS SYMBOL (‘7;’ 0to +70 -55 to +125 UNITS
MIN. MAX. | ~ MIN. MAX.

Maximum Frequency fmax 5" 125 — — MHz
Setup Time . . _

Data to Clock tsu 5 - ns
Hold Time

Data to Clock t 5 2 - - ns
Clock Pulse |

Width tw 5 39 — — ns

*5V:min.is@4.5V

SWITCHING CHARACTERISTICS: ACT Series; t, t: = 3 ns, C. = 50 pF

AMBIENT TEMPERATURE (T,) - °C
CHARACTERISTICS SYMBOL ‘{3; 010 +70 -55 to +125 UNITS
. MIN. MAX. MIN. MAX.
Propagation Delays: t 42 126
Stored A Data to B Bus b 5 ns
teun 54 16.1
Stored B Data to A Bus tov 5 45 135 ns
L) 7.6 22.7
A Data to B Bus ter 5 38 1.4 ns
teLn 4.8 143
B Data to A Bus ter 5 .8 14 ns
- teLn 6.8 20.3
trHL 4.2 125 n
- S
Select to B Bus ton 5 53 158
t
Select to A Bus o 5 43 128 ns
tein 73 21 ‘9’
3-State Enabling Time BB . tean 5.1 15.3
US T ten 5 38 11.4
-Bus to Output or ABus |__tr 79 236 ns
Register to Output . toz 29 1347 ]
3-State Enabling Time 8 Bus teuz . »3.8 113
trz 5 4.4 13.2 n
Bus to Output or tenz 11.7 35% S
Register to Output ABus toz 3.7 1
Power Dissipation Capacitance Cro§ — 150 Typ. ) pF
Min. (Valley) Von - " Vonv
During Switching of Other Outputs See - 5 4 Typ. @ 25°C v
(Output Under Test Not Switching) Fig. 2
Max. (Peak) VoL - Vo
During Switching of Other Outputs See 5 : 1Typ @ 25°C \'
(Output Under Test Not Switching) Fig. 2
Input Capacitance Ci — — 10 — 10 pF
3-State Output Capacitance Co = — 15 — 15 pF
*5V:min.is@55V §Cep is used to determine the dynamic power consumption, per package.
max.is@4.5V Po = Vec? Cro fi + = Voc?Cifo +VecAlee where  fi = input frequency

fo = output frequency
C. = output load capacitance
Vce = supply voltage.

1 tez is measured at a fixed 3.0 V as shown in Fig. 1b. Vox can range up to 4.0 V. The 35-ns maximum limit accounts for a
fairly large variation due to the test method. In applications, tenz is typically 15 ns.
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tr=3ns

INPUT LEVEL
D Y Shbrrerrepmpep W sy 90 %
outPut 1/ N\ ____
DISABLE | f 7T T T T T T T T T T T TR[TT T T T T T T T e Vs
----------------------------- 10%
GND
*OUTPUT: LOW —-- Vs
TO OFF TO LOW __.02V
€CyoL (£GND)

OUTPUT: HIGH == 08Vce
TO OFF TO HIGH -~~~ Vg

oUTPUTS OUTPUTS I_ ouTeUTS

ENABLED i DISABLED ™" ENABLED

o—Q GND (tpHZ. tpzH)

©—0 OPEN (tpHL, IpLH)
2Vce (tPLz. tPZL),

so:‘pLo' (OPEN DRAIN)

orhern (O]
INPUTS | O—  pyt

(TIEDHIGH | O—  wiTH
OR LOW) l o 3-STATE our
OuTPUT
5000°
OUTPUT R
oisasLe O
= 92CM-42405

*FOR AC SERIES ONLY: WHEN VcC = 1.5V, R = 1 kQ)

(a)
Applicable to: B Bus - tpz, tenz, tez, trzn

tr=3ns
INPUT LEVEL
—————————————————— 90 %
outeut -/ N | vs
DISABLE
_______________ 10 %
GND
+OUTPUT: LOW B

TO OFF TO LOW

OUTPUT: HIGH
TO OFF TO HIGH

OUTPUTS OUTPUTS QUTPUTS
" ENABLED DISABLED ENABLED
O—O OPEN (tpHL, 1pLH, I1PHZ, 'PZH)
OTHER 2vcc (tpLz, L),

INPUTS O—1 our
(TIEDHIGH | O—— WITH

oniow { o g3tmie

5‘:‘0 a (OPEN DRAIN)
L
out
500Q°
RL

ouTPUT fe
DISABLE

= V 92CM-42405
*FOR AC SERIES ONLY: WHEN VcC = 1.5V, R = 1kQ2

(b)
Applicable to: A Bus - teiz, terz, tezt, tezn

Fig. 1 - Three-state propagation delay times and test circuit.
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iINPUT
DATA

DATA A(B) V!
GND

s(a) VO
——vs
NOTES: h
1. VOHY AND Voup ARE wITH TOA ;
REFERENCE NEAR THE OUTPUT UNDER TEST. 'PHL <« 'PLH
2. INPUT PULSES HAVE THE FOLLOWING CHARACTERISTICS:
PARR < 1 MHZ. 1, = 3 ne, 1 = 3 ns, SKEW 1 ns.
3. R.F. FIXTURE WITH 700-MHz DESIGN AULES REQUIRED. . . .
1C SHOULO BE SOLDERED INTO TEST BOARD AND BYPASSED Fig. 3 - Propagation delay times.
WITH 0.1 ,F CAPACITOR. SCOPE AND PROBES REQUIRE
T700-MHz BANDWIOTH.
92C5-424086
Fig. 2 - Simultaneous switching transient waveforms.
QuUTPUT
INPUT
LEVEL
DATA A(B) vg A Vg
e OUTPUT T S8 pr =
50 pF
tsy (LY LOAD l ®
CAB (CBA) *FOR AC SERIES ONLY: WHEN
Vee =15V, AL =1k
92CS - 38405R!t 92¢s - 42389
Fig. 4 - Data setup and hold times. Fig. 5 - Test circuit.
CD54/74ACT
Input Level 3V
Input Switching Voltage, Vs 15V
Output Switching Voltage, Vs 0.5 Ve
SIDE A (COMPUTER INTERFACE) SIDE B {(BUS INTERFACE)
vee vce
"0 2700
LIN ACT7651 5 BUS D
BITS 007 ] N . i l l
I : QR ——~— cL 4700
|0 71
COMPUTER = <+ +
OR ! ! T—
PROCESSOR ! | CARDS
: | i vee
|
BITS (N-7) ! : e
-T)to N
s L8 ACT7681 2 aus 8
Iy c.,J' _____ ]. L a700
I 1 %
e~

92CS-43155

Fig. 6 - CD54/74ACT7651 computer/bus interface —
typical application.
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Military and Aerospace
CD54AC/ACT Slash-Series ICs

" Note: Refer to GE Solid State High-Rellabllity
Products Data Book (SSD-230C, Volume 1)
for more detailed information.
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Military and Aerospace ICs

RCA AC/ACT Slash Series

CMOS-Compatible Logic | TTL-Compatible Logic
Description Pins
CERDIP CERDIP
CD54ACO0F/3A CD54ACTOOF73A Quad 2-Input NAND Gate 14
CD54ACO02F/3A CD54ACTO2F/3A Quad 2-Input NOR Gate 14
CD54AC04F/3A CD54ACTO4F/3A Hex Inverter/Buffer 14
- CDS4ACOS5F/3A CD54ACTOSF/3A Hex Inverter/Buffer with Open-Drain

) Outputs 14
CD54ACO8F/3A CD54ACTO8F/3A Quad 2-Input AND Gate 14
CDS54AC10F/3A CD54ACT10F/3A Triple 3-Input NAND Gate 14
*CD54AC14F/3A *CDS4ACT14F/3A Hex Inverting Schmitt Trigger 14
CD54AC20F/3A CD54ACT20F/3A Dual 4-input NAND Gate 14
CD54AC32F/3A CDS54ACT32F/3A Quad 2-Input OR Gate 14
CD54ACT74F/3A CD54ACT74F/3A Dual D Flip-Flop w/Set and Reset 14
CD54ACB86F/3A CD54ACT86F/3A Quad 2-input Exclusive-OR Gate 14
CDS54AC109F/3A CD54ACT109F/3A Dual J-K Flip-Flop w/Set and Reset | 16

CD54AC112F/3A CD54ACT112F/3A Dual J-K Flip-Flop w/Set and Reset

CD54AC138F/3A CD54ACT138F/3A 3-to-8-Line Decoder/Demuiltiplexer,
Inverting 16

CDS54AC139F/3A CD54ACT139F/3A Dual 2-to-4 Line Deceder/

’ S ' Demultiptexer ‘16
CDS54AC151F/3A CD54ACT151F/3A 8-Input Multiplexer 16
CDS4AC153F/3A CDS4ACT153F/3A Dual 4-input Muitiplexer 16
CD54AC157F/3A CDS54ACT157F/3A Quad 2-Input Multiplexer 16
CDS54AC158F/3A CD54ACT158F/3A Quad 2-input Multiplexer, Inverting | 16
CD54AC161F/3A CD54ACT161F/3A Synchronous 4-Bit Binary Counter,

) Asynchronous Reset 16
CD54AC163F/3A CD54ACT163F/3A Synchronous 4-Bit Binary Counter,
e, e ‘ Synchronous Reset 16
CDS54AC164F/3A° CDS54ACT164F/3A | 8-Bit Serial-In Parallel-Out Shlft
o : . ] Register 14
CDS54AC174F/3A CD54ACT174F/3A Hex D-Type Fllp-Flop w/Reset 16
CD54AC175F/3A CD54ACT175F/3A Quad D-Type Flip-Flop w/Reset 16
CD54AC191F/3A CD54ACT191F/3A Synchronous 4-Bit Binary Up/Down
B Counter 16
CDS54AC193F/3A CDS54ACT193F/3A Synchronous 4-Bit Binary Up/Dow
Counter 16
CDS54AC238F/3A CD54ACT238F/3A 3-to-8-Line Decoder/Demultiplexer | 16
CDS4AC240F/3A CDS54ACT240F/3A Octal Buffer/Line Driver, 3-State,
Inverting 20
CD54AC241F/3A CD54ACT241F/3A Octal-Buffer/Line Driver, 3-State 20
CD54AC244F/3A CD54ACT244F/3A Octal-Buffer/Line Driver, 3-State 20
CDS4AC245F/3A CDS4ACT245F/3A Octal-Bus Transceiver, 3-State 20
CD54AC251F/3A CD54ACT251F/3A 8-Input Multiplexer, 3-State 16
CD54AC253F/3A CD54ACT253F/3A Dual 4-Input Multiplexer, 3-State 16
CD54AC257F/3A CDS54ACT257F/3A Quad 2-Input Multiplexer, 3-State 16
CD54AC258F/3A CD54ACT258F/3A Quad 2-Input Multiplexer, 3-State 16
CDS54AC273F/3A CDS54ACT273F/3A Octal D-Type Flip-Flop w/Reset 20
CD54AC280F/3A CD54ACT280F/3A 9-Bit Odd/Even Parity
Generator/Checker 14
CD54AC283F/3A CD54ACT283F/3A 4-Bit Full Adder w/Fast Carry 16
CDS54AC299F/3A CD54ACT299F/3A 8-Bit Universal Shift Register,
3-State 20
CDS4AC323F/3A CD54ACT323F/3A | 8-Bit Universal Shift Register,
3-State (with Synchronous Reset) 20
CD54AC373F/3A CDS54ACT373F/3A Octal Transparent Latch, 3-State 20
CDS54AC374F/3A CDS54ACT374F/3A Octal D Flip-Flop, 3-State 20
CD54ACS533F/3A CD54ACT533F/3A Octal Transparent Latch, 3-State
Inverting 20
CDS54ACS534F/3A CD54ACTS534F/3A Octal D Flip-Flop, 3-State, Inverting| 20

*Future availability is under consideration. Contact your local GE Solid State Sales Office for availability status.

350




Military and Aerospace ICs

RCA AC/ACT Slash Series (Cont’d)

CMOS-Compatible Logic | TTL-Compatible Logic
Description Pins
CERDIP CERDIP
CD54AC540F/3A CD54ACT540F/3A Octal Buffer/Line Driver, 3-State
Inverting 20
CD54AC541F/3A CD54ACT541F/3A Octal Buffer/Line Driver, 3-State 20
CDS54AC563F/3A CD54ACT563F/3A Octal Inverting Transparent Latch,
3-State 20
CD54AC564F/3A CD54ACT564F/3A Octal D-Type Flip-Fiop, 3-State
Inverting 20
CD54AC573F/3A- CD54ACT573F/3A Octat Transparent Latch, 3-State 20
CD54AC574F/3A CD54ACT574F/3A Octal D-Type Flip-Flop, 3-State 20
CD54AC623F/3A CD54ACT623F/3A Octal-Bus Transceiver, 3-State,
Non-inverting 20
*CD54AC646F/3A *CD54ACT646F/3A Octal Bus Transceiver/Register,
3-State 24
*CD54AC647F/3A *CDS4ACT647F/3A Octal-Bus Transceiver/Register
: with Open Drain, Non-inverting 24
*CDS54AC648F/3A *CD54ACT648F/3A Octal Bus Transciever/Register,
3-State, Inverting 24
*CD54AC649F/3A *CD54ACT649F/3A Octal-Bus Transceiver/Register
with Open Drain, Inverting 24
*CD54AC651F/3A *CD54ACT651F/3A Octal-Bus Tranceiver/Register,
3-State, Inverting 24
*CD54AC652F/3A - *CDS54ACT652F/3A Octal-Bus Transceiver/Register,
3-State, Non-Inverting 24
*CD54AC653F/3A *CD54ACT653F/3A Octal-Bus Transceiver/Register,
Open-Drain (A Side); 3-State
. ! (B Side); Inverting 24
*CD54AC654F/3A . *CDS4ACT654F/3A Octal-Bus Transceiver/Register,
Open-Drain (A Side); 3-State
(B Side); Non-Inverting 24
*CD54AC7060F/3A *CD54ACT7060F/3A | 14-State Binary Counter with
’ Oscillator 20
*CD54AC7201F/3A *CD54ACT7201F/3A | 512 x 9-Bit.Parallel FIFO 28
“CD54ACT7202F/3A *CD54ACT7202F/3A | 1024 x 9-Bit Parailel FIFO 28
CDS4ACT7623F/3A CD54ACT7623F/3A | Octal-Bus Transceiver, 3-State
(B Side), Open-Drain (A Side),
Non-Inverting . 20

“Future availability is under consideration. Contact your local GE Solid State Sales Office for availability status.
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DESC Standard Military Drawing Cross-Reference Guide

BY STANDARD MILITARY DRAWING NUMBER BY RCA DEVICE TYPE
STANDARD STANDARD
MILITARY 02\%?:5 Dgﬁée MILITARY
DRAWING # : DRAWING #
5062-8752501CA CDS4ACTT4F3A CD54ACOOF3A 5962-8754901CA
5062-8754901CA CD54ACO0F3A CD54ACTOOF3A 5062-8769901CA
5962-8755001RA CD54AC240F3A CDS54ACO2F3A 5062-8761201CA
5962-8755101RA CDS54AC241F3A CD54ACO4F3A 5962-8760901CA
5962-8755201RA CD54AC244F3A CDS54ACO8F3A 5062-8761501CA
5962-8755301EA CD54ACT139F3A CD54AC10F3A 5962-8761001CA
5962-8755401EA CD54ACT138F3A CD54AC14F3A 5062-8762401CA
5962-8755501RA CD54AC373F3A CD54AC20F3A 5062-8761301CA
5062-8755601RA CD54ACT373F3A CD54AC32F3A 5962-8761401CA
5062-8760901CA CD54ACO4F3A CD54ACT4F3A 5062-8852001CA
5062-8761001CA CD54AC10F3A CDS4ACT74F3A 5062-8752501CA
5062-8761201CA CD54AC02F3A CD54ACT109F3A 5062-8853401EA
5062-8761301CA CD54AC20F3A CDS54AC138F3A 5062-8762201EA
5962-8761401CA CD54AC32F3A CD54ACT138F3A 5962-8755401EA
5062-8761501CA - CD54ACO8BF3A CD54AC139F3A 5062-8762301EA
5062-8762201EA CDS54AC138F3A CD54ACT139F3A 5062-8755301EA
5962-8762301EA CD54AC139F3A CD54AC151F3A 5062-8769101EA
5962-8762401CA CD54AC14F3A CD54AC153F3A 5962-8762501EA
5062-8762501EA CD54AC153F3A CD54AC174F3A 5062-8762601EA
5962-8762601EA CD54AC174F3A CD54ACT174F3A 5062-8775701EA
5062-8763101RA CD54ACT374F3A CDS54AC240F3A 5962-8755001RA
5062-8766301RA CDS4ACT245F3A CD554ACT240F3A 5062-8775901RA
5962-8769101EA CD54AC151F3A CDS4AC241F3A 5962-8755101RA
5962-8769201EA . CDS4AC251F3A CD54AC244F3A 5062-8755201RA
5962-8769301EA CD54AC253F3A CD54ACT244F3A 5962-8776001RA
5062-8769401RA CDS54AC374F3A CD54AC245F3A 5062-8775801RA
5962-8769501RA CDS4ACS540F3A CDS54ACT245F3A 5082-8766301RA
5962-8769901CA CDS54ACTOOF3A CDS4AC251F3A 5982-8769201EA
5962-8775601RA CDS54AC273F3A CD54AC253F3A 5062-8769301EA
5062-8775701EA CDS4ACT174F3A CDS4ACT253F3A 5962-8776101EA
5962-8775801RA CD54AC245F3A CD54AC273F3A 5062-8775601RA
5962-8775901RA CD54ACT240F3A CD54AC373F3A 5062-8755501RA
5962-8776001RA CD54ACT244F3A CDS54ACT373F3A 5062-8755601RA
5062-8776101EA CDS54ACT253F3A CDS4AC374F3A 5062-8769401RA
5962-8852001CA CD54ACTAF3A CD54ACT374F3A 5062-8763101RA
5062-8853401EA CDS54ACT109F3A CD54AC540F3A 5962-8769501RA

Contact your local GE Solid State Sales Office for availability status.
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DESC Standard Military Drawing Nomenclature Guide

5962

8XXXX

0Xx

SMD ID Number

{Does Not Change)

SMD |Drawing Number

Device Type
(Para 1.2.1 of SMD
Drawing)
Package Outline
Letter = Terminals 0%‘:““; e Configuration
C=14 D-1 1
E=16 D-2 1
R=20 D-8 1
J=24 D-3 1
Lead Finish
A = Solder Dip
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Screening and Conformance Testing

Lot Screening Tests

/3A Screening Level Is Compliant to MIL-STD-883, Para. 1.2.1

Total Lot Screening (X = 100% Testing)

Screening
Screening MIL-STD-883 Levels
Tests Conditions Method Conditions /3A Notes
Assembly )
Precap Visual 2010 B X
Preconditioning
Stabilization Bake 24 hrs. min. at 150°C 1008 C X
Temperature Cycling 10 Cycles 1010 (o} X
Centrifuge Y, direction only 2001 E X
Fine Leak — 1014 AorB X
Gross Leak — 1014 (¢} X
Test and Burn-in
Initial Test — — — X
Static Burn-in 120 hrs. @ 138°C 1015 B X 1
Final Electrical
Static Electrical (DC) 25°C — — X 2,3
-55°C - — X
+125°C —-_ — X
Dynamic Electrical (AC) 25°C, -55°C, +125°C — — X
Group A — — X X 4

Notes: 1. Alternate time/temperature regression used per Method 1015.
2. Al electrical testing per parameters shown in individual device data sheets.
3. PDA = 5%, one reburn allowed at 3%.
4. Sample test performed per Method 5005 of MIL-STD-883.

Manufacturing and Conformance Testing

Characteristic /3A"
SERIES AC, ACT
PACKAGE F
DIE ATTACH EUTECTIC
LEAD FINISH SOLDER DIP
MANUFACTURING LOCATION OFF-SHORE
SCREENING METHOD 5004
CONFORMANCE TESTS
GROUP A METHOD 5005
CLASS B, GROUP B? METHOD 5005 |
CLASS B, GROUP C METHOD 5005
GROUP D METHOQD 5005
DATA SUPPLIED
COFC® YES
NOTES:

1.
2,

3.
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Slash 3A meets MIL-STD-883 Class B (compliantto Para. 1.2.1).
For Slash 3A Series, Group B will conform to MIL-STD-883
using the alternate Group B Method 5005 (Para. 3.5.2).
Certificate of compliance (C of C) signed by RCA representative
provides identity and customer order number, and lists and
certifies tests, methods and conditions per MIL-STD-883. Group
A and B attributes data will be supplied.
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| Screening
Product Flow Diagram i
120 HR AT 135°C
STATIC BURN-IN
883 METHOD 1015
PRECAP INTERNAL VISUAL INSPECTION L FINAL ELECTRICAI.;I
883 METHOD 2010 B -
A
STABILIZATION BAKE GROUP
883 METHOD 1008
EXTERNAL
TEMPERATURE CYCLING VISUAL
883 METHOD 1010 = :
ALTERNATE GROUP B IS
_______ PERFORMED PER
- MIL-STD-883C
CONSTANT ACCELERATION METHOD 5005 PAR. 352
883 METHOD 2001 -
—————— -i GROUP C = l
LEAK TEST FINE & GROSS
883 METHOD 1014
—————— —I - GROUP D ‘ l
- PREBURN '
ELECTRICALS
LEVEL /3A

RCA HIGH-RELIABILITY LEVEL /3A 54AC/ACT ICs

(Screened to Method 5004 of MIL-STD-883C)

Guide to the Reliability Class and Package of RCA High-Rellabllity 54AC/ACT
Integrated Circuits

CDS54ACTOOF/3A
RCA DEVICE PACKAGE SCREENING
PART NUMBER DESIGNATOR LEVEL
AC = CMOS COMPATIBLE F = DUAL-IN-LINE |3a=cLassB
ACT = TTL COMPATIBLE CERAMIC (CERDIP) MIL-STD-883
COMPLIANT
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Ratings and Characteristics

Maximum Ratings, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE (VGE) + .+« v vnveeenneseteeeease et eteaneeeae et ate st e s saeaaeenennenneneaass

DC INPUT DIODE CURRENT, Ik (for Vi <-05V orVi>Vec +05V) connii e naens

DC OUTPUT DIODE CURRENT, lok (for Vo <-0.5 V or Vo > Vec + 0.5 V)

DC OUTPUT SOURCE OR SINK CURRENT per Output Pin, lo (for Vo > -0.5VorVo<Vcc+05V) .............. 150 mA
DC Vcc or GROUND CURRENT (lec of lano) - .vw . e eeteteettietassteaectieceeterastaistrrestiessutsiritssnn +100 mA*
POWER DISSIPATION PER PACKAGE (Po):

FOr Ta=-5510 +100°C (PACKAGE TYPE F) ... ttuiunitiiiit ittt ettt iat i eiaeeaeeaaanesnenerans 500 mW

For Ta= +100to +125°C (PACKAGE TYPEF) ........coiiiiiiiiiiieninennnnns Derate Linearly at 8 mW/°C to 300 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE F ittt it ittee et eanseaeaatanttaneaaeeteiseassassesesaeanssensansaneanens -55to +125°C
STORAGE TEMPERATURE (Ts) -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32 in. (1.59 £+ 0.79 mm) from case for 10 s maximum ..........c..coiiiiiiiiiieernnnnnenns +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

*(For up to 4 outputs per device, add + 25 mA for each additional output.)

Recommended Operating Conditions:

For maximum reliability, normal operating conditions should be selected so that operation is always within the following
ranges:

CHARACTERISTIC LIMITS UNITS
. MIN. MAX.
Supply-Voltage Range, Vcc*
(For Ta = Full Package-Temperature Range)
AC Types 15 55 \"
ACT Types 4.5 55 \'/
DC Input or Output Voltage Vi, Vo 0 Vee
Operating Temperature, Ta:
CD54 Types -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv
at 1.5V to 3V (AC Types) 0 50 ns/V
at3.6 Vto 5.5V (AC Types) : 0 20 ns/V
at4.5V to 5.5V (AC Types) 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.
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TTL Backplane-interface Logic
Family in Advanced CMOS Technology
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FCT Bus-interface Family

FCT PRODUCTS FOR BACKPLANE-INTERFACE
APPLICATIONS

RCA FCT products are being developed to provide a
reliable interface with modern high-speed backplanes. The
FCT types vastly reduce power consumption, avoid bus
contention difficulties, minimize switching noise, and
provide outputs that are specifically tailored to interface
with VME buses or their equivalent.

The speed of the FCT family is comparable to that of bipolar
FAST types. Sink current ranges from 48 milliamperes to 64
milliamperes depending on product type. Fully populated
buses, such as the 21-slot VME can be reliably interfaced.
Products are most economically packaged in plastic DIP
and guli-wing surface-mount pinouts. As with GE's AC/ACT
family of logic devices, simultaneous switching transients
are controlled to levels comparable to similar bipolar logic
functions (1 volt peak area for octal ground bounce).

FCT products, the modern standard for backplane-interface
applications, meet or exceed planned JEDEC industry-

standard No. 18 specifications. FCT products clearly are._

the low-power backplane interface needed in the rapidly
growing down-sized computer world, where low operating

power and virtually zero standby power are- essential

requirements.

The two competitive bipolar families, FAST and the : -

proposed BCT line as described in the technical press,
compared with FCT products are 300 to 1000 times higher
in quiescent power consumption and 400 to 850 times
higher in operating power consumption at a continuous five
megahertz operation. This comparison is illustrated in Fig.
79.

The ratio of sink-to-source. current and the absence of
diodes clamped to the supply rail at the I/0 ports eliminate
or minimize bus contention and permit low power-down
mode operation.

Table XVII lists types and type numbers now in planning.

FCT Features

Speed Competitive with similar bipolar F/AS
TTL tunctions. Typical delay is 3.5 nano-
seconds.

Sink/Source All types have sink and source currents

Current meeting VME, multibus, etc standards.

Output edges are monotonic through the
TTL switch point with fully populated
backplanes.

Simuitaneous  (Ground bounce) Competitive with

Switching similar bipolar TTL and CMOS products.

Transients Output swing is 3.5 volts. Output edges
are slewed.

Operating and Ultra-low pure CMOS operating power

Standby Power and standby power of aimost zero.

Pinout Standard.

FCT Benefits

Swift delay requirements dictated by modern control-
_system backplane-interface-logic present no problems.

Optimized output drives minimize backplane reflections in
worst-case situations. )

EMI! and RFl emissions minimized. Good signal-pulse
integrity.

Meets low-power needs of down-sized computers without
fans, etc. Low battery drain.

Provided in minimum and most economically sized DIP and
SOP.

Minimum CAD/CAM, burn-in board, and PC-board real-
estate costs. With no performance sacrifice.

Table XVIil - Planned FCT Types

Buffers

CD54/74FCT240 CD54/74FCT241
CD54/74FCT541 CD54/74FCT827
Transcelvers

CD54/74FCT245 CD54/74FCT623
CD54/74FCT651 CD54/74FCT652
CD54/74FCT863 CD54/74FCT864
Latches

CD54/74FCT373 CD54/74FCT533
CD54/74FCT841 CD54/74FCT842
Registers

CD54/74FCT821 CD54/74FCT822
Flip-Flops

CD54/74FCT273 CD54/74FCT374

CD54/74FCT574

CD54/74FCT244  CD54/74FCT540
CD54/74FCT828

CD54/74FCT646 CD54/74FCT848
CD54/74FCT861 CD54/74FCT862
CD54/74FCT7623

CD54/74FCTS63  CD54/74FCT573
CD54/74FCT843 CD54/74FCT844
CD54/74FCT823 CDS54/74FCT824
CD54/74FCT534 CD54/74FCT564
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Fig. 79 - Comparison of power consumption for an octal transceiver

type.

MAXIMUM RATINGS, Absolute-Maximum Values:

FCT Bus-Interface Family

DC SUPPLY-VOLTAGE (V) « vttt votemtneaeeneettaneaaetaaaataneeanssaeasssneattesesneenseassiseanes -05to6V
DC INPUT DIODE CURRENT, lik (for Vi << =05 V) Lot e et e e it eeaens -20 mA
DC OUTPUT DIODE CURRENT, lok (for Vo < =0.5 V) oottt ittt a i -50 mA
DC OUTPUT SINK CURRENT per OQutput Pin, 1o ...ttt it ittt i i i +70 mA
DC OUTPUT SOURCE CURRENT per OUtpUt Pin, lo .. ..o vttt eas -30 mA
DC Ve CURRENT (00) -+ v e vt vteieeeteatteesaaenetneentennteneaaenssaneensenneneeneenesanssseeennsenensen 140 mA
DC GROUND CURRENT (IGND) + vt v v eenteneenneneenneneeenneanrsssncontsnesmueeneasenncaneinsenns N (lou) + M (Alcc)

POWER DISSIPATION PER PACKAGE (Po):

where N = No. of outputs
M = No. of inputs

For Ta=-5510 +100°C (PACKAGE TYPE E) .. ..ottt it i i et a s 500 mW

For Ta=+100 to +125°C (FACKAGE TYPEE) ....... .. ciiiiiiiiiinrinnnnen Derate Linearly at 8 mW/°C to 300 mW

For Ta=-5510 +70°C (PACKAGE TYPE M) ...\ttt ittt et eaei i ciiaeeaneas 400 mW

For Ta=+70to +125°C (PACKAGE TYPEM) .......c.oiiiiiiiiiiiiiiiiinns Derate Linearly at 6 mW/°C to. 70 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE B, M ittt et e et ettt et aa et a e e eaaenns -55 to +125°C
STORAGE TEMPERATURE (Tatg) « -t v e ttenetnneteenesineaneanenneatetnteataaeenssutsnneneenneaeenns —-65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 £ 1/32 in. (1.59 & 0.79 mm) from.case for 10 smaximum ........... ... ..oiiiiiiiiiiiinanann. +265°C

Unit inserted into PC board min. thickness 1/16 in. (1.59 mm) with solder contacting lead tipsonly ............. +300°C

RECOMMENDED OPERATING CONDITIONS:

For maximum reliability, normal operating conditions should be selected so that

operation is always within the

following ranges:
LIMITS
TH NITS
CHARACTERISTIC prey MAX. V)

Supply-Voitage Range, Vcc*: )

Ta=0to 70°C 475 5.25 "

Ta=-55t0+125°C 45 5.5
DC Input or Output Voltage, V,, Vo * 0 Ve \
Operating Temperature, Ta -55 +125 °C
Input Rise and Fall Slew Rate, dt/dv 0 10 ns/V

*Unless otherwise specified, all voltages are referenced to ground.
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STATIC ELECTRICAL CHARACTERISTICS

74FCT Commercial Temperature Range, 0 to 70°C.

Vec max =525V

FCT Series: Vec min=4.75V
S54FCT Extended Industrial Temperature Range, -55 to +125°C. Vec max = 5.5 V
Veemin =45V
AMBIENT TEMPERATURE (T,) - °C
TEST CONDITIONS .
CHARACTERISTICS Vee 125 [0t +70 5104125 Nt
v, Io v :
MIN. | MAX. . | MAX. .|
) (mA) AX. | MIN. MIN. | MAX.
High-Level Input 4.5
Voltage Vin to 2 — 2 — 2 — \"
5.5
Low-Level Input 45
Voltage Vi to — 08 — 08 — 0.8 v
55
High-Level Output Vi or -15# 24 — 24 — — —
Vou MIN.
Voltage Vi ~12# 24 — — —_ 24 — v
Low-Level Output Vo | Vmor 64 Nl — | 085 — 0.55 — —
Voltage Vi 48* — 0.55 — — — 0.55
High-Level Input
Current lin Vee MAX.| — 0.1 — 1 — 1 uA
- |1
Lod-Leval Input | GND Max.| — | o1 | — | a4 | — | 4 | uaA
3-State Leakage
Current lozn Vee MAX. | — 05 — 10 — 10
MA
lozu GND MAX. | — -0.5 - -10 — -10
Short-Circuit Output Vec or
Current* los GND MAX. | -60% — -60% — -60* — mA
. Vo=0
Input Clamp Vec or
" Voltage Vik GND -18 MIN. — -1.2 — -1.2 - -1.2 v
Quiescent Suppl V L
Current, Mglp Y lec or 0 MAX. [ — 8 - 80 — 500 |- wA
GND
Additional Quiescent Supply
Current per Input Pin
TTL Inputs High Alec | 34VT MAX.] — | 6 | — | 16 | — 2 | mA
1 Unit Load

*Not more than one output should be shorted at one time. Test duration should not exceed 100 ms.
tinputs that are not measured are at Vcc or Gnd.

FCT input Loading: All inputs are 1 unit load. Unit load is Alcc limit specified in Static Characteristics Chart, e.g., 1.6 mA max. @70°C.

#values are for FCT240 types (see “Output Capabilities” and Table XIX for los, loL, and lon for other types.)
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SWITCHING WAVEFORMS FOﬁ 54/74FCTXXX

Shown below is the FCT test circuit. A Thevenin equivalent
may be used for output loading.

LOW-HIGH-LOW mT —3v
INPUTPULSE ¥ = W —————— 1.5V
v i
te tg - 2.5ns ? ee v E i ov
V= 3v : |
It o R —
zlE";.SE Z,f > DU.T. | | av
Ry 5o a HIGH-LOW-HIGH S e 1.5V
INPUTPULSE N /i ___ ov
Ry-Zo
Fg 92CS-43174
1 + - | Output Requirement:
= Device must follow truth tabie.
Vo< 0.55V
Voh=24V
-t—TESL WITCH POSITION Input Condition:
g:lii CLOSED t. = 4 < 2.5 ns (as fast as required)
OPEN DRAIN Standard Output Loading:
T RL =500 Q
tpHZ CL =50 pF
tPzH OPEN
tPLH
tPHL
Fig. 82 - Input pulse width.
Definitions:

C. = Load capacitance includes jig and probe capacitance.
Rr = Termination should be equal to Zour of the pulse
generator. (Typically 50 Q). - ’

Vn=0Vto3V
Input: t, =ty = 2.5 ns (10% to 90%) unless otherwise
specified.
Fig. 80 - Test circuit.
:
wo XK XK 3
IN -
———oVv"
| i -
—t
—tyy—ed "
NSITION TIMING '—%—————————:?:v
INPUT T Tlov
e |
ASYNCHRONOUS CONTROL |, "i
PRESET. - ~ | t av
CLEAR —x _________________ .
OUTPUT ETLEA (0 | ———:) ;v
. | .
SYNCHRONOUS CONTROL I
PRESET 931 —
. CLEAR bl ——_— :1“5' v
OPPOSITE PHASE ! —3v CLOCK EO‘CABI.E - T| —lov
INPUT TRANSITION Y ———————— ————— —15V i |
~ i b —ov -
| ! —tyy—] I
92CS-43175 92CS-43173
Fig. 81 - Propagation delay times. Fig. 83 - Setup, hold, and removal times.
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SWITCHING WAVEFORMS FOR 54/74FCTXXX (CONT’D)

ENABLE TIMES

CONTROL INPUT

OUTPUT NORMALLY
Low

OUTPUT NORMALLY
HIGH

92CS-43177

DISABLE TIMES

CONTROL INPUT .
__Z __________ ov

OUTPUT NORMALLY
Low

OUTPUT NORMALLY
HIGH

Fig. 84 - Output enable and disable times.

OUTPUT CAPABILITIES

Because of the numerous applications for 54/74FCT types,
the output specifications are derived from the LOW drive
and HIGH drive tables below. Any low type category may be
combined with any lon and los type category to specify the
output drive. Refer to Table XIX for device type categories.

Minimum Output at Low Drive (lov); Vcc = min

Minimum
Low-Level Low-Level
Type Output Voltage  Output Current
Category Vou (V) lo. (MA)
coML MIL
3 0.55 48 32
4 0.55 64 48
Minimum Output at High Drive (lon); Vcc = min
: Minimum
High-Level High-Level
Type Output Voltage  Output Current
Category Von (V) lon (MA)
COML MIL
1 24 -16 -12
2 2.4 -24 -20
Minimum Output at Short Circuit (los); Vec = max
Minimum
Short-Circuit
Type Output Voltage  Output Current
Category Vo (V) los (mA)
COM'L MIL
1 , 0.0 -60 ~ -60
2 ‘ ) 0.0 -75 . -715
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Table XIX - Output Drive for 54/74FCTXXX

Device
Number

54/74FCT240
54/74FCT241
54/74FCT244
54/74FCT245
54/74FCT273
54/74FCT373
54/74FCT374
54/74FCT533
54/74FCT534
54/74FCT540
54/74FCT541 -
54/74FCT563
54/74FCT564
54/74FCT573
54/74FCT574
54/74FCT623/7623
54/74FCT646
54/74FCT648
54/74FCT651
54/74FCT652
54/74FCT821
54/74FCT822
54/74FCT823
54/74FCT824
54/74FCT827
54/74FCT828
54/74FCT842
54/74FCT843
54/74FCT844
54/74FCT861
54/74FCT862
54/74FCT863
54/74FCT864

lon Output Type lo. Output Type

WWWWWWWWPRWOLWWHLLELELRDWWWLELWWWWOEEDESL
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PRELIMINARY SWITCHING-SPEED LIMITS

This section gives the preliminary switching-speed -para-
meter limits for the FCT types. The limits are given for each
type grouped by generic function. Table XX covers bus
drivers, buffers, and transceivers. Table.XX| covers flip-
flops and registers. Table XXl covers latches, and Table
XXl covers all types that additionally have three-state
dperation capability.

In the tables, individual parameter limits are given for each
device type along with descriptive symbols for each
parameter. All limit values are in nanoseconds. Generic pin
names are used and no distinctions are made for inverting
or non-inverting outputs uniess noted.

" For each entry two limit values are shown separated by a

slash, e.g. a/b. Limit a applies to the commercial temperature
range 0 to 70° C with Vee=5.0 1 0.25 volts. Limit b applies to
the MIL temperature range of -55°C to +125°C with V¢ =
5.0 + 0.5 volts. Plastic DIP and SOP packeged parts (74
series) are applicable for both temperature ranges. The 54
series devices will apply only to the MIL ceramic packaged
parts when available. A dash (—) indicates that the
parameter is not specified or does not exist for a given
device.

It should be noted that these preliminary speed limits are .
design objectives and are subject to possible minor changes.

Table XX - Switching Parameters for Bus Drivers, Butfers, and Transcelvers.

~ﬁp. Descriptive comL/MIL | | Type Descriptive COM'L/MIL
‘Number Symbol Limits (ns) Number Symbol Limits (ns)
CD54/74FCT240 T 8.0/9.0 CD54/74FCT648 tezn,tezt "15.0/18.0
: : A=Yy (cont'd) G/DIR—Bus g
CD54/74FCT241 tovm,tene 6.5/7.0 terztoiz 9.0/11.0
: : An—Y, G/DIR-Bus :
CD54/74FCT244 | tentene - . 6.5/7.0 teu oL 4.0/4.5
An=Yn tn 2.0/2.0
CD54/74FCT245 ::::;:L 7.0/75 tow 8.0/8.0
CD54/74FCT540 | teumtewe 8.0/9.0 CDS4/74FCTES! BUa T sus sonoo
An"Yn
CDS54/74FCT541 | teuten.’ 6.5/7.0 Qute 8.0111.0
An"Yn .
CDS4/T4FCT623 | teumten 7.0/15 o 11.0/12.0
o : An/Br=Yn tozm.t 1401130
tezutez 9.5/10.0 Pl ’ o
8.G-0 tG /D:R o 9.0/11.0
tenzteiz 7.5/10.0 ez i
py G/DIR—Bus
CDS4/74FCT646 | teuntem 9.0/11.0 tou } 4.0/45
BUS—Bus th 2.0/2.0
tou,tere 9.0/10.0 tow 6.0/6.0
CL—-Bus . . CD54/74FCT652 toLm,tenL 9.0/10.0
toumtene 11.0/12.0 BUS—Bus
Sel—~Bus teur,tpHe 9.0/11.0
tezn,tez 14.0/15.0 CL—Bus
G/DIR—-Bus teun, tene 11.0/12.0
torz,teuz 9.0/11.0 Sel-Bus :
G/DIR—Bus tezu,tez 14.0/13.0
to : 4.0/45 G/DIR—Bus
th 2.0/2.0 téuz.tru 9.0/11.0
tow 6.0/6.0 /DIR—Bus
CD54/74FCT648 | trumten: 8.0/9.0 b 4.0/45
: BUS—Bus tn 2.0/2.0
teun,truL 9.0/10.0 - tow : 8.0/6.0
CL—Bus CDS54/T4FCT827 teumten 10.0/12.0
tPLH.tPKI. 11.0/12.0 An"‘Yn
Sel—Bus
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. Table XX - Switching Parameters for Bus Drivers, Buffers, and Transcelvers (Cont'd)

Type ) Descriptive - COM’L/MIL Type . Ducrlptlie COM’L/MiL
Number Symbol Limits (ns) Number C Symbot Limits (ns)
CD54/74FCT827 teuz trrz 13.0/15.0 CD54/74FCT862 tezu, tezn 14.0/16.0
(cont'd) . - G—-0 (cont'd) G—0
tezu,tezn : 13.0/15.0 CD54/74FCT863 teun, tere 10.0/12.0
G0 An—Yn
CD54/74FCT828 teLn,tene 10.0/12.0 ‘ teLz tenz 14.0/16.0
An"‘Yn - G—-0
teLz,teuz 13.0/15.0 tezu,trzn 14.0/16.0
G—0 G—O
trzu,tezn 13.0/15.0 CD54/74FCT864 teun,tene 10.0/12.0
G—0 An—Yn
CD54/74FCT861 teLn,teHL 10.0/12.0 teLz,trHz 14.0/16.0
An—Yq . G—-0 :
trrz,tprz 14.0/16.0 tezu,trzH 14.0/16.0
G—0 G-0
 teztezn 14.0/16.0 CD54/74FCT7623 teun,tere 7.0/75
G—-O B A,.-“Y’n )
CD54/74FCT862 tein,teHL 10.0/12.0 trz 7.5/10.0
An—Yn . . . Ba—Yn
teez,tenz 14.0/16.0 tezL 9.5/10.0
G—-0 Bn—Yn

Table XXI - Switching Parameters for Flip-Fiops and Registers

Type Descriptive COM'L/MIL Type Descriptive COM'L/MIL
Number Symbol Limits (ns) Number Symbol Limits (ns)
CD54/74FCT273 ten,terL 13.0/15.0 CD54/74FCT534 th 2.0/25
CK—-Q (cont'd) CK-D,J,K
teLntr 13.0/15.0 tw(CK) 7.0/1.5
- R,S5—~Q tou _
teu 3.0/3.5 CE—CK
D,J,K—~CK t _
tn A 2.5/2.5 ‘ CE~CK
CK—D,J K ~ CD54/74FCT564 et 10.0/11.0
tnm 40/50 CK"Q
RS~CK to : 20/25
tw(CK) 7.0/7.0 D,J,K—~CK
tw(R,S) 7.0/7.0 th 2.0/2.5
CD54/74FCT374 toumstem 10.0/11.0 CK—D,J.K
CK~Q tw(CK) 7.0/7.5
tw 2.0/25 te , -
D,J,K—~CK CE—~CK
th 2.0/25 th -
CK—D,J,K CE—CK )
tw(CK) 7.0/7.0 CD54/74FCT574 teuw.trL 10.0/11.0
CD54/74FCT534 teun, tene 10.0/11.0 CK—-Q,Q
ck—-Q : : tau 2.0/25
tao 2.0/25 D.J.K~CK
DJ,K—~CK “tn 2.0/2.5
. CK—D,J,K
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Table XXI - Switching Parameters for Fiip-Flops and:ﬂoglmn (Cont'd)

Type ) Descriptive © COML/MIL Type Descriptive COM'L/MIL
Number Symbol Limits (ns) Number Symbol Limits (ns)
CD54/74FCT574 tu(CK) B 7.0/70 CD54/74FCT823 th 2.0/3.0
(cont'd) truz ez 8.0/8.0 (cont'd) CK-D.J.K
G—0 trom 7.0/7.0
tezu.tezn 12.5/14.0 R.S—~CK
. G-0 tw(CK) 7.0/11.0
CD54/74FCT821 toun,tene 12.0/14.0 tw(R,S) 7.0/11.0
CK~Q,Q tou 4.0/6.0
tou 4.0/6.0 CE-CK
D.J.K—CK tn 2.0/3.0
th 2.0/3.0 CE-CK
CK—D,J,K tevz,tenz 12.0/12.0
tw(CK) 7.0/11.0 G~0
teuz,terz 12.0/14.0 tezi,tezn 12.0/14.0
G-0 G~0
tezv.tozn 12.0/14.0 CD54/74FCT824 teum,teue 12.0/14.0
G0 CK-Q,Q
CD54/74FCT822 teLn, tere 12.0/14.0 TR 13.0/15.0
CK-Q,Q R,S—-Q,Q
tou 4.0/6.0 tau 4.0/6.0
D,J.K~CK D,J,K—~CK
th 2.0/3.0 t 2.0/3.0
CK~D,J,K CK—D,J K
tw(CK) 7.0/11.0 trom 7.0/7.0
teiz.tenz 12.0/12.0 R,5—~CK
G—-0 tw(CK) 7.0/11.0
tezv.tezn 12.0/14.0 tw(R,S) 7.0/11.0
G—0 , teu 4.0/6.0
CD54/74FCT823 teun,teue 12.0/14.0 CE-CK :
CK-Q,Q th 2.0/3.0
tein, tern 13.0/15.0 CE—-CK ‘
R,S—Q.,Q ) terz,tenz 12.0/12.0
tow 4.0/6.0 G-0
D,J,K—~CK teze tpzn 12.0/14.0
G-0

Table XXIlI - Switching Parameters for Latches

Type Descriptive - COM'L/MIL Type Descriptive COM'L/MIL|
Number Symbol Limits (ns) Number Symbol Limits (ns)
CD54/74FCT373 teum.tene 8.0/8.5 CDS54/74FCT533 teun,teue 8.0/8.5
D—-Q D-Q
teLH,tere 13.0/15.0 teun,tere 13.0/14.0
E—-Q E—-Q
to . 2.0/2.0 teu 2.0/2.0
D—-E D~E
th 3.0/3.0 th 3.0/3.0
E—-D E~D .
tw 6.0/6.0 tw 6.0/6.0
(E) (E)
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Table XXII - Switching Parameters for Latches (Cont'd)

Type

(E)

Type Descriptive - COM'L/MIL * Descriptive COM'L/MIL
| Number Symbol Limits (ns) Number Symbol Limits (ns)
CD54/74FCT563 toin tene 8.0/8.5 CD54/74FCT842 teiz tenz 12.0/14.0
D—-Q (cont'd) G—0O
teLn, terL 13.0/14.0 tezu,tezn 12.0/14.0
E-Q -0
tou 2.0/2.0 CD54/74FCT843 tpLtemL 11.0/14.0
D—E 1 . D—-Q
tn 3.0/3.0 teum, tere 12.0/14.0
E-D E-Q
tw 6.0/6.0 tau 3.0/3.0
(E) D—E
CD54/74FCT573 teum,teue 8.0/8.5 ta 4.0/4.0
D—-Q E-D
teunitene 13.0/15.0 tw 6.0/9.0
E-Q teurte 13.0/15.0
teu 2.0/2.0 R,S—Q }
D-E tau 4.0/4.0
th 3.0/3.0 S—E
E-D teu 3.0/3.0
tw 6.0/6.0 R—E
(E) tw 8.0/12.0
trLz, trrz 7.5/10.0 R,S
G—0 tevz tenz 12.0/14.0
tezu,trzn 12.0/13.5 G—0
G—-0 - ' tezu, trzm 12.0/14.0
CD54/74FCT841 toumtere 11.0/14.0 G-0
bD-Q CD54/74FCT844 teLmtent 11.0/14.0
teLn. tere 12.0/14.0 D—-Q
E-Q teLn, tere 12.0/14.0
tou 3.0/3.0 —-Q
D—E tau 3.0/3.0
tn 4.0/4.0 D—E
E-D th 4.0/4.0
tw 6.0/9.0 E-~D
(E) tw 6.0/9.0
truztenz 12.0/14.0 teLn,tere 13.0/15.0
G—0 R,S—Q
tezv trzn 12.0/14.0 4
G-0 ‘s'"- e 0/4.0
CD54/74FCT842 tem,temL 11.0/14.0 tos 3.0/3.0
D-Q R—E
- teuateny, 12.0/14.0 te 8.0/12.0
E—Q RS: .
ta 3.0/3.0 teua.tonz ' 12.0/14.0°
D—E G—0
th 4.0/4.0 o — 12.0/14.0
E~D G-0
tw 6.0/9.0
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Table XXill - Three-State Switching Parameters

Type Descriptive COM'L/MIL Type Descriptive COM'L/MIL
Number Symbol Limits (ns) Number Symbol Limits (ns)
CD54/74FCT240 teLz,terz 9.5/12.5 CD54/74FCT374 teLz,teHz 8.0/8.0
G—0 G—0
tezi,tezn 10.0/10.5 tezu,trzn 12.5/14.0
G-0 G—0
CD54/74FCT244 teLz,truz 7.0/7.5 CD54/74FCT533 teLz,teHz 7.0/8.5
G0 G-0
tezi,tezn 8.0/8.5 tezi, tezn 11.0/12,5
) G—0 G—0
CD54/74FCT245 teLz,tenz 7.5/10.0 CDS54/74FCT534 teuz,tenz 8.0/8.0
G-0 G—0
tezu,tezn 9.5/10.0 tezi,trzn 12.5/14.0
G—0 G—0
CD54/74FCT373 | teztenz 7.5/10.0
G—0
tezu,tezun 12.0/13.5
G-0
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Using Advanced CMOS Logic in a

VME Data Bus System

SUMMARY

Advanced CMOS Logic (ACL) and High-Speed CMOS (74
types) are ideal for use in VME or any other system. Their
benefits of low power consumption, high speed, excellent
noise immunity, and wider operating-temperature range
are important in system designs. This Note describes the
performance of RCA's Advanced CMOS Logic and High-
Speed CMOS in a VME system computer. The performance
of the system with CMOS is compared to the unmodified
off-the-shelf bipolar computer. ACL and High-Speed CMOS
logic show greater tolerance to induced noise, and lower
power consumption, than their bipolar equivalents. Data
demonstrates that a system conversion to CMOS saved 9
watts of a total of 28 watts dissipated by the bipolar system
without affecting system timing or operation.

INTRODUCTION

One of the biggest problems in any system is power and
heat dissipation. These factors commonly cause the typical
system to be larger and more expensive than the designer
wishes. But now, with the advent of High-Speed CMOS and
Advanced CMOS Logic, the system designer has an
alternative to power-hungry bipolar glue logic.

This Note describes the benefits of using Advanced CMOS
Logic from RCA in a VME system computer. The VME
system was chosen over all others (e.g., multibus, standard
bus, and S-100 bus) as an excellent candidate because of
the large amount of glue logic used in it, and because this
type of system would benefit most from the replacement of
its bipolar glue parts, largely FAST and LSTTL. Advanced
CMOS Logic has a drive capability of £24 mA at 0.5V. The
VME specification requires that drive logic be capable of
driving 64 mA over a number of backpianes. Because of the
lower drive current of the ACL logic, the number of
backplanes is limited in this experiment to one VME and one
VMX backplane, which have terminations of 330 and. 470
ohms ateach end. This limitation, imposed by drive current,
should not prevent the user from reaping the benefits of
replacing his bipolar logic with Advanced CMOS Logic,
because in many systems only a few parts of many need
adhere to the drive-logic specification. As highlighted in
this paper, the advantages of using ACL are: much lower
standby power, better reliability due to lower junction
temperature and, because of the power savings, lower cost.

The data for this Note was collected first on the unmodified
system, which contains bipolar bus interface logic (FAST
and LSTTL). The system was tested in several operating
modes. The 5-voit power supply was monitored with a
clamp-on current probe, and waveform integrity was
recorded. The system consists of a double-height 19-inch
VME rack with power supply, both VME and VMX PCB
buses, a system CPU controller with its internal memory,
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and two external I/0 cards. Table I contains more detailed
information on the system components.

The configuration of the system places the three cards
evenly through the rack. The CPU card is at one end, the
6-port card is at the other, and the external CMOS RAM card
is spaced evenly in the middle. Fig. 1 illustrates the
configuration of the system in a block diagram.

Table I - System Components

Manutfacturer Model No. Function

Force Computer CPU-20 68020 CPU with 512K Memory
Force Computer SRAM-1 128K CMOS RAM Card

Force Computer SIO-1 6 1/0 Serial Port

MOTH-12A VME PCB Bus
MOTH-12E VMX PCB Bus
PWR-09A Power Supply

Force Computer
Force Computer
Force Computer

SRAM-1 $101
128K EXTERNAL 6-CHANNEL POWER SUPPLY
RAM CARD 1/Q CARD
VME BUS 3
b VMX BUS
—\ SY$68K

cru-20 SLAVE CARD

68020 CARD —1/| 512K MEMORY
92C8-40048

Fig. 1 - Block diagram of VME system.

STANDARD BIPOLAR LOGIC SYSTEM - UNMODIFIED
Tests Performed on the Operating System

The power on the 5-volt supply is monitored, and the
system’s major waveforms are recorded and compared to
the published standards of the manufacturer. Built-in
benchmark timing tests are used to verify system timing,
access timing, and communication ability between the
cards. Built-in tests, designed by the manufacturer, assure
that the system is operating within the specifications. These
tests allow the comparison of the unmodified system
(which contains bipolar FAST and LSTTL) to the modified
system (which contains ACL and High-Speed CMOS). The
correlation of these timing tests is very important to the
validity of this conversion experiment.




Comparison Tests - The following tests are used to
compare the operation of the system before and after the
conversion of the glue logic:

1. Benchmark Test 1 - Decrement Iong word in

memory 10M times.

2. Benchmark Test 2 - Pseudo DMA 1K bytes 50K

times.

3. Benchmark Test 3 - Substring character search

100K times.

4. Benchmark Test 4 - Bit test/set/reset 100K times.
5. Benchmark Test 5 - Bit matrix transposition 100K
times.

6. Benchmark Test 6 - Cache test—128K program
executed 1K times. (This test
can only be performed on the
main CPU memory because of
the memory requirements.)

. Monitoring the VME system clock. )

. Monitoring the major handshaking signals on the
bus (DTACK, DATA VALID, DS“A" and DS"B")
and comparing the results to the specifications
both before and after conversion.

9. The 5-volt power supplyis monitored with a’clamp—
on current probe to observe the change in both
standby and operatmg power on the VME and VMX
bus.

10. The bus waveforms are monitored to observe the

signal reflections on the bus.

11. All critical waveforms are monitored for their

signal reflections.

12. Atest macro program is generated and its execution

time is recorded and compared.

The tests were chosen to be as simple as possible (allowing
the system designer to easily evaluate the modification) but
still provide accurate testing of the system.

Standard Unmodified System Benchmarks and
Specifications

Table II contains the critical timing specifications required
and used in the test. Table III contains the results of the
benchmark timing tests.

@~

Table II - Critical Timing Specifications

Signal Critical Specs. Observed Specs.
Sys Clk 16.0000 MHz 16.0102 MHz
DSO0 to DS1 skew 20 ns max 3ns

Data Valid to DTACK 0 ns min 40 ns

AS to BTACK 20 ns min 30ns

Table III - Results of Benchmark Timing Tests

Test Timing Results
(seconds)

Main Bd.
Bench No.

1 10.79

2 13.90 .

3 11.91

4 3.71

5 11.29

6 21.64
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The system clock is shown in Fig. 2. The top waveform is
monitored at the driver output while the bottom waveform is
the system clock signal at the very end of the bus (atthe I/O
port card). All three cards are in the system, and signal
reflections can be seen as three bumps when the signal is
low. Each reflection is about 5 ns wide and about 0.75 volt
above ground. As each card is removed, the number of
reflections and the loading factor is reduced. Fig. 3illustrates
that there are less reflections and that the signal integrity
has improved. :

Fig. 4 shows the same effect, but with only the main card in
the system. These reflections are from each input and the
bus. If the reflection voltage exceeds the TTL switching
threshold, false triggering will occur and system operation
will be hampered.

Fig. §illustrates the signals of DSO to DS1. Fig. 6 illustrates
DATA VALID to DTACK. Fig. 7 illustrates AS to BTACK.
These signals are detailed in Table 111

Power

The unmodified system consists almost entirely of bipolar-
type logic: TTL, LSTTL and FAST, which are glue logic,
plus many bipolar LSI and VLSIparts. Another large user of
power is the VME resistor terminations, which are at either
end of the bus. The system uses a full 32 bits with the option
of either a 16 or 32-bit data bus. There is also the VMX bus,
which extends the system for 32-bit operation and contains
the same resistor terminations as the VME bus. A typical
VME board is multilayer (a requirement because of the
number of connections and the huge amount of power
required to operate the circuits). Table IV shows the
amount of power the unmodified system requires and each
board's contribution.

Table IV - System Power and Board Contribution

Item Power - 5V (Watts)
VME vMmX
CPU-20 14.25 7.05
SRAM-1 2.95 NA
SI/01 3.65 NA
Total 20.85 7.05
Total Operating
Power (Data Access) 21.25 8.99

Total Power - 5V Supply: 27.9 Watts

_Unmodified-System Summary

The above tests and data show that the present system isin
good working order, and that it follows the manufacturer’s
specifications. All of the above data will be used to compare
the operation, performance and system integrity to the
modified system (bipolar logic replaced with ACL and
High-Speed CMOS). The unmodified system uses a very
large amount of power. The modified system will reduce
both the standby and operating power through the
replacement of the glue logic; the LSt and VLS! parts in the
system cannot be changed.

n
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Fig. 4 - Signal refiections, 1 card.
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MODIFIED SYSTEM DATA

This section of the Note deals with the replacement of the
bipolar glue logic with Advanced CMOS Logic and High-
Speed CMOS parts. It consists of a comparison of timing,
signal integrity, waveforms, and power savings of the
unmodified system with the modified one.

The same tests as those used in the unmodified system witl
be performed and their results recorded for comparison.
The test results must be within the manufacturer's
specifications to prove the modification successful.

Modification Procedure

In replacing the glue logic, the specifications of the ACL
and the High-Speed CMOS parts must be met. The system
schematic must be reviewed, and only those parts that can
be operated within specification can be substituted. The
VME bus specification states that each driver must be able
to sink a total of 64 mA at 0.5V. ACL can only sink 24 mA at
0.4V. For the purpose of this experiment, the VME bus in the
system is limjted to 1 backplane and terminations at either
end only. This restriction keeps the operation to within the
limits of ACL and allows the replacement to be carried out.

Each card is reviewed and modified with the correct logic.
FAST is replaced with AC, and LSTTL is replaced with HCT
High-Speed CMOS logic. The AC type logic is used
because the signal inputs are at CMOS levels, or unioaded
TTL outputs pulled up to at least 4.25, which is above the Vin
of 3.5V of the AC specification, and most of the glue logic is
associated with the data buses. HCT High-Speed CMOS is
used to replace LSTTL because of its ability to switch on
TTL levels; most of the LSTTL ICs interface to bipolar LS|
and VLSI.

ALS is also present in the system, mainly in the external
card’s VME bus interface. The ALS 645-1 has a higher
current-sink capability than normal ALS. For the purpose of
this paper, the ALS 645-1 and 641-1 are being replaced by
the AC245 and the AC241. These AC parts have the same
pinout and function with the increase in speed of ACL. The
ALS drivers are directly connected to the VME and VMX
buses, which for this experiment are being limited to the
restriction stated above.

Standard Moditied System Benchmarks and
Specifications

Table V contains the critical timing specifications monitored,
and compares them to the unmodified system. Table VI
contains the resuits of the benchmark timing tests. The
above tests show that there are few or no timing changes
between the modified and unmodified units. The only
difference, which should not effect system timing, is that
CMOS logic will give the user a more even propagation
delay than bipolar logic, and a larger output-voltage swing.

Table V - Critical Timing Specifications

Signal Critical Specs. Observed Specs.
Sys Clk 16.0000 MHz 16.0359 MHz
DSO0 to DS1 Skew 20 ns max 2.5ns

Data Valid to DTACK 0 ns min 40 ns

AS to BTACK 20 ns min 29 ns

ICAN-8640

Table VI - Results of Benchmark Timing Tests

Test Timing Resuits
(Bench No.) (seconds)
1 10.79
2 13.90
3 11.92
4 3.7
5 11.29
6 21.65

Waveforms

The system clock is shown in Fig. 8. The top waveform is
monitored at the driver output, and the bottom one at the
end of the bus (I/0 card). All three cards are in the system,
and the signal reflections from each card can be observed in
the waveform during a low. The output voltage swing is
higher due to the rail-to-rail swings of the CMOS technology.
The signal integrity is similar to that of the unmodified unit.
Each reflection can be seen, as mentioned above. Fig. 9
shows the system clock with only two cards present.

Fig. 10 shows the clock with only the main card present in
the system. The clock signal has balanced high and low
pulse widths. By using logic with CMOS thresholds, the
noise margin of the bus and the system can be improved.
Noise immunity in a TTL-type logic system is limited
because of the lower switching thresholds. The unmodified
system noise reflections approach the 0.8V TTL logic-low
window.

With CMOS input devices, the typical 50% switching
threshold provides the designer with a larger noise window
than the TTL types. The larger CMOS signal output is
thought to produce a larger EMI, RFI, and dv/dt than the
signal output which TTL logic produces. Observations in
this system show that the total RFI and EMI is about the
same because of the lower power consumption, which is
discussed in the next section.

Power

The modified system contains a total of 51 Advanced CMOS
Logic and 21 High-Speed CMOS parts. For the sake of
simplicity, the VME and VMX terminations are left the same.
In a VME system which, basically, is only active on the bus
when communicating, the standby power consumption is
very high because of the large quiescent current required
by the bipolar logic. The modified system replaces this logic
with CMOS, which has almost no quiescent current
requirements, it only consumes power when switching.
Even though the bipolar LSI and VLSI cannot be replaced,
there is still a substantial power reduction in the system.
Table VIIshows the power measured in the system after the
conversion.

MODIFIED SYSTEM SUMMARY

‘The modified system demonstrates the many reasons for

using CMOS instead of power-hungry bipolar logic. Overall
system operations and timing are not effected by the
change, but power dissipation clearly drops. The significant
power reduction highlighted by the above data clearly
points out the reasoning behind and advantages to a
conversion to CMOS logic. The conclusion of all of the
above data is that CMOS logic (ACL and High-Speed
CMOS) is far superior in standby power dissipation, noise
margin, and reliability to bipolar types, and should be the
firstchoice in system replacement or new designs. Moreover,
the VME and VMX buses, which require a large power
dissipating termination, should be redefined for use with
CMOS logic and to reduce power use in systems, thereby
improving reliability and lowering system cost.
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Table VII - Power Measured After Conversion

Item No. of ICs Replaced Power (5V)  Savings over Bipolar

FAST LSTTL ALS (Watts) (Watts)
CPU-20 30 0 7 VME: 9.9 VMX: {435

1 6 7  VMX: 44 VMX: 285
SRAM-1 0 15 6 VME: 062 VMX: 23
SI/01 31 21 20 VME: 313 VMX. 0.52
Total System VME: 13.65
: VMX: 44

Grand Total 18.05 9.85 45%
Total System VME: 19.00 '
(Data Access) VMX: 5.50

Total ICs Replaced: 72

e OO S DU Ll

— e e e e e e e

"4 AtEnd
SR e ~| otBus

-100.000 ns : 0.00000 s 100.000 ns

Ch. 1 = 4.008 volts/div Offset = 4,000 volts
Ch. 2 = 4,000 volts/div Offset = 2.800 volts
Timebase = 20.0 ns/div Delay = 0.00000 =
Ch. 1 Parameters Freq. = 15,9642 MHz

Fig. 8 - Signal reflctions, 3 cards.
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Method of Measurement of

Simultaneous Switching Transient

With the introduction of advanced CMOS logic, the design
engineer is required to follow a set of design, layout, and
measurement rules with which he may have had little
experience unless he has a substantial RF hardware
background. The design engineer is faced with logic
operating frequencies in excess of 125 MHz and edge rates
of 5 ns and under. This high-speed operation leads to
dealing with frequency components up to 500 MHz and the
treatment of interconnections as transmission lines. He
must follow not only printed-circuit board and circuit
design rules for logic, but a new set of rules thatencompass
logic, RF, ECL, and analog technologies. He must aiso be
aware of the hazards of RF| and switching noise that can
occur in his design. These considerations are seldom
taught in school; they are learned primarily through
experience. The intent of this note is to guide the design
engineer in the preferred method of measurement of the
simultaneous switching transient, which also goes by the
name “ground bounce effect”. This measurementis difficuit
for accuracy and repeatability because it is an RF type of a
measurement and many variables come into play that are
masked in logic systems of lower speed and longer transition
time. The following information and test methods will
permit the engineer to measure this transient accurately
and with repeatability. Topics discussed include an example
of agood RF quality test fixture, proper equipment, best and
worst case Vor measurement, test circuit schematics,
power supply requirements, methodology, and actual
measured data.

Preparation

The measurement of the simultaneous switching transient
requires a very-good RF quality fixture. The layout is
required to follow the design rules for frequencies ranging
from 100 MHz to as high as 500 MHz. The fixture must add
minimal noise due to interconnections and ground loopsin
order to not distort the transient puise generated by the |C
chip and its package. Poor RF fixturing causes ground lift,
which can add as much as 0.5 V or more to the reading.

The circuit schematic in Fig. 1 is for octal types. Itincludes
seven outputs switching simultaneously into a 50-pF load,
which is considered to be the worst-case condition, while
the eighth input is held either low or high placing the output
into a high or low state, respectively. This test circuit (50 pF
+ 500 ohm) is the AC/ACT industry standardized AC test
load. The 47-pF capacitor allows for 3 pF of additional
capacitance to be contributed by the scope probe or coaxial
connections. GE/RCA testing for “ground bounce” or Vore
is performed for the worst-case conditions without the 500-
ohm load that discharges some of the stored capacitor
energy externally and not through the 1C ground return
path, which is significant. Inclusion of the 500-ohm resistor
would unnecessarily decrease the maximum Vo reading
by about 50 mV. Because CMOS inputs are purely capacitive,
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there is no good reason to make the readings 50 mV lower
through the use of the 500-ohm load. The eighth output is
monitored with a scope and the peak amplitude of the
positive transient above VoL is measured (Vorr); or the
negative transient below Vow is measured (Vonv). See the
waveforms in Fig. 1 (b).

500 OHMS
47 pF

3

500 OHMS
47 oF
500 OHMS
47 oF
500 OHMS
SIMULTANEOUS
SWITCHING INPUT 47 PF
GND >—_l. > *
= 500 OHMS
47 pF

> [
N
T
"
[

500 OHMS
= —
500 OHMS
Vee 47 pF
T R T
= 500 OHMS
47 pF
= = 92C$-42758
(8

GROUND BOUNCE INDUCED TRANSIENT

1 our ——‘_-

VoLP
8TH OUTPUT —_ \ VoL

Ve BOUNCE INDUCED TRANSIENT
7 OUTPUTS I
N VoH
8TH OUTPUT
© -Vouv

Fig. 1 - Test circuit and waveforms of simultaneous switching
transient (ground b ).
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The major concern of the design engineer is the Vour or low
output level. Tolerance of this noise voltage is highly
dependent on the switching threshold and noise margin of
the logic circuits connected to the output of the device. With
the CMOS switching threshold (typically 50% of Vcc) there
is usually not enough energy in this pulse to cause false
switching. More critical is when the logic inputs connected
to the device switch at TTL thresholds (typically 1.5 V).
Consequently, in order to generate Vop data as accurately
as feasible, deletion of the 500-ohm external capacitor
discharge load is recommended.

Fixture Layout and Design

The fixture used in the testing of “ground bounce” is
designed to be as simple and low cost as possible but
follows some elementary RF rules. The printed circuit board
(PCB) is double-sided glass epoxy made of FR-4 material,
2-ounce copper, with no solder mask. At these frequencies
the solder mask could add leakage paths to the PCB. One
side of the PCB is primarily ground plane; the other side
handles the very short connections from the IC pins to the
load capacitors. The value of the load capacitors is 47 pF.
The total load capacitance per output is 47 pF plus 3 pF of
stray capacitance for a total of 50 pF. The capacitors should
be either the monolithic ceramic type with very short leads
or chip capacitors. If 500-ohm resistors are also used, chip
resistors are recommended. The layout of the PCB is shown
in Fig. 2.

ACL dvsdt TEST FIXTURE
AC240 WORST CASE

ICAN-8754

The IC under test is soldered into the board to minimize any
added inductance, which sockets or socket pins would
cause, thus exactly duplicating the inductance of the
preferred application connection. The signal input to the
board is terminated in 50 ohms to match the output of the
pulse generator. Driving seven_ inputs with one pulse
generator has the advantage of providing essentially no
skew between the seven simultaneously switched stages.
However, the seven stages load the pulse generator and
increase the input rise time a little, but itis kept well under3
ns, which is the recommended input rise time. The alternate
would be to use seven synchronized pulse-generated
signals, which would tend to make ground bounce readings
appear lower because of the spreading of the switching
currents of the seven individual stages due to some skew
between the seven drive pulses. Power supply leads into the
board must be kept as short as possible and twisted. The
+5-volt supply is bypassed by both an electrolytic and a
ceramic capacitor. The Vcc pin of the IC is also bypassed
with a 0.1-uF ceramic capacitor. These precautions are
necessary to minimize any effects of poor transient
regulation in the power supply. Fig. 3 is the schematic of
this recommended PCB worst-case ground bounce fixture.

During the assembly of the fixture, the least possible
amount of solder should be used on each joint. The PCB
should be cleaned well to remove all remaining flux. The
output at which the ground bounce measurement will be
taken should use a probe tip jack, with the ground of the

Fig. 2 - Physical layout of PCB test fixture.

Vee
<<
+5V
22 uF = SR 0.1 uF
Vee SCOPE PROBE ON
2045V
WORST CASE OUTPUT
GND >— 470F .
4 8
= 1,03
4 47PF| > SCOPE PROBE GND
LAY
s , 470
. LAY
1 9 4TPF
SIGNAL R 3
\NPUT 13 AC240 7 4T0F
A
50 OHM 13 5 470F
GND 17 3 ‘= oF
= 4 16 47 PF
1 10GND
0.1 pF
= 92CS-42760

Fig. 3 - Schematic of ground bounce test circuit (worst-case condition).
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jack referenced to the ground pin of the IC and the tip of the
probe right at the output pin. This arrangement avoids any
ground loop effects. If the proper probe is not available, the
use of direct connections to the scope through a 50-ohm
coaxial cable in series with a 450-ohm resistor is an
alternative technique providing correlation within about 50
mV. The reduced ioading of the 10000-ohm, 2-pF probe is
considered more “real world” for high-impedance CMOS
transient environments.

Equipment Required and Setup

1. The power supply must have good transient regulation
so that the supply rails do not move around during
switching. The supply should have added bypass
capacitance at its output terminals of 1000 4F in paralle!
with a 0.1-uF ceramic disk to prevent any added ground
bounce resulting from poor supply regulation.

2. The pulse generator should have a 50-ohm outputand a
rise and fall time of under 3 ns measured at the input of
the device under test in place. The switching test
frequency is set to 1-MHz output frequency.

3. The scope bandwidth should be at least 750 MHz and
active probes with a similar bandwidth specification are
required because of the edge rates.

4. Adigital voltmeter with resolution down to 10 mV should
be used to monitor the power supply voltage set for the
reading.

5. A digital thermometer should be used to record the
ambient temperature at the time of reading. The reading
of ground bounce changes with temperature because
the gain of MOS ICs changes with temperature.

Measurement Technique

The power supply, oscilloscope, pulse generator, and the
meters should follow this warm-up procedure.

1. To allow for any drift, turn on the power supply at least
one-half hour before the reading is taken.

2. Set the pulse generator output to a 1-MHz, 5-V output
into a 50-ohm load.

3. With the pulse generator connected to the fixture and the
test ICin place, adjust the rise and fall time to 3 ns or less.

4. Measure and record the ground bounce due to the PCB
alone.

Type: AC240
Worst-Case Value 1.06 volts
Best-Case Value  0.72 volts

Type: FAST F240

Worst-Case Value 1.05 volts
92CS-42757

Fig. 4 - Measured values of VoLr made on an AC240 Octal-Buffer
Line Driver, 3-State device and on a FAST F240.
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A good PCB from the standpoint of ground bounce should
have a bounce voltage of under 100 mV measured directly at
the IC ground return pin. The actual ground bounce effect,
measured at the 8th output pin‘under test, includes this PCB
ground bounce component.

All measurements of ground bounce used for comparison
purposes should be taken under the same conditions; the
power supply voltage, pulse generator frequency and
transition time should be identical. The ambient temperature
should be identical within 3 degrees C because logic
speeds and RF leakage change with temperature.

Example Measurements

Fig. 4 gives results of ground bounce tests made on
Advanced CMOS Logic types using the above fixture and
methods. Tests were run on both the best-case output pin
(closest to the IC's ground pin) and the worst-case output
pin (the pin furthest from the ground pin). A comparison
with a FAST 240's worst-case output pin was also made. Fig.
5 shows these results in detail as displayed on the
oscilloscope.

It should be noted that the measurement of ground bounce
is a difficult and time-consuming task, but accurate and
reliable measurements can be made by following the above
recommendations. Differences in the readings fromICto IC
can be * 200 mV. Any comparison of IC's should take this
variation into consideration.

AC240

1 VOLT/DIV.
TIMEBASE = 10 ns/DIV.

AV = 1,080 VOLTS
AV = 1.050 VOLTS

f
Dz _ac2s
\

400 MVOLTS/DIV. AV = 0.72 VOLTS

TIMEBASE = 10 ns/DIV.

92CS-42759

Fig. 5 - Simultaneous switching transient waveforms.
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FCT CMOS Logic Optimized for Backplane Interface

We are now at a new threshold in CMOS design capability,
adding enhancement features and modifying the basic
technology to support bipolar adaptations. Our purpose in
this Note is to look at bus drive requirements and the
advantages to be gained by applying these new techniques
to a modified CMOS structure. A newly developed RCA
FCT logic design is primarily a CMOS structure having the
advantages needed to drive a VME-bus backplane bus.

Much has been said about the advantages of Advanced
High-Speed CMOS Logic devices as bus drivers for a VME
bus or equivalent bus system. The basic advantages of
CMOS in any high-performance system application are well
known. The speed capability developed in the new families
of AC/ACT and FCT is now second only to that of the ECL
and Gas$ technologies. The classic qualities of CMOS low-
power consumption and excellent noise immunity cannot
be overstated. The wide operating-temperature range of
CMOS with minimal change in electrical characteristics is
important to the performance and reliability of any system.
These merits have been demonstrated in HC/HCT versus
LSTTL logicand AC/ACT versus FAST logic. These qualities
are retained in the latest RCA FCT logic circuits.

VME-Bus Conditions

While the specifications for a VME bus, such as the one
illustrated in Fig. 1, are defined for bipolar integrated
circuits, no restrictions are placed on the use of any
technology that can produce equal or better results. The
application techniques for AC/ACT logic driving the VME
bus or an equivalent data bus system have been explored.
AC/ACT logic does have considerable application potential,

SRAM-1 8101 PWR-09
128K EXTERNAL 6-CHANNEL POWER SUPPLY
RAM CARD /O CARD
VME BUS [
L} VMX BUS b}
SY$88K
CPU-20
SLAVE CARD
68020 GARD 512K MEMORY
2ICH-40008

Fig. 1 - VME-bus system block diagram.

By W. Austin and B. Petryna

but also has limited drive capabliity. AC/ACT logic is
defined for 24-mA sink and source drive, while the VME-bus
specifications call for 48 and 64-mA sink current to drive
several of the backplane lines. The VME bus may have as
many as 21 slots spaced over 500 mm (19.7 inches), with 2
pF (no load) to 20 pF per slot. The combined capacitance
loading and low characteristic impedance of each bus
“stripline” gives rise to the need for high current drive to
support the high-speed data rates of the bus.

The bus tolerance specifications for power-supply voltage
are relatively tight, giving rise to another bus design
problem. it must be recognized that imbalance in power
supplies does exist. Imbalance may occur with deteriorating
conditions of contact resistance or separate system power-
supply changes and any irregular conditions that produce
transients on the line. The imbalance, if sufficient, can
overdrive protection and substrate diodes at the input and
output of CMOS devices. While the problem can be resolved
by various design techniques, “bus hang-up” resulting from
power-supply imbalance can be resolved more directly by
the use of RCA FCT logic circuits. On-chip circuit design
features include current-blocking diode junctions to prevent
differential-power-supply imbalance problems.

A VME-Bus Model

The VME-bus lines may be characterized by a given set of
modeling information. As shown in Fig. 2(a), if we use a
microstrip circuit element0.1inch in length, each PC board
microstrip element of line has 0.129 pF of shunt capacitance
and 1.561 nH of series inductance, for which the line
characteristic impedance (Zo) is:

Zo = (L/C) exp 0.5
= (1.561 nH/0.129 pF) exp 0.5
=110 ohms

And, as a model to determine drive requirements, a siot-to-
slot segment consists of eight sections of the 0.1-inch
element. If we include the 2 pF per empty slot on the VME-
bus line as a distributed capacitance, the Zo becomes 64
ohms. VME-bus rules state that the characteristic impedance
for each unloaded “microstrip-line” is recommended to be
approximately 100 ohms, not including slot capacitance
loading. The backplane as a line may be configured by
choice as end driven or center driven, although some slot
positions, such as the system clock driver (specified to siot
no. 1) are predetermined. Various configurations are shown
in Figs. 2(b) and 2(c). For the purposes of modeling, the siot
load is identified as an occupied slot with the characteristics
shown in Fig. 2(d).

ICAN-8809
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Fig. 2(a) - Cascade of 0.1-inch microstrip-line elements used to simulate each 0.8-inch of a slot-to-slot line segment.
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Fig. 2(b) - Test-circuir simulation model for an end-driven VME-bus line: unloaded (top) and loaded (bottom).

While the configuration described in Fig. 2 was established
for modeling, itis our intent here to note the performance of
the RCA FCT versus AC/ACT and FAST line drivers in this
representative system. Using a defined number of slots as
- loads on the VME bus, the performance characteristics of

the RCA FCT line drivers in a VME-bus application are
shown. :

The line terminations are defined for both ends of the VME
bus as 330 and 470 ohms in series or a Thevenin equivalent
of 2,94 volts and 194 ohms. It is readily apparent that the
resistive load is a major concern for power requirements on
the bus. FCT and CMOS bus drivers may be designed to
have only a few ohms of channel resistance to meet the bus
drive-level requirements and, by the defined standard,
imitate the bipolar characteristics as a bus driver. The
standard VME-bus termination is shown in the circuit of Fig.
3.
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As noted, when capacitance is added at the distributed slots
in the backplane, we are effectively changing the Zo of the
line. With more distributed line capacitance, the Zo of the
line is lower, making the line termination a greater (higher)
mismatch in impedance. This increased mismatch, and
irregular loading, will cause more line reflections. It is a
primary concern here to show that the reflections, as well as
ringing and other noise on the line, does not exceed a
specified level of noise immunity while still meeting the
timing requirements of the line. The device selected to
demonstrate the VME-bus drive capability is the FCT 240.
The structure we have chosen for demonstration is a
standard VME backplane with nine siots filled. A block
diagram of the test fixture is shown in Fig. 4.

Differential Power-Supply Problems

Power-supply imbalance on the VME bus may cause the
bus to hang up when drivers operate from unequal power-
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Fig. 2(c) - Test-circuit simulation model for a
center-driven VME-bus line: unioaded
(top) and loaded (bottom).
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92C5-43027

Fig. 2(d) - CMOS-equivalent slot load on the
bus line.
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Fig. 3 - Standard VME-bus termination.
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FCT240 RECEIVER
FCT240 RECEIVER
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FCT240 RECEIVER S g §
DIFF. P.S. TEST MODULE ? .ﬁ ©
g <33

FCT240 RECEIVER

FCT240 RECEIVER

FCT240 RECEIVER

FCT240 RECEIVER

5 V POWER SUPPLY

Fig. 4 - Block diagram of the VME-bus
backplane test chassis.

supply levels across the length of the bus. For obvious
reasons, the specifications for the power supplies must be
very tight. The bus tolerance specification for the +5 volt
supplies are +0.25/-0.125 voit. However, under stress
conditions with added voltage drop in the contacts and
lines, it is probable that some switching conditions will
cause the line voltage to exceed the standard power-supply
tolerance and the nominal IC specification of Ve + 0.5 volts.
Nearly ail computer systems have board-to-board or frame-
to-frame power-supply differences, which can cause bus-
driver problems. There are various ways to accommodate
this imbalance, such as the use of diodes to prevent
excessive current when on-chip diode junctions are
reversed. Where AC/ACT or HC/HCT CMOS is used, the
common technique illustrated in Fig. 5 may be used to
prevent reverse current through the IC.

While line drivers may be designed with CMOS technology
to meet all specified signal switching levels for the VME bus,
and avoid power supply problems by using the blocking
diodes of Fig. 5, the technique may be regarded as a
problem fix and not a design solution. All line receivers or
operational transceiver devices require the protection
because of the potential problem at the receiving end of the
line. Drawbacks are noted with the use of diodes, such as
the need for low forward-voltage drop equivalent to the
Schottky barrier diodes. The diode adds to the power-
supply tolerance problems and reduces the noise immunity
of the system. Still, this does not change the fact that
standard CMOS designs have input and output diodes that
will reverse when overdriven. And, without protection, the
condition of overdrive on the bus can cause hangups and
timing-delay problems, as well as overdissipation.

The design of RCA FCT output driver structures includes
protection to prevent driver interfaced loading on the bus
during wide ranging of power-supply differential volitage.
Given a separate supply for an FCT-loaded line driver,
variations of zero to maximum Voo will not cause the
backplane line to be loaded. Measurement resuits verify the
design goals as noted above.

3400S
0LIPSdH
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RCA FCT Circuit Description

The requirements for backplane interface applications are
similar to those associated with a bipolar transistor circuit
(i.e., speed, high drive current, and limited voltage swings).
Although small geometry CMOS devices can meet the
performance criteria of bipolar devices, the inherent rail-to-
rail output-voltage swing of CMOS devices generates
greater switching noise and reflected energy in a bus
environment. The electrical requirements for the RCA FCT
output buffer circuit are: i

1. High outputsink current (lo. = 64 mA for commercial/mili-
tary grade) so that the output voltage swing is monotonic
to the input threshold voitage (V. max.).

2. Reduced voitage swings and controlied output edge
rates to minimize noise generation and reflected energy.

3. Output/input isolation to Vec to eliminate difterential
power-supply problems where devices may be powered
through input/output structures. :

4. Low quiescent power dissipation similar to that of a pure
CMOS device.

These requirements are satisfied by the RCA FCT output
buffer design illustrated in Fig. 6. The description of the
output circuit can be divided into two parts, the pull-up and
the pull-down circuit. The pull-up circuit consists of two
active elements, an NMOS and n-p-n transistor. The NMOS
transistor is the switching element that pulls the output
from the Vo. through the output switch point (1.5V). The
n-p-n transistor is the output-voitage-level element that
limits the Vou level to 2 Vee below the supply voitage. This
puli-up circuit configuration isolates Vec from the output.
The pull-down circuit consists of a distributed NMOS,
which is turned on sequentially to control the switching
current transients and the output skew rate (dv/dt). This
control is combined with alimited voltage swing to minimize
switching noise and reflected energy on the backplane.

] o—{[nmos —[Nmos
—I>— =

TO OTHER OUTPUTS

92CS-43038

Fig. 6 - Logic diagram of the RCA FCT driver circuit.
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Measured Drive Data

To establish measured capability for the simulated FCT
VME bus driver, the simuilation curves of Fig. 7(a) were run
with alternate slots loaded to show significant points of
comparison in typical curves. Theoretical results show that
the end of the line drives to a higher level than the input if the
matching impedance is higher than the characteristic
impedance. Thisis the case in Fig. 7(a) where slot 21 shows

TVoo=35V
8|
5 1+ -
>
4 2
= 1] ¥ 1
g "_{ ”WT 1 } B ¥ 1
:‘ R4 T ]
t H HHH
22 e L am Bam ide 1)
2 F:;F‘: cHHS
Q.
Q. ) & A 98 ) T
1 4
5‘1 I I T AH n
of
5t THHH mumay N
1T 1T ] 0T
1T 11 (11 o 3 1T
1T 11 4 | ITTT
5 10 15 20 10 20

TIME — ns —> INPUT 92CS-43028

Fig. 7(a) - VME-bus simulated curves for
typical conditions with loading
in the odd-numbered slots.

levels rising to an overshoot of more than 5 volts with some
ringing. It is fok4fis reason that FCT switching levels are
typically 3volts. Similar resulits occur in the negative step as
the output goes below the ground level, but is otherwise
clamped by the load diodes. Fig. 7(b) is added to show a
fully loaded VME bus; waveforms are shown for slots 1, 11,
and 21. This is a worst-case condition for the same
simulation parameters used to drive the bus. Due to the
added foading, the overshoots are less, but the settling time
is longer. It should be noted that a fully loaded bus is not
common design practice because of close spacing and
mechanical size limitations.

Another sighificant point of comparison is the initial and
final settling levels of the input step for both directions of

Vpp=4.5V
;’- (8) SLOT #2-20 UNLOADED (2 pF) 111
3 PUT/ HEHH O

> 2t H H #1 3]

[ ® 2na s|'o.l.l_.L:_I‘ n TIT

w

£° #10-1H INPUT X H

=} #21 1T INEERSNESER)

- 1T AN SERESSNEEEAN

= 5 = T AT

3 FLFH1 (b) ALL SLOTS LOADED (22 pF)

S ‘HHineun ¥211]
At +3 11 3 )_‘
CY 1 1y
2 L 19 N
1 H FiA#2111 # ! —
[ e 1T 55 sa

""Il 17 INMH['\_ 11 111
T scor et TR
T1T INENE! 11 L1 11T
0 5 10 15 20 0 10 20

Fig. 7(b) -~ Worst-case VME-bus simulation
plots: unioaded (top) and all slots
loaded (bottom).
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switching. On the rising edge of the puise, an initial setup
level of change occurs before finally settling to the high
pull-up level. This transitional change is less as we move
further down the bus line. When the change is in the
negative direction, similar undershoot or overshoot occurs,
depending on the position on the line. Sufficient drive
requirement is needed at line drive input to pull the negative
transition firmly to ground without a ringing bounce on the
line. The initial step change must stay below the specified
Vi level for TTL, a condition that may be difficult to meet if
the driver is not designed for 64 mA of sink current.

Measured comparisons of FCT240, F240, ACT240, and
IDT240 drivers are shown in Figs. 8 through 11, where 8(a),
9(a), 10(a), and 11(a) show loaded (see Fig. 4) and 8(b),
9(b), t0(b), and 11(b) unloaded conditions. In this set of
measurements, the VME bus chosen for test had resistive-
load terminations in slots 1 and 21, a driver in slot 2, a
receiver in siot 20, and loads in the even slots, but no plug-in
module at siot 16.

The FCT240 data is similar to that of the simulated condition,
but with less ringing and at a lower frequency. The rise-time
edge rates for all waveforms are much less than the normal
delay time for the VME bus as shown, which is about 8 ns
loaded and 5§ ns unloaded. The rising edge exceeds the 5V
supply level to about twice the input drive level; similar
conditions on the falling edge show a negative transition to
about -1 volt. Protection diodes at the input provide
clamping, which dampens any negative swing.

The F240 curves of Figs 9(a) and 9(b) show similar results
except for more damped conditions due to the inputioading
characteristic of the bipolar devices. The rise time is
somewhat slower than the FCT and the propagation delay is
noted to be essentially the same as for the FCT. In general,
the F240 and FCT240 have similar characteristics except for
the faster rise time and the peak voltage swing for the FCT
device.

The performance of the ACT device is shown in Fig. 10 for
comparison. The performance of the ACT240 is similar to
the F240 and FCT240 for the VME-bus test fixture used.
Under the loaded conditions shown, the trailing edge is
slower to settle to zero. The rising edge pull-up is much
stronger, which for most switching applications is an
advantage. As a driver for the VME bus, under loaded or
loaded-line conditions, the ACT output reaches a level of
7.5 volts. This value is marginally over the maximum Vpp
ratings. The use of a dropping diode in the Voo line should
serve as a means to keep the maximum positive level within
ratings, as well as to resolve any differential-power-supply
system problems.
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Figs. 8 to 11 - VME-bus /¢ paring line dri (Fig. 4 test fixture):

Channel 1 (top) = 2.5 V/div (vertical)
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Timebase = 15.0 ns/div (horizontal)

(a) Backplane with even slots loaded; driver slot 2 (top waveform);
receiver slot 20 (bottom waveform)

(b) Backplane with slots 3 to 19 unloaded; driver siot 2 (top waveform);
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Dimensional Outlines

Dual-In-Line Plastic Packages

g — Notes:
BASE PLANE ﬂ- 04 1. Referto JEDEC Publication No. 95 JEDEC Registered and

SEATING PLANE | I
INDEX AREA J 1.
. 8y Ralad ] o
2 3 a

Pl § 4

(E) Suffix (JEDEC MS-001-AC)

Standard Outlines for Solid State Products, for rules and
g { informati ning reglistered and dard
outlines, in Section 2.2.

2. Protrusions (flash) on the base plane surface shall not
exceed 0.010 in. (0.25 mm).

3. The dimension shown is for full leads. “Half” leads are
optional at lead positions

N N
€ 1, N, 2 201
4. Dimension D does not include mold flash or protrusions.
Mold flash or protrusi shall not d 0.010 In. (0.25
mm).
5. E is the di lon to the outside of the leads and is

measured with the leads perpendicular to the base plane
{zero lead spread).

14-Lead Dual-In-Line Plastic Package 6. Dimension E4 does not include mold fiash or protrusions.
7. Package body and leads shall be symmetrical around
INCHES MILLIMETERS center line shown In end view.
YMBOL MIN. MAX. MIN. MAX. NoTES 8. Lead spacing e shall be non-cumulative and shall be
A — 0.210 — 5.33 9 measured at the lead tip. This measurement shall be made
belore insertion into gauges. boards or ket
M 0.015 . 0.39 ® 9. This is a basic installed di lon. M. t shall be
Ay 0.115 0.195 293 4.95 made with the device Installed in the seating plane gauge
8 0.014 ( 0.022 0.356 0.558 (JEDEC Outline No. GS-3, seating plane gauge). Leads
By 0.045 0.070 1.15 177 3 shall be in true position within 0.010In. (0.25 mm) diameter
c 0.008 | 0.015 0.204 0.381 1 for ;’"ﬂ;"ﬂon eA- " .
‘ . ep Is the di fon to the outside of the leads and is
A .7 . X
o 0.725 0.795 18.42 2019 4 measured at the lead tips before the device is Installed.
D4 0.005 - 013 - 12 Negative lead spread is not permitted.
E 0.300 0.325 7.62 8.25 5 11. Nis the i ber of lead positi
Eq 0.240 0.280 6.10 711 6,7 12. Dimension D1 at the left end of the package must equal
e 0.100 BSC 2.54 BSC 8 dimension D at the right end of the package within 0.030
ea 0.300 BSC 7.62BSC 9 In. (0.76 mm).
0.430 10.92 10 13.- For automatic insertion, any raised irregularity on the top
‘s - - - - surface (step, mesa, etc.) shall be symmetrical about the
L 0.115 0.160 293 4.08 9 1 | and longitudinal " 2aril
N 14 14 1
92CS-39901
(E) Suffix (JEDEC MS-001-AA) (E) Suffix (JEDEC MS-001-AE)
16-Lead Dual-In-Line Plastic Package 20-Lead Dual-In-Line Plastic Package
| INCHES MILLIMETERS L INCHES MILLIMETERS
NOTES YMBOL NOTES
YMBOL MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX.
A - 0.210 _ 5.33 9 A - 0.210 - 5.33 9
Ay | 0015 - 0.39 - 9 Ay | 0015 - 0.39 - 9
Ay 0.115 0.185 2.93 4.95 Ay 0.115 0.195 293 4.95
B 0.014 0.022 0.356 0.558 B 0.014 0.022 0.356 0.558
By 0.045 0.070 1.15 177 3 By 0.045 0.070 1.15 177 3
[ 0.008 0.015 0.204 0.381 Cc 0.008 0.015 0.204 0.381
D 0.745 0.840 18.93 2133 4 D 0.925 1.060 235 26.9 4
Dy | 0.005 - 0.13 - 12 Dy | 0.005 - 0.13 - 12
E 0.300 0.325 7.62 8.25 5 E 0.300 0.325 7.62 8.25 5
Eq 0.240 0.280 6.10 7.1 6,7 Eq 0.240 0.280 6.10 7.1 6,7
e 0.100 BSC 2.54 BSC 8 ° 0.100 BSC 2.54 BSC 8
ep 0.300 BSC 7.62BSC 9 (7Y 0.300 BSC 7.62BSC 9
epg _ 0.430 - 10.92 10 g - 0.430 - 10.92 10
L 0.115 0.160 2.93 4.06 9 L 0.115 0.160 293 4.06 9
N 16 16 1 N 20 20 1
92CS-39900 92CS-39997
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Dimensional Outlines

(E) Suffix (JEDEC MS-001-AF)
24-Lead Dual-in-Line Plastic Package

I

BASE PLANE
SEATING PLANE * o oAy !
R
L
INDEX Anea e ., _t
84
- 1 p >
TI
s € w
. “=>
Notes: .

1. Referto JEDEC Publication No. 95 JEDEC Registered and
Standard Qutlines for Solld State Products, for rules and
general information concerning registered and standard
outlines, in Section 2.2.

2. Protrusions (flash) on the base plane surface shall not
exceed 0.010 in. (0.25 mm).

3. The dimension shown is for full leads. “MHalf" leads are
optional at iead positions

1N, N !ﬂ.
2 2

4. Dimension D does not include mold flash or protrusions.
Mold flash or protrusions shall not exceed 0.010 in. (0.25
mm).

S. E is the di lon to the outside of the leads and Is
measured with the leads perpendicular to the base plane
(zero lead spread).

6. Dimension E{ does not include mold flash or protrusions.

7. Package body and leads shall be symmetrical around

Dual-In-Line Plastic Packages

INCHES MILLIMETERS
kvuam MIN. | MAX. MIN. max._|VOTES
A - 0.210 - 5.33 9
Ay | 0015 - 0.39 - 9
Ay | 0115 | o195 293 4.95
8 | 0014 | 0022 0.356 0.558
B, |0045 [ o0.070 115 177 3
Cc |o0008 | 0015 0.204 0.381
D 1125 | 1275 286 323 4
D; | 0.005 - 0.13 - 12
E | 0300 | 0325 7.62 8.25 5
E; (0240 | o0.280 6.10 711 6,7
0.100 BSC 254 BSC ]
ep 0.300 BSC 7.62BSC 9
ep - 0.430 - 1092 10
0115 | 0.160 293 4.06 ]
N 24 2 1
92Cs-39943

10.

1"
12,

13.

. This is a basic i

center line shown in end view.

. Lead spacing e shall be non-cumulative and shall be

measured at the lead tip. This measurement shall be made
before insertion into gauges, boavds or sockets.

talled di M shall be
made with the device installed in the seating plane gauge
(JEDEC Outline No. GS-3, seating plane gauge). Leads
shall be in true position within 0.010in. (0.25 mm) diameter
for dimension ep.

eg is the di ion to the ide of the leads and is
measured at the lead tips bef. the device is installed
Negative lead spread is not permitted.

N is the { ber of lead positi

Dimension D1 at the left end of the package must equal
dimension D4 at the right end of the package within 0.030
in. (0.76 mm).

For automatic insertion, any raised irregularity on the top
surface (step, mesa, alc ) shall be symmetrical about the
1 | and longitudi

tarli
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Dimensional Outlines

Dual-In-Line Small-Outline Plastic Packages

B ) 2 RN ) X
E

[S]. 10 .ooa)c]

-
K=ol A

Godooley I/
e
.25 (.010) WP[E B2 Q)

M Suffix (JEDEC MS-012AB)
14-Lead Dual-In-Line Small-Outline (SO) Package

SEATING PLANE

NOTES:

1. Refer to applicable symbol list.

2. Dimensioning and tolerancing per ANSI Y14.5M-1982.

3. “D” Is a reference datum.

4. “A” and “B" are reference datums and do not include
mold flash or protrusions. Mold flash or protrusions
shall not exceed 0.15 mm (0.006 in.).

The chamfer on the body Is optional. If it is not present,
a visual index feature must be located within the cross-
hatched area.

6. “L” Is the length of terminal for soldering to a substrate.
7. “N” Is the number of terminal positions.

8. Terminal numbers are shown for reference only.

9. Controlling dimensions: MILLIMETERS.

L4

M Suffix (JEDEC MS-012AC)
16-Lead Dual-In-Line, Small-Outline (SO) Package

INCHES MILLIMETERS INCHES MILLIMETERS
YMBOLI—GiN. T MAK. MiN. | MAX. | O e prmsoL MIN. | MAX. MIN. | WA | O
A 00532 | 0.0688 135 175 A |00532 | 0.0668 135 175
A, |0o00s0| oo0s8 | o.10 0.25 A, |0o00s0| oo0ss | 0.0 025
B |00138 | 0.020 0.35 0.508 B |00138 | 0.020 0.35 0.508
c |ooors | ooos8 | o019 | o025 c |ooors | oo0oes | 0.9 025
D |03367 | 0.3444 855 8.75 4 D [o03859| 03937 | 980 | 10.00 4
E |0.1497 | 01574 3.80 4.00 s E |o014s7 | 01574 | 380 4.00 4
. 0.050 BSC 127 88C o 0.050 BSC 1.27BSC
H |o2284 | 02440 | .80 6.20 M |02284 | 02400 | .80 6.20
h |000s0 | o016 | o025 | 050 5 h |ooc0se | oo1s6 | o.25 050 5
L |oo16 | o.os0 0.40 127 6 L |o018 | 0.050 0.40 127 6
N 14 14 7 N 16 18 7
« | o 8 o | e « | o 8 o | &
Notes: 1,2,3,8,9 92C5-38924R2 Notes: 1,2,3,8,9 92CS-38925R2

M Suffix (JEDEC MS-013AC) }
20-Lead Dual-In-Line Small-Outline (SO) Package

M Suftix (JEDEC MS-013AD)
24-Lead Dual-In-Line Small-Outline (SO) Package

INCHES MILLIMETERS INCHES MILLIMETERS
YMBOL MIN. MAX. MIN. MAX. NoTES kYMBOL MIN. MAX. MIN. MAX. NoTES
A 0.0926 0.1043 235 265 A 0.0926 0.1043 235 265
A1 0.0040 0.0118 0.10 0.30 A1 0.0040 0.0118 0.10 0.30
B 0.0138 | 0.020 0.35 0.508 B 0.0138 | 0.020 0.35 0.508
[ 0.0091 0.0125 0.23 0.32 [+ 0.0091 0.0125 0.23 0.32
D 0.4961 0.5118 12,60 13.00 4 D 0.5985 0.6141 15.20 15.60 4
E 0.2914 0.2992 7.40 7.60 4 E 0.2914 0.2992 7.40 7.60 4
e 0.050 BSC 1.27 BSC e 0.050 BSC 1.27 BSC
H 0.394 0.419 10.00 10.65 H 0.394 0.419 10.00 10.65
h 0.010 0.029 0.25 0.75 5 h 0.010 0.029 0.25 0.75 5
L 0.016 0.050 0.40 127 6 L 0.016 0.050 0.40 127 6
N 20 20 7 N 24 24 7
x o | e [ « oo | s oo | e
Notes: 1,2,3,8,9 92CS-38926R2 Notes: 1,2,3,8,9 92CS-39037R2
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