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A Corporate Dedication to 
Quality and Reliability 

National Semiconductor is an industry leader in the 
manufacture of high quality, high reliability integrated 
circuits. We have been the leading proponent of driv
ing down IC defects and extending product lifetimes. 
From raw material through product design, manufac
turing and shipping, our quality and reliability is second 
to none. 
We are proud of our success ... it sets a standard for 
others to achieve. Yet, our quest for perfection is on
going so that you, our customer, can continue to rely 
on National Semiconductor Corporation to produce 
high quality products for your design systems. 

Charles E. Sporck 
President, Chief Executive Officer 
National Semiconductor Corporation 



Wir fUhlen uns zu Qualitat und 
Zuverlassigkeit verpflichtet 

National Semiconductor Corporation ist fOhrend bei der Her
stellung von integrierten Schaltungen hoher Qualitat und 
hoher Zuverlassigkeit. National Semiconductor war schon 
immer Vorreiter, wenn es gait, die Zahl von IC Ausfallen zu 
verringern und die Lebensdauern von Produkten zu verbes
sern. Vom Rohmaterial Ober Entwurf und Herstellung bis zur 
Auslieferung, die Qualitat und die Zuverlassigkeit der Pro
dukte von National Semiconductor sind unubertroffen. 

Wir sind stolz auf unseren Erfolg, der Standards setzt, die 
fOr andere erstrebenswert sind. Auch ihre Anspruche steig
en standig. Sie als unser Kunde konnen sich auch weiterhin 
auf National Semiconductor verlassen. 

La Qualite et La Fiabilite: 
Une Vocation Commune Chez National 
Semiconductor Corporation 

National Semiconductor Corporation est un des leaders in
dustrials qui fabrique des circuits integres d'une tres grande 
qualite et d'une fiabilite exceptionelle. National a ete le pre
mier a vouloir faire chuter le nombre de circuits integres 
defectueux et a augmenter la duree de vie des produits. 
Depuis les matieres premieres, en passant par la concep
tion du produit sa fabrication et son expedition, partout la 
qualite et la fiabilite chez National sont sans equivalents. 

Nous sommes fiers de notre succes et le standard ainsi 
defini devrait devenir l'objectif a atteindre par les autres so
cietes. Et nous continuons a vouloir faire progresser notre 
recherche de la perfection; ii en resulte que vous, qui ~tes 
notre client, pouvez toujours faire confiance a National 
Semiconductor Corporation, en produisant des systemes 
d'une tres grande qualite standard. 

Charles E. Sporck 

Un lmpegno Societario di Qualita e 
Affidabilita 

National Semiconductor Corporation e un'industria al ver
tice nella costruzione di circuiti integrati di alta qualita ed 
affidabilita. National e stata ii principale promotore per l'ab
battimento della difettosita dei circuiti integrati e per l'allun
gamento della vita dei prodotti. Dal materiale grezzo attra
verso tutte le fasi di progettazione, costruzione e spedi
zione, la qualita e affidabilita National non e seconda a nes
suno. 

Noi siamo orgogliosi del nostro successo che fissa per gli 
altri un traguardo da raggiungere. II nostro desiderio di per
fezione e d'altra parte illimitato e pertanto tu, nostro cliente, 
puoi continuare ad affidarti a National Semiconductor Cor
poration per la produzione dei tuoi sistemi con elevati livelli 
di qualita. 

President, Chief Executive Officer 

National Semiconductor Corporation 
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TRADEMARKS 

Following is the most current list of National Semiconductor Corporation's trademarks and registered trademarks. 

Abuseable™ Fairtech™ MST™ SCX™ 
AnadigTM FAST® Naked-8™ SERIES/BOO™ 
ANS-R-TRANTM 5-Star ServiceTM National® Series 900TM 
APPS™ GENIXTM National Semiconductor® Series 3000™ 
ASPECTTM GNXTM National Semiconductor Series 32000® 
Auto-Chem DeflasherTM HAMR™ Corp.® Shelf,...Chek™ 
BCPTM HandiScan™ NAX BOOTM SofChek™ 
Bl-FET™ HEX3000TM Nitride PlusTM SPIRE™ 
Bl-FET 11™ HPCTM Nitride Plus OxideTM STAR™ 
Bl-LINETM 13L® NML™ Starlink™ 
BIPLANTM ICMTM NOBUSTM STARPLEX™ 
BLCTM INFOCHEXTM NSCBOOTM Super-Block™ 
BLXTM Integral ISE™ NSCISETM SuperChipTM 
Brite-Lite TM I ntelisplayTM NSX-16™ Superscript™ 
BTLTM ISE™ NS-XC-16™ SYS32™ 
Check Track™ ISE/06™ NTERCOM™ TapePak® 
CIM™ ISE/08™ NURAMTM TDS™ 
CIMBUSTM ISE/16™ OXISS™ TeleGateTM 
CLASICTM ISE32™ P2CMOSTM The National Anthem® 
Cloc~ChekTM ISOPLANAA™ PC Master™ Time,...Chek™ 
COMBOTM ISOPLANAR-ZTM Perfect Watch™ TINA™ 
COMBO I™ KeyScanTM Pharm~Chek™ TLCTM 

COMBO 11™ LMCMOSTM PLAN™ Trapezoidal™ 
COPSTM microcontrollers M2CMOSTM PLANAR™ TRI-CODE™ 
Datachecker® MacrobusTM Plus-2™ TRl-POLYTM 
DENSPAK™ Macrocomponent™ PolycraftTM TRl-SAFETM 
DIBTM MAXI-ROM® POSilink™ TRI-STATE® 
Digitalker® Mea~Chek™ POSitalkerTM TURBOTRANSCEIVEA™ 
DISCERN™ MenuMaster™ Power + Control™ VIP™ 
DISTILL™ MicrobusTM data bus POWERplanar™ VR32™ 
DNA® MICRO-DACTM QUAD3000TM WATCHDOGTM 
DPVM™ µtalker™ QUIKLOOKTM XMOS™ 
ELSTAA™ Microtalker™ RATTM XPU™ 
E-Z-LINK™ MICROWIRETM RTX16™ Z STAR™ 
FACT™ MICROWIRE/PLUSTM SABA™ 883B/RETS™ 
FAIRCADTM MOLE™ Scrip~ChekTM 883S/RETS™ 

LIFE SUPPORT POLICY 

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR 
SYSTEMS WITHOUT THE EXPRESS WRITIEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR COR
PORATION. As used herein: 

1. Life support devices or systems are devices or systems 
which, (a) are intended for surgical implant into the body, 
or (b) support or sustain life, and whose failure to per
form, when properly used in accordance with instructions 
for use provided in the labeling, can be reasonably ex
pected to result in a significant injury to the user. 

2. A critical component is any component of a life support 
device or system whose failure to perform can be reason
ably expected to cause the failure of the life support de
vice or system, or to affect its safety or effectiveness. 

NationalSemiconductorCorporation 2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721-5000 
TWX (910) 339-9240 
National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time 
without notice, to change said circuitry or specifications. 

iv 



Introduction 

FACT™ (Fairchild Advanced CMOS Technology) is a very 
high-speed, low power CMOS Logic family utilizing a 1.3 µM 
lsoplanar silicon gate CMOS process. FACT logic functions 
can attain speeds similar to that of Advanced Low Power 
Schottky while retaining the advantages of CMOS logic: Ultra 
low static power and high noise immunity. FACT offers the 
system designer the added benefit of superior line driving 
characteristics and excellent ESD and Latch-up immunity. 

The FACT family consists of devices in two categories: 

1. AC-standard logic functions with CMOS compatible in
puts and TTL and MOS compatible outputs; 

2. ACT -standard logic functions with TTL compatible inputs 
and TTL and MOS compatible outputs. 

Product Index and Selection Guide 
Lists 54AC/7 4AC and 54ACT /7 4ACT circuits currently avail
able, in design or planned. The selection guide groups the 
circuits by function. 

Section 1 FACT Descriptions and Family 
Characteristics ...................... 1-1 

Basic information on FACT performance including technol
ogies. 

Section 2 Ratings, Specifications and 
Waveforms . ......................... 2-1 

Contains common ratings and specifications for FACT de
vices, as well as AC test loads and waveforms. 

Section 3 Design Considerations ............... 3-1 
Information to assist both TTL and CMOS designers to get 
the most out of the FACT family. 

Section 4 Data Sheets ......................... 4-1 
Contains data sheets for currently available and pending new 
products. 

Section 5 Packaging Outlines and Ordering 
Information ......................... 5-1 
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Ii. Definition of Terms 

Product Status 

Formative or 
In Design 

First 
Production 

Full 
Production 

Definition 

This data sheet contains the design specifications for product 
development. Specifications may change in any manner without notice. 

This data sheet contains preliminary data, and supplementary data will 
be published at a later date. National Semiconductor Corporation 
reserves the right to make changes at any time without notice in order 
to improve design and supply the best possible product. 

This data sheet contains final specifications. National Semiconductor 
Corporation reserves the right to make changes at any time without 
notice in order to improve design and supply the best possible product. 

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to 
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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Alpha-Numeric Index 
54AC/74ACOO Quad 2-lnput NANO Gate ..................................................... 4-5 
54AC/74AC02 Quad 2-lnput NOR Gate ...................................................... 4-9 
54AC/74AC04 Hex Inverter ................................................................ 4-12 
54AC/7 4AC08 Quad 2-lnput AND Gate ..................................................... 4-15 
54AC/74AC10 Triple 3-lnput NANO Gate .................................................... 4-18 
54AC/74AC11Triple3-lnput AND Gate ..................................................... 4-21 
54AC/7 4AC14 Hex Inverter with Schmitt Trigger Input ......................................... 4-24 
54AC/74AC20 Dual 4-lnput NANO Gate ..................................................... 4-27 
54AC/74AC32 Quad 2-lnput OR Gate ....................................................... 4-30 
54AC/74AC74 Dual D Positive Edge-Triggered Flip-Flop ...................................... 4-33 
54AC/7 4AC85 4-Bit Magnitude Comparator ................................................. 4-39 
54AC/74AC86 Quad 2-lnput Exclusive-OR Gate .............................................. 4-40 
54AC/74AC109 Dual JK Positive Edge-Triggered Flip-Flop .................................... 4-43 
54AC/74AC112 Dual JK Negative Edge-Triggered Flip-Flop ................................... 4-49 
54AC/74AC1381-of-8 Decoder/Demultiplexer ............................................... 4-50 
54AC/74AC139 Dual 1-of-4 Decoder/Demultiplexer .......................................... 4-57 
54AC/74AC151 8-lnput Multiplexer ......................................................... 4-62 
54AC/74AC153 Dual 4-lnput Multiplexer .................................................... 4-68 
54AC/74AC157 Quad 2-lnput Multiplexer .................................................... 4-73 
54AC/74AC158 Quad 2-lnput Multiplexer .................................................... 4-78 
54AC/74AC161 Synchronous Presettable Binary Counter ..................................... 4-83 
54AC/74AC163 Synchronous Presettable Binary Counter ..................................... 4-91 
54AC/74AC164 Serial-In, Parallel-Out Shift Register .......................................... 4-99 
54AC/7 4AC169 4-Stage Synchronous Bidirectional Counter .................................. 4-100 
54AC/7 4AC17 4 Hex D Flip-Flop with Master Reset .......................................... 4-105 
54AC/7 4AC175 Quad D Flip-Flop ......................................................... 4-111 . 
54AC/74AC191 Up/Down Counter with Preset and Ripple Clock .............................. 4-119 
54AC/74AC240 Octal Buffer/Line Driver with TRI-STATE Outputs ............................. 4-126 
54AC/74AC241 Octal Buffer/Line Driver with TRI-STATE Outputs ............................. 4-130 
54AC/74AC244 Octal Buffer/Line Driver with TRI-STATE Outputs ............................. 4-134 
54AC/74AC245 Octal Bidirectional Transceiver wilh TRI-STATE lnpuls/Outputs ................ 4-13G 
54AC/74AC251 8-lnput Multiplexer with TRI-STATE Output ................................... 4-142 
54AC/74AC253 Dual 4-lnput Multiplexer with TRI-STATE Outputs ............................. 4-148 
54AC/7 4AC257 Quad 2-lnput Multiplexer with TRI-STATE Outputs ............................ 4-154 
54AC/7 4AC258 Quad 2-lnput Multiplexer with TRI-STATE Outputs ............................ 4-159 
54AC/7 4AC269 8-Bit Bidirectional Binary Counter ........................................... 4-164 
54AC/7 4AC273 Octal D Flip-Flop ......................................................... 4-165 
54AC/74AC280 9-Bit Parity Generator/Checker ............................................. 4-170 
54AC/7 4AC283 4-Bit Binary Full Adder with F~st Carry ....................................... 4-17 4 
54AC/74AC299 8-lnput Universal Shift/Storage Register with Common Parallel 1/0 Pins ......... 4-175 
54AC/7 4AC350 4-Bit Shifter with TRI-STATE Outputs ........................................ 4-187 
54AC/74AC373 Octal Transparent Latch with TRI-STATE Outputs ............................ 4-188 
54AC/7 4AC37 4 Octal D Flip-Flop with TRI-STATE Outputs ................................... 4-194 
54AC/74AC377 Octal D Flip-Flop with Clock Enable ......................................... 4-200 
54AC/74AC520 8-Bit Identity Comparator .................................................. 4-211 
54AC/74AC521 8-Bit Identity Comparator .................................................. 4-217 
54AC/74AC540 Octal Buffer/Line Driver with TRI-STATE Outputs ............................. 4-228 
54AC/74AC541 Octal Buffer/Line Driver with TRI-STATE Outputs ............................. 4-231 
54AC/74AC574 Octal D Flip-Flop with TRI-STATE Outputs ................................... 4-249 
54AC/74AC646 Octal Transceiver/Register with TRI-STATE Outputs .......................... 4-255 
54AC/74AC648 Octal Transceiver/Register with TRI-STATE Outputs .......................... 4-263 
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Alpha-Numeric lndex(conunued> 
54AC/74AC821 10-Bit D Flip-Flop with TRI-STATE Outputs .................................. 4-279 
54AC/7 4AC823 9-Bit D Flip-Flop .......................................................... 4-285 
54AC/7 4AC825 8-Bit D Flip-Flop .......................................................... 4-289 
54AC/7 4AC843 9-Bit Transparent Latch ................................................... 4-299 
54AC/74AC845 8-Bit Transparent Latch with TRI-STATE Outputs ............................. 4-307 
54AC/74AC2708 64 x 9 First-In, First-Out Memory ........................................... 4-324 
54AC/7 4AC4024 7-Stage Binary Ripple Counter ............................................ 4-340 
54ACT/74ACTOO Quad 2-lnput NANO Gate ................................................... 4-5 
54ACT/74ACT04 Hex Inverter ............................................................. 4-12 
54ACT/74ACT08 Quad 2-lnput AND Gate ................................................... 4-15 
54ACT /7 4ACT14 Hex Inverter with Schmitt Trigger Input ................•............. ~ ....... 4-24 
54ACT /74ACT32 Quad 2-lnput OR Gate .................................................... 4-30 
54ACT/74ACT74 Dual D Positive Edge-Triggered Flip-Flop .................................... 4-33 
54ACT /7 4ACT85 4-Bit Magnitude Comparator ............................................... 4-39 
54ACT /7 4ACT109 Dual JK Positive Edge-Triggered Flip-Flop .................................. 4-43 
54ACT/74ACT112 Dual JK Negative Edge-Triggered Flip-Flop ................................. 4-49 
54ACT/74ACT138 1-of-8 Decoder/Demultiplexer ............................................ 4-50 
54ACT /7 4ACT139 Dual 1-of-4 Decoder /Demultiplexer ........................................ 4-57 
54ACT/74ACT151 8-lnput Multiplexer ....................................................... 4-62 
54ACT/74ACT153 Dual 4-lnput Multiplexer .................................................. 4-68 
54ACT/74ACT157 Quad 2-lnput Multiplexer ................................................. 4-73 
54ACT/74ACT158 Quad 2-lnput Multiplexer .................................... ; ............ 4-78 
54ACT /7 4ACT161 Synchronous Presettable Binary Counter ................................... 4-83 
54ACT /7 4ACT163 Synchronous Presettable Binary Counter ................................... 4-91 
54ACT /7 4ACT164 Serial-In, Parallel-Out Shift Register ........................................ 4-99 
54ACT /7 4ACT17 4 Hex D Flip-Flop with Master Reset ........................................ 4-105 
54ACT /7 4ACT175 Quad D Flip-Flop .................... ; .................................. 4-111 
54ACT /7 4ACT181 4-Bit Arithmetic Logic Unit ............................................... 4-117 
54ACT /7 4ACT182 Carry Look-Ahead Generator ............................................ 4-118 
54ACT/74ACT240 Octal Buffer/Line Driver with TRI-STATE Outputs .......................... 4-126 
54ACT /7 4ACT241 Octal Buffer /Line Driver with TRI-STATE Outputs .......................... 4-130 
54ACT 17 4ACT244 Octal Buffer /Line Driver with TRI-STATE Outputs .......................... 4-134 
54ACT/74ACT245 Octal Bidirectional Transceiver with TRI-STATE Inputs/Outputs .............. 4-138 
54ACT /74ACT251 8-lnput Multiplexer with TRI-STATE Output ................................ 4-142 
54ACT /7 4ACT253 Dual 4-lnput Multiplexer with TRI-STATE Outputs ........................... 4-148 
54ACT/74ACT257 Quad 2-lnput Multiplexer with TRI-STATE Outputs .......................... 4-154 
54ACT /7 4ACT258 Quad 2-lnput Multiplexer with TRI-STATE Outputs .......................... 4-159 
54ACT /7 4ACT273 Octal D Flip-Flop ....................................................... 4-165 
54ACT /74ACT280 9-Bit Parity Generator/Checker .......................................... 4-170 
54ACT /7 4ACT283 4-Bit Binary Full Adder with Fast Carry .................................... 4-17 4 
54ACT /7 4ACT299 8-lnput Universal Shift/Storage Register with Common Parallel 1/0 Pins ....... 4-175 
54ACT /74ACT323 8-Bit Universal Shift/Storage Register with Synchronous Reset and 

Common 1/0 Pins ..................................................................... 4-182 
54ACT /7 4ACT350 4-Bit Shifter with TRI-STATE Outputs ..................................... 4-187 
54ACT /7 4ACT373 Octal Transparent Latch with TRI-STATE Outputs .......................... 4-188 
54ACT /7 4ACT37 4 Octal D Flip-Flop with TRI-STATE Outputs ................................. 4-194 
54ACT /7 4ACT377 Octal D Flip-Flop with Clock Enable ....................................... 4-200 
54ACT /74ACT381 4-Bit Arithmetic Logic Unit •.............................................. 4-206 
54ACT /7 4ACT399 Quad 2-Port Register ................................................... 4-207 
54ACT /7 4ACT520 8-Bit Identity Comparator ................................................ 4-211 
54ACT /7 4ACT521 8-Bit Identity Comparator ................................................ 4-217 
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Alpha-Numeric lndex(continued) 

54ACT /7 4ACT534 Octal D Flip-Flop with TR I-ST ATE Outputs ................................. 4-223 
54ACT/74ACT540 Octal Buffer/Line Driver with TRI-STATE Outputs .......................... 4-228 
54ACT/74ACT541 Octal Buffer/Line Driver with TRI-STATE Outputs .......................... 4-231 
54ACT /7 4ACT543 Octal Registered Transceiver ............................................ 4-234 
54ACT /7 4ACT544 Octal Registered Transceiver ............................................ 4-235 
54ACT/74ACT563 Octal Latch with TRI-STATE Outputs ..................................... 4-236 
54ACT/74ACT564 Octal D Flip-Flop with TRI-STATE Outputs ................................. 4-241 
54ACT/74ACT573 Octal Latch with TRI-STATE Outputs ..................................... 4-244 
54ACT /7 4ACT57 4 Octal D Flip-Flop with TRI-STATE Outputs ................................. 4-249 
54ACT /7 4ACT646 Octal Transceiver /Register with TRI-STATE Outputs ....................... 4-255 
54ACT /74ACT657 Octal Bidirectional Transceiver with 8-Bit Parity Generator/Checker and 

TRI-STATE Outputs ................................................................... 4-269 
54ACT/74ACT705 Arithmetic Logic Unit for Digital Signal Processing Applications ............... 4-270 
54ACT/74ACT715 Programmable Video Sync Generator ..................................... 4-271 
54ACT/74ACT725 512 x 9 First In, First Out Memory (FIFO) .................................. 4-272 
54ACT /7 4ACT818 8-Bit Diagnostic Register ................................................ 4-273 
54ACT/74ACT821 10-Bit D Flip-Flop with TRI-STATE Outputs ................................ 4-279 
54ACT /7 4ACT823 9-Bit D Flip-Flop ....................................................... 4-285 
54ACT /7 4ACT825 8-Bit D Flip-Flop ....................................................... 4-289 
54ACT /7 4ACT827 10-Bit Buffer /Line Driver with TRI-STATE Outputs .......................... 4-293 
54ACT /7 4ACT841 10-Bit Transparent Latch with TRI-STATE Outputs ......................... 4-294 
54ACT /7 4ACT843 9-Bit Transparent Latch ................................................. 4-299 
54ACT /7 4ACT845 8-Bit Transparent Latch with TR I-ST ATE Outputs ........................... 4-307 
54ACT/74ACT101616x16 Parallel Multiplier ............................................... 4-312 
54ACT /7 4ACT111 O Single Port 16 x 16 Bit Multiplier I Accumulator ............................ 4-322 
54ACT/74ACT2708 64 x 9 First-In, First-Out Memory ........................................ 4-324 
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FACT™ Selection Guide 

Gates 

Registers 

Function 

NANO 
Quad 2-lnput 

Quad 2-lnput 
Triple 3-lnput 

Triple 3-lnput 
Dual 4-lnput 

AND 
Quad 2-lnput 
Quad 2-lnput 

Triple 3-lnput 

OR/NOR/Exclusive-OR 
Quad 2-lnput OR 

Quad 2-lnput OR 
Quad 2-lnput NOR 

Quad 2-lnput Exclusive-OR 

Quad 2-lnput Exclusive-OR 
Inverter 
Hex Inverter 
Hex Inverter 
Hex Schmitt Trigger Inverter 

Hex Schmitt Trigger Inverter 

Function 

Quad 2-Port Register 

Diagnostic and Pipeline Register 

Parity Generator /Checkers 
Function 

Parity Generator/Checker 
Parity Generator/Checker 
Video Sync Generator 

x 

Device 

54ACT /7 4ACT399 
54ACT /74ACTB18 

Device 

54AC/7 4ACOO 

54ACT /7 4ACTOO 

54AC/7 4AC10 
54ACT /7 4ACT10 
54AC/7 4AC20 

54AC/7 4ACOB 
54ACT /7 4ACTOB 

54AC/7 4AC11 

54AC/7 4AC32 

54ACT /7 4ACT32 
54AC/7 4AC02 

54AC/7 4AC86 

54ACT /7 4ACT86 

54AC/7 4AC04 

54ACT /7 4ACT04 
54AC/7 4AC14 

54ACT /7 4ACT14 

Device 

54AC/7 4AC280 
54ACT 17 4ACT280 
54ACT /7 4ACT715 

Clock 
Inputs 

1(../") 

2 



Flip-Flops 

Function Device 

DualD 54AC/7 4AC7 4 
DualD 54ACT/74ACT74 
Dual JK 54AC/7 4AC109 
Dual JK 54ACT /7 4ACT109 
Dual JK 54AC/7 4AC112 
DualJK 54ACT /7 4ACT112 
QuadD 54AC/74AC175 
QuadD 54ACT /7 4ACT175 
HexD 54AC/74AC174 
HexD 54ACT /7 4ACT17 4 
Octal D 54AC/7 4AC273 
OctalD 54ACT /7 4ACT273 
OctalD 54AC/7 4AC37 4 
OctalD 54ACT /7 4ACT37 4 
Octal D 54AC/7 4AC377 
OctalD 54ACT /7 4ACT377 
OctalD 54ACT /7 4ACT534 
OctalD 54ACT /7 4ACT564 
OctalD 54AC/7 4AC57 4 
Octal D 54ACT /7 4ACT57 4 
OctalD 54ACT /7 4ACT825 
9-BitD 54ACT /7 4ACT823 
10-Bit D 54ACT /7 4ACT821 

AL Us 

Function Device 

Arithmetic Logic Unit 54ACT /7 4ACT181 
Arithmetic Logic Unit 54ACT /7 4ACT381 

Latches 

Function Device 

Octal 54AC/7 4AC373 
Octal 54ACT /7 4ACT373 
OctalD 54ACT /7 4ACT563 
OctalD 54AC/74AC573 
OctalD 54ACT /7 4ACT573 
Octal Transparent 54AC/7 4AC845 
Octal Transparent 54ACT /7 4ACT845 
9-Bit Transparent 54AC/7 4AC843 
9-Bit Transparent 54ACT /7 4ACT843 
10-Bit Transparent 54AC/7 4AC841 
10-Bit Transparent 54ACT /7 4ACT841 

Counters 

Function Device 

4-Bit Binary 54AC/74AC161 
4-Bit Binary 54ACT /7 4ACT161 
4-Bit Binary 54AC/7 4AC163 
4-Bit Binary 54ACT /7 4ACT163 
4-Bit Binary 54AC/7 4AC169 
4-Bit Binary 54AC/7 4AC191 
8-Bit Binary 54ACT /74ACT269 
7-Stage Binary Ripple 54AC/7 4AC4024 

5 = Synchronous 
A = Asynchronous 

TRI-STATE® 
Outputs 

No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Ves 

No. of Arithmetic 
Bits Functions 

4 16 
4 3 

TRI-STATE 
Outputs 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Parallel 
Reset U/D 

Entry 

s A No 
s A No 
s s No 
s s No 
s - Yes 
A - Yes 
s - Yes 
- A No 

xi 

Master 
Reset 

Yes 
Yes 
Yes 
Yes 
No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 
Yes 
Yes 
Yes 

Logic 
Functions 

16 
3 

Broadside 
i=inout 

No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

TRI-STATE 
Outputs 

No 
No 
No 
No 
No 
No 
No 
No 

~ 
0 
-I 
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CD 
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ALU Support 
Function 1 Device 

Carry Lookahead 1 54ACT /7 4ACT182 

Buffers/Line Drivers 
Enable 

Function Device Inputs 
(Level} 

Octal 54AC/7 4AC240 2(L) 
Octal 54ACT /7 4ACT240 2(L) 
Octal 54AC/7 4AC241 1(H) & 1(L) 
Octal 54ACT /7 4ACT241 1(H) & 1(L) 
Octal 54AC/7 4AC244 2(L) 
Octal 54ACT /7 4ACT244 2(L) 
Octal 54AC/7 4AC540 2(L) 
Octal 54ACT /7 4ACT540 2(L) 
Octal 54AC/7 4AC541 1(H) & 1(L) 
Octal 54ACT /7 4ACT541 1(H) & 1(L) 
10-Bit 54ACT /7 4ACT827 2(L) 

L =LOW 
H =HIGH 

FIFOs 

Function Device Input 

64 x 9 FIFO Memory 54AC/7 4AC2708 Parallel 
64 x 9 FIFO Memory 54ACT /7 4ACT2708 Parallel 
512x 9 FIFO 54ACT 17 4ACT725 Parallel 

Decoders/Demultiplexers 

LOW 
Active-

Function Device HIGH 
Enable 

Enable 

1-of-8 54AC/7 4AC138 2 1 
1-of-8 54ACT /7 4ACT138 2 1 
Dual 1-of-4 54AC/7 4AC139 1 & 1 No 
Dual 1-of-4 54ACT /7 4ACT139 1&1 No 

Arithmetic Functions 
Function Device 

16 x 16 Multiplier 54ACT /7 4ACT1016 
Arithmetic Logic Unit for DSP 54ACT /7 4ACT705 

16-Bit Single Port Multiplier 54ACT /7 4ACT1110 

xii 

1 No.of Bits 

1 4 

Inverting/ Broadside 
Non-Inverting Plnout 

I No 
I No 
N No 
N No 
N No 
N No 
I Yes 
I Yes 
N Yes 
N Yes 
N Yes 

Output 
TRI-STATE 

Outputs 

Parallel Yes 
Parallel Yes 
Parallel Yes 

Active- Active-
LOW Address 

Outputs Inputs 

8 3 
8 3 

4&4 2&2 
4&4 2&2 

Features 

2s Complement & Unsigned Arithmetic 
16-Bit ALU and 8 x 8 Parallel 
Multiplier/ Accumulator 
Pipeline Capability 



Shift Registers 

Function Device 
No.of 

Reset 
Bits 

Octal Shift/Storage 54AC/7 4AC299 8 A 
Octal Shift/Storage 54ACT /7 4ACT299 8 A 
Octal Shift/Storage 54AC/7 4AC323 8 s 
Octal Shift/Storage 54ACT /7 4ACT323 8 s 
Serial In, Parallel-Out 54AC/74AC164 8 A 
Serial In, Parallel-Out 54ACT/74ACT164 8 A 

A = Asynchronous 
S = Synchronous 

Multiplexers 
Enable 

True 
Function Device Inputs 

(Level) 
Output 

8-lnput 54AC/7 4AC151 1(L) Yes 
8-lnput 54ACT /7 4ACT151 1(L) Yes 
8-lnput 54AC/74AC251 1(L) Yes 
8-lnput 54ACT /7 4ACT251 1(L) Yes 
Dual 4-lnput 54AC/7 4AC153 2(L) Yes 
Dual 4-lnput 54ACT /7 4ACT153 2(L) Yes 
Dual 4-lnput 54AC/7 4AC253 2(L) Yes 
Dual 4-lnput 54ACT /7 4ACT253 2(L) Yes 
Quad 2-lnput 54AC/7 4AC157 1(L) Yes 
Quad 2-lnput 54ACT /7 4ACT1 57 1(L) Yes 
Quad 2-lnput 54AC/7 4AC158 1(L) No 
Quad 2-lnput 54ACT /7 4ACT158 1(L) No 
Quad 2-lnput 54AC/74AC257 1(L) Yes 
Quad 2-lnput 54ACT /7 4ACT257 1(L) Yes 
Quad 2-lnput 54AC/7 4AC25B 1(L) No 
Quad 2-lnput 54ACT /7 4ACT25B 1(L) No 
4 Input w/Shift 54AC/7 4AC350 1(L) Yes 
4 Input w/Shift 54ACT /7 4ACT350 1(L) Yes 

Comparators 
Function Device 

Octal Identity Comparator 54AC/7 4AC520 
Octal Identity Comparator 54ACT 17 4ACT520 
Octal Identity Comparator 54AC/74AC521 
Octal Identity Comparator 54ACT /7 4ACT521 
4-Bit Magnitude Comparator 54AC/7 4ACB5 
4-Bit Magnitude Comparator 54ACT /7 4ACTB5 

Adders 

Function Device 
No.of 

Bits 

Binary Full Adder 54AC/7 4AC2B3 4 
Binary Full Adder 54ACT 17 4ACT283 4 

xiii 

Serial TRI-STATE 
Inputs Outputs 

2 Yes 

2 Yes 
2 Yes 

2 Yes 

2 No 

2 No 

Complement 
Output 

Yes 

Yes 
Yes 
Yes 

No 

No 
No 
No 

No 
No 

Yes 

Yes 
No 
No 
Yes 

Yes 

No 

l\lo 

Features 

Expandable 

Expandable 
Expandable 

Expandable 

Carry 
Lookahead 

Yes 

Yes 
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Transceivers/Registered Transceivers ·:; 
CJ 
c Enable 
0 

Function Device Registered Inputs 
TRl·STATE 

;:; 
Output u (Level) Cl) 

Qi 
Octal Bidirectional Transceiver 54AC/74AC245 No 1(L) Yes en 

..... Octal Bidirectional Transceiver 54ACT /7 4ACT245 No 1(L) Yes 
0 Octal Bus Transceiver & Register 54AC/7 4AC646 Yes 1(L) & 1(H) Yes < LL. Octal Bus Transceiver and Register 54ACT /7 4ACT646 Yes l(L) & l(H) Yes 

Octal Bus Transceiver & Register 54AC/7 4AC648 Yes 1(L) & 1(H) Yes 

Octal Register Transceiver 54ACT /7 4ACT543 Yes 2(L) Yes 

Octal Register Transceiver 54ACT /7 4ACT544 Yes 2(L) Yes 

Octal Bus Transceiver 54ACT /7 4ACT657 1(L) & 1(H) 

xiv 
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~National 
~Semiconductor 

FACT™ Descriptions and Family Characteristics 

National Semiconductor Advanced 
CMOS Technology-FACTTM
Logic 
Fairchild Semiconductor introduced FACT (Fairchild Ad
vanced CMOS Technology) logic, a family of high speed 
advanced CMOS circuits, in 1985. 

FACT logic offers a unique combination of high speed, low 
power dissipation, high noise immunity, wide fanout capabili
ty, extended power supply range and high reliability. 

This data book describes the product line with device speci
fications as well as material discussing design considera
tions and comparing the FACT family to predecessor tech
nologies. 

The 1.3-micron silicon gate CMOS process utilized in this 
family has been proven in the field of high performance gate 
arrays, CMOS ASIC, and FACT. It has been further en
hanced to meet and exceed the JEDEC standards for 
7 4ACXX logic. 

For direct replacement of LS, ALS and other TTL devices, 
the 'ACT circuits with TTL-type input thresholds are includ
ed in the FACT family. These include the more popular bus 
drivers/transceivers as well as many other 54ACTXXX/ 
7 4ACTXXX devices. 

Characteristics 
= Ft.::I Lcg!c P1cdt.:ct U~o 
• Industry Standard Functions and Pinouts for SSI, MSI 

and LSI 
• Meets or Exceeds JEDEC Standards for 74ACXX 

Family 
• TTL Inputs on Selected Circuits 
• High Performance Outputs 

- Common Output Structure for Standard and Buffer 
Drivers 

- Output Sink/Source Current of 24 mA 
- Transmission Line Driving 50!l (Commercial)/75!l 

(Military) Guaranteed 
• Operation from 2V-6V Guaranteed 
• Temperature Range 

-Commercial -40°C to +85°C 
- Military - 55°C to + 125°C 

• Improved ESD Protection Network 
• High Current Latch-Up Immunity 
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Interfacing 
FACT devices have a wide operating voltage range (Vee = 
2 Voe to 6 Voe) and sufficient current drive to interface with 
most other logic families available today. 

Device designators are as follows: 

'AC- This is a high speed CMOS device with CMOS input 
switching levels and buffered CMOS outputs that 
can drive ± 24 mA of loH and loL current. Industry 
standard 'AC nomenclature and pinouts are used. 

'ACT - This is a high speed CMOS device with a TTL-to
CMOS input buffer stage. These device inputs are 
designed to interface with TTL outputs operating 
with a Vee = 5V ±0.5V with VoH = 2.4V and 
VoL = 0.4V, but are functional over the entire FACT 
operating voltage range of 2.0 Voe to 5.5 Voe. 
These devices have buffered outputs that will drive 
CMOS or TTL devices with no additional interface 
circuitry. 'ACT devices have the same output struc
tures as 'AC devices. 

Low Power CMOS Operation 
If there is one single characteristic that justifies the exis
tence of CMOS, it is low power dissipation. In the quiescent 
state, FACT draws 1000 times less power than the equiva
lent LS or ALS TTL device. This enhances system reliability; 
because costly regulated high current power supplies, heat 
!:inks and fans are eliminated, FACT logic devices are ideal 
for portable systems such as laptop computers and back
pack communications systems. Operating power is also 
very low for FACT logic. Power consumption of various 
technologies with a clock frequency of 1 MHz is shown be
low. 

FACT = 0.1 mW/Gate 
ALS = 1.2 mW/Gate 
LS = 2.0 mW/Gate 
HC = 0.1 mW/Gate 
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Low Power CMOS 
Operation (Continued) 
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FIGURE 1-1. lee VS Vee 
Figure 1-1 illustrates the effects of Ice versus power supply 
voltage (Vee) for two load capacitance values: SO pF and 
stray capacitance. The clock frequency was 1 MHz for the 
measurements. 

AC Performance 
In comparison to LS, ALS and HC families, FACT devices 
have faster internal gate delays as well as the basic gate 
delays. Additionally, as the level of integration increases, 
FACT logic leads the way to very high-speed systems. 

The example below describes typical values for a 74XX138, 
3-to-8 line decoder. 

FACT = 6.0 ns@ CL= SO pF 
ALS = 12.0 ns @ CL = SO pF 
LS = 22.0 ns @ CL = 15 pF 
HC = 17.Sns@CL = SOpF 

AC performance specifications are guaranteed at S.OV 
±0.5V and 3.3V ±0.3V. For worst case design at 2.0V Vee 
on all device types, the formula below can be used to deter
mine AC performance. 

AC performance at 2.0V Vee = 1.9 x AC specification at 
3.3V. 

Multiple Output Switching 
Propagation delay is affected by the number of outputs 
switching simultaneously. Typically, devices with more than 
one output will follow the rule: for each output switching, 
derate the databook specification by 2SO ps. This effect typ
ically is not significant on an octal device unless more than 
four outputs are switching simultaneously. This derating is 
valid for the entire temperature range and S.OV ± 10% Vee. 

Noise Immunity 
The noise immunity of a logic family is also an important 
equipment cost factor in terms of decoupling components, 
power supply dynamic resistance and regulation as well as 
layout rules for PC boards and signal cables. 
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The comparisons shown describe the difference between 
the input threshold of a device and the output voltage, 
iViL - VodllV1H - VoHI at 4.SV Vee. 

FACT = 1.2SV/1.2SV 
ALS = 0.4V/0.7V 
LS = 0.3V/0.7V@ 4.7SV Vee 
HC = 0.8V/1.25V 

Output Characteristics 
All FACT outputs are buffered to ensure consistent output 
voltage and current specifications across the family. Both 
'AC and 'ACT device types have the same output struc
tures. Two clamp diodes are internally connected to the out
put pin to suppress voltage overshoot and undershoot in 
noisy system applications which can result from impedance 
mismatching. The balanced output design allows for con
trolled edge rates and equal rise and fall times. 

All SSI and MSI devices ('AC or 'ACn are guaranteed to 
source and sink 24 mA. Commercial devices, 7 4AC/ 
ACTXXX, are capable of driving son transmission lines, 
while military grade devices, S4AC/ ACTXXX, can drive 7Sn 
transmission lines. 

loL/loH Characteristics 

FACT = 24 mA/-24 mA 
ALS = 24 mA/-1S mA 
LS = 8 mA/ -0.4 mA @ 4.7SV Vee 
HC = 4 mA/-4 mA 

Dynamic Output Drive 
Traditionally, in order to predict what incident wave voltages 
would occur in a system, the designer was required to do an 
output analysis using a Bergeron diagram. Not only is this a 
long and time consuming operation, but the designer need
ed to depend upon the accuracy and reliability of the manu
facturer-supplied "typical" output l/V curve. Additionally, 
there was no way to guarantee that any supplied device 
would meet these "typical" performance values across the 
operating voltage and temperature limits. Fortunately for the 
system designers, FACT has taken the necessary steps to 
guarantee incident wave switching on transmission lines 
with impedances as low as son for the commercial temper
ature range and 7Sn for the military temperature range. 

Figure 1-2 shows a Bergeron diagram for switching both 
HIGH-to-LOW and LOW-to-HIGH. On the right side of the 
graph (louT > 0), are the VoH and l1H curves for FACT logic 
while on the left side (louT < 0), are the curves for VoL and 
l1L· Although we will only discuss here the LOW-to-HIGH 
transition, the information presented may be applied to a 
HIGH-to-LOW transition. 



Dynamic Output Drive (Continued) 
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FIGURE 1-2. Gate Driving son Line 
Reflection Diagram 

Begin analysis at the Vol (quiescent) point. This is the inter
section of the VoLlloL curve for the output and the V1Nll1N 
curve for the input. For CMOS inputs and outputs, this point 
will be approximately 100 mV. Then draw a son load line 
from this intersection to the VoHlloH curve as shown by 
Line 1. This intersection is the voltage that the incident 
wave will have. Here it occurs at approximately 3.9SV. Then 
draw a line with a slope of - son from this first intersection 
point to the V1N/l1N curve as shown by Line 2. This second 
intersection will be the first reflection back from the input 
gate. Continue this process of drawing the load lines from 
each intersection to the next. Lines terminating on the 
VoH/loH curve should have positive slopes while lines ter
minating on the V1Nll1N curve should have negative slopes. 

Each intersection point predicts the voltage of each reflect
ed wave on the transmission line. Intersection points on the 
VoH/loH curve will be waves travelling from the driver to the 
receiver while intersection points on the V1N/l1N curvtj wiil 
be waves travelling from the receiver to the driver. 

Figures 1-3a and 1-3b show the resultant waveforms. Each 
division on the time scale represents the propagation delay 
of the transmission line. 
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Dynamic Output Drive (Continued) 

While this exercise can be done for FACT, it is no longer 
necessary. FACT is guaranteed to drive an incident wave of 
enough voltage to switch another FACT input. 

We can calculate what current is required by looking at the 
Bergeron diagram. The quiescent voltage on the line will be 
within 100 mV of either rail. We know what voltage is re
quired to guarantee a valid voltage at the receiver. This is 
either 70% or 30% of Vee· The formula for calculating the 
current and voltage required is ICVoa - V1)/Zol at V1. For 
Voa = 100 mv, V1H = 3.asv, Vee = s.sv and z0 = son, 
the required loH at 3.8SV is 7S mA. For the HIGH-to-LOW 
transition, Voa = S.4V, V1L = 1.3SV and z0 = son, loL is 
75 mA at 1.6SV. FACT's 1/0 specifications include these 
limits. For transmission lines with impedances greater than 
son, the current requirements are less and switching is still 
guaranteed. 

It is important to note that the typical 24 mA drive specifica
tion is not adequate to guarantee incident wave switching. 
The only way to guarantee this is to guarantee the current 
required to switch a transmission line from the output quies
cent point to the valid V1N level. 

The following performance charts are provided in order to 
aid the designer in determining dynamic output current drive 
of FACT devices with various power supply voltages. 
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FIGURE 1-4. Output Characteristics VoHllOH• 'ACOO 
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FIGURE 1-5. Output Characteristics VoLlloL• 'ACOO 
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FIGURE 1-6. Input Characteristics V1N/l1N 

Choice of Voltage Specifications 
To obtain better performance and higher density, semicon
ductor technologies are reducing the vertical and horizontal 
dimensions of integrated device structures. Due to a num
ber of electrical limitations in the manufacture of VLSI devic
es and the need for low voltage operation in memory cards, 
it was decided by the JEDEC committee to establish inter
face standards for devices operating at 3.3V ± 0.3V. To this 
end, National Semiconductor guarantees all of its devices 
operational at 3.3V ±0.3V. Note also that AC and DC speci
fications are guaranteed between 3.0V and S.SV. Operation 
of FACT logic is also guaranteed from 2.0V to 6.0V on Vee. 

Operating Voltage Ranges 

FACT = 2.0V to 6.0V 
ALS = S.OV ± 10% 
LS = S.OV ±S% 
HC = 2.0V to 6.0V 



FACT Replaces Existing Logic 
National Semiconductor's Advanced CMOS family is specif- 10 
ically designed to outperform existing CMOS and Bipolar SPEED VS. POWER 

logic families. Figure 1-7 shows the relative position of vari- ., 8 
ous logic families in speed/power performance. FACT ex- c 

hibits 1 ns internal propagation delays while consuming >. •HC e LS 
"' 1 µW of power. o; 6 c 

The Logic Family Comparisons table below summarizes the 
., 
~ 4 key performance specifications for various competitive tech- Iii e ALS 

nology logic families. ~ 2 
FAST e f"AST 

•FACT e LSI 
•AS 

0.001 0.3 1.0 3.0 10.0 

Power Per Gate {mW) 
{Not to scale) 

TL/F/10158-10 

FIGURE 1-7. Internal Gate Delays 

General Characteristics (All Max Ratings) 

Symbol Characteristics LS ALS HCMOS 
FACT 

Units 
'AC 'ACT 

Vee/EE/DD Operating Voltage Range 5±5% 5±10% 2.0 to 6.0 2.0 to 6.0 2.0 to 6.0 v 
TA 74 Series Operating 0 to +70 0 to +70 -40 to +85 -40 to +85 -40to +85 oc 
TA 54 Series Temperature Range -55to+125 -55to+125 -55to+125 -55to+125 -55to+125 

V1H(Min) Input Voltage 2.0 2.0 3.15 3.85 2.0 v 
V1L(Max) (Limits) 0.8 0.8 0.9 1.65 0.8 v 
VoH(Min) Output Voltage 2.7 2.7 Vee - 0.1 Vee - 0.1 Vee - 0.1 v 
VoL(Max) (Limits) 0.5 0.5 0.1 0.1 0.1 v 
l1H Input Current 20 20 +1.0 +1.0 +1.0 µA 

l1L -400 -200 -1.0 -1.0 -1.0 µA 

loH Output Current -0.4 -0.4 -4.0@ Vee - 0.8 -24@ Vee - 0.8 -24@ Vee - 0.8 mA 

loL 
at Vo (Limit) 8.0 8.0 4.0@ 0.4V 24@ 0.44V 24@ 0.44V mA 

DCM DC Noise Margin 
0.3/0.7 0.410.7 0.8/1.25 1.55/1.55 0.7/2.4 v 

LOW/HIGH 

Note: All DC parameters are specified over the commercial temperature range. 

Speed/Power Characteristics (All Typical Ratings) 

Symbol Characteristics LS ALS HCMOS FACT Units 

IG Quiescent Supply Current/Gate 0.4 0.2 0.0005 0.0005 mA 

PG Power/Gate (Quiescent) 2.0 1.2 0.0025 0.0025 mW 

tp Propagation Delay 7.0 5.0 8.0 5.0 ns 

Speed Power Product 14 6.0 0.02 0.01 pJ 

fmax Clock Frequency D/FF 33 50 50 160 MHz 

FIGURE 1-8. Logic Family Comparisons 
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Propagation Delay (Commercial Temperature Range) 

Symbol Product LS ALS HCMOS FACT Units 

tPLH/tpHL 74XXOO Typ 10.0 5.0 8.0 5.0 ns 

Max - 11.0 23.0 8.5 ns 

tPLH/tpHL 74XX74 Typ 30.0 12.0 12.0 8.0 ns 
(ClocktoQ) Max - 18.0 44.0 10.5 ns 

tPLH/tPHL 74XX163 Typ 27.0 10.0 20.0 5.0 ns 
(ClocktoQ) Max - 20.0 52.0 10.0 ns 

Conditions: (LS) Vee= 5.0V, CL= 15 pF, 25•c; 
(ALS/HC/FAcn Vee= 5.0V ±10%. CL= 50 pF, Over Temp, Max values at o•c to +1o·c for ALS, -40°c to +as·c for HC/FACT. 

FIGURE 1·8. Logic Family Comparisons (Continued) 

Circuit Characteristics 
POWER DISSIPATION 

One advantage to using CMOS logic is its extremely low 
power consumption. During quiescent conditions, FACT will 
consume several orders of magnitude less current than its 
bipolar counterparts. But DC power consumption is not the 
whole picture. Any circuit will have AC power consumption, 
whether it is built with CMOS or bipolar technologies. 

Total power dissipation of FACT device under AC conditions 
is a function of three basic sources, quiescent power, inter
nal dynamic power, and output dynamic power dissipation. 
Firstly, a FACT device will dissipate power in the quiescent 
or static condition. This can be calculated by using the for· 
mula: 

Eq. 1 PDo = Ice• Vee 

PDo = Quiescent Power Dissipation 
Ice = Quiescent Power Supply Current Drain 
Vee = Power Supply Voltage 

Secondly, a FACT device will dissipate power dynamically 
by charging and discharging internal capacitance. This can 
be calculated by using the formula: 

Eq. 2 PD1NT (Cpo. Vs. f). Vee 

PD1NT = Internal Dynamic Power Dissipation 
Cpo = Device Power Dissipation Capacitance 
Vs = Output Voltage Swing 
f = Internal Frequency of Operation 
Vee = Power Supply Voltage 

1-8 

Cpo values are specified for each FACT device and are 
measured per JEDEC standards as described later on in 
Section 2. On FACT device data sheets, Cpo is a typical 
value and is given either for the package or for the individual 
stages with the device. See Section 2. For FACT devices, 
Vs and Vee are the same value and can be replaced by 
Vcc2 in the above formula. 

Thirdly, a FACT device will dissipate power dynamically by 
charging and discharging any load capacitance. This can be 
calculated by using the following formula: 

Eq. 3 PDouT = (CL • Vs • f) • Vee 

PDouT = Output Power Dissipation 
CL = Load Capacitance 
Vs = Output Voltage Swing 
f = Output Operating Frequency 
Vee = Power Supply Voltage 

In many cases the output frequency is the same as the in
ternal operation frequency. Also Vs is similar to Vee and 
can be replaced by Vcc2. In the case of internal and output 
frequencies being identical Eq. 2 and Eq. 3 may be com
bined as follows: 

Eq. 4 PD= (CL+ Cpo). Vcc2. f 

The total FACT device power dissipation is the sum of the 
quiescent power and all of the dynamic power dissipation. 
This is best described as: 

Eq. 5 PDTQTAL = PDa + PDovNAMIC or 
PDTQTAL = PDo + PD1NT + PDouT 
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FIGURE 1-9. Power Demonstration Circuit Schematic 

The circuit shown in Figure 1-9 was used to compare the 
power consumption of FACT versus ALS devices. 

Two identical circuits were built on the same board and driv
en from the same input. In the circuit, the input signal was 
driven into four D-type flip-flops which act as divide-by-2 
frequency dividers. The outputs from the flip-flops were con-

mW 
160 

120 

80 

40 

nected to the inputs of a '138 decoder. This generated eight 
non-overlapping clock pulses on the outputs of the '138, 
which were then connected to an '04 inverter. The input 
frequency was then varied and the power consumption was 
measured. Figure 1-10 illustrates the results of these mea
surements. 

20 30 40 50 60 70 80 

MHz 
TL/F/10158-12 

FIGURE 1-10. FACT vs ALS Circuit Power 
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Circuit Characteristics (Continued) 

Below 40 MHz, the FACT circuit dissipates much less power 
than the ALS version. It is interesting to note that when the 
frequency went to zero, the FACT circuit's power consump
tion also went to zero; the ALS circuit continued to dissipate 
almost 100 mW. Another advantage of FACT is its capabili
ties well above 100 MHz. 

This graph shows two advantages of FACT circuits (power 
and speed). FACT logic delivers increased performance in 
addition to offering the power savings of CMOS. 

SPECIFICATION DERIVATION 

At first glance, the specifications for FACT logic might ap
pear to be widely spread, possibly indicating wide design. 
margins are required. However, several effects are reflected 
in each specification. 

Figures 1-11a through 1-11e illustrate how the data from the 
characterization of actual devices is transformed into the 
specifications that appear on the data sheet. This data is 
taken from the 'AC245 . 

Figure 1-11a shows the data taken (from one part) on a 
typical, single path, tPHL from An to Bn, over temperature at 
5.0V; there is negligible variation in the value of tPHL· The 
next graph, Figure 1-11 b, depicts data taken on the same 
device; this set of curves represents the data on all paths A 
to B and B to A. The data on this plot indicates only a small 
variation for tPHL· 

The graphs in Figures 1-11 a and 1-11 b include data at 5.0V; 
Figure 1-11 c shows the variation of delay times over the 
standard 5.0V ± 0.5V voltage range. Note there is only a 
± 6% variation in delay time due to voltage effects. 

Now refer to Figure 1-11 d which illustrates the process ef
fects on delay time. This graph indicates that the process 
effects contribute to the spread in specifications more than 
any other factor in that the effects of the theoretical process 
spread can increase or decrease specification times by 
30%. Because this 30% spread represents considerably 
more than ± 3 standard deviations, this guarantees an in
crease in the manufacturability and the quality level of FACT 
product. To further ensure parts within specification will 
pass on testers at the limits of calibration, tester guard
bands are incorporated. 

With voltage and process effects added (Figure 1-11e}, the 
full range of the specification can be seen. For reference, 
the data sheet values are shown on the graph. 

This linear behavior with temperature and voltage is typical 
of CMOS. Although the graphs are drawn for a specific de
vice, other part types have very similar graphical represen
tations. Therefore, for performance-critical applications, 
where not all variables need to be taken into account at 
once, the user can narrow the specifications. For example, 
all parts in a critically timed subcircuit are together on a 
board, so it may be assumed the devices are at the same 
supply and temperature. 

1-10 

8 

7 
Vee = 5.ov 

6 

5 

4 

3 

2 

0 4----!--1--+---1---1---t---1-_;~--1 

-60 -40 -20 0 20 40 60 80 100 120 

Temperature (<>c} 
TL/F/10158-14 

. FIGURE 1·11a. tpHL• An to Bn, Slngle Path 

8 

7 

5 

4 

3 

2 

Vee = 5.0V 

Minimum 

0-+--1---+-+--+-+---t--+--t---1 

-60 -40 -20 0 20 40 60 80 100 120 

Temperature {<>c} 
TL/F/10158-15 

FIGURE 1-11b. tPHL A to~. All Paths 

1.1 

1.08 

1.06 

1.Q4 

1.()2 

0.98 

0.96 

0.94 

0.92 

0.94------1-------l 

5.5 5.0 

Volts 
TL/F/10158-16 
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FIGURE 1·11d. FACT Process Effects on Delay Times 
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FIGURE 1·11e. tPHL• A to B, with 
Voltage and Process Variation 

The same reasoning can be applied to setup and hold 
times. Consider the 'AC7 4. The setup time is 3.0 ns while 
the hold time is 0 ns. Theoretically, if these numbers were 
violated, the device would malfunction; however, in actuali
ty, the device probably will not malfunction. Lookin!=) at the 
typical setup and hold times gives a better understanding of 
the device operation. 
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At 25°C and 5.0V, the setup time is 1.5 ns while the hold 
time is -1.5 ns. They are the same; a positive setup time 
means the control signal to be valid before the clock edge, 
a positive hold time indicates the control signal will be held 
valid after the clock edge for the specified time, and a nega
tive hold time means the control signal can transition before 
the clock edge. FACT devices were designed to be as im
mune to metastability as possible. This is reflected in the 
typical specifications. The true "critical" time where the in
put is actually sampled is extremely short: less than 50 ps. 

By applying the same reasoning as we did to the propaga
tion delays to the setup and hold times, it becomes obvious 
that the spread from setup to hold time (3 ns worst-case) 
really covers devices across the entire process/tempera
ture/voltage spread. The real difference between the setup 
and hold times for any single device, at a specified tempera
ture and voltage, is negligible. 

CAPACITIVE LOADING EFFECTS 

In addition to temperature and power supply effects, capaci
tive loading effects for loads greater than 50 pF should be 
taken into account for propagation delays of FACT devices. 
Minimum delay numbers may be determined from the table 
below. Propagation delay are measured to the 50% point of 
the output waveform. 

Parameter 
Voltage (V) 

Units 
3.0 4.5 5.5 

tPLH 31 22 19 ps/pF 

tPHL 18 13 12.5 ps/pF 

TA= 2s·c 

The two graphs following, Figures 1-12 and 1-13, describe 
propagation delays on FACT devices as affected by varia
tions in power supply voltage (Vee) and lumped load capac
itance (CL). Figures 1-14 and 1-15 show the effects of 
lumped load capacitance on rise and fall times for FACT 
c.i1:1vic1:1s. 
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FIGURE 1·12. Propagation Delay VS Vee ('ACOO) 
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FIGURE 1-15. tfall VS Capacitance 

A major problem with CMOS has been its sensitivity to 
latch-up, usually attributed to high parasitic gains and high 
input impedance. FACT logic is guaranteed not to latch-up 
with dynamic currents of 100 mA forced into or out of the 
inputs or the outputs under worst case conditions (TA = 
125°C and Vee = 5.5 Voe). At room temperature the parts 
can typically withstand dynamic currents of over 450 mA. 
For most designs, latch-up will not be a problem, but the 
designer should be aware of its causes and how to prevent 
it. 

N-Channel MOS 
.--------.JA'----------. 

N + Substrate 
0.008-0.25 ohm-cm 

TL/F/10158-23 

FIGURE 1-16. FACT EPI Process Cross Section with Latch-up Circuit Model 
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Circuit Characteristics (Continued) 

FACT devices have been specifically designed to reduce 
the possibility of latch-up occurring; National Semiconductor 
accomplished this by lowering the gain of the parasitic tran
sistors, redudng substrate and p-well resistivity to increase 
external drive current required to cause a parasitic to turn 
ON, and careful design and layout to minimize the sub
strate-injected current coupling to other circuit areas. 

ELECTROSTATIC DISCHARGE (ESD) SENSITIVITY 

FACT circuits show excellent resistance to ESD-type dam
age. These logic devices are classified as category "B" of 
MIL-STD-BB3C, test method 3015, and withstand 4000V 
typically. FACT logic is guaranteed to have 2000V ESD im
munity on all inputs and outputs. FACT parts do not require 
any special handling procedures. However, normal handling 
precautions should be observed as in the case of any semi
conductor device. 

R1 = 800 k.Q (min) 

Figure 1-17shows the ESD test circuit used in the sensitivity 
analysis for this specification. Figure 1-18 is the pulse wave
form required to perform the sensitivity test. 

The test procedure is as follows; five pulses, each of 2000V, 
are applied to every combination of pins with a five second 
cool-down period between each pulse. The polarity is then 
reversed and the same procedure, pulse and pin combina
tion used for an additional five discharges. Continue until all 
pins have been tested. If none of the devices from the sam
ple population fails the DC and AC test characteristics, the 
device shall be classified as category B of MIL-STD-883C, 
TM-3015. For further specifications of TM-3015, refer to the 
relevant standard. The voltage is increased and the testing 
procedure is again performed; this entire process is repeat
ed until all pins fail. This is done to thoroughly evaluate all 
pins. 
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1--------"V Relay 

Cho~ Dboho .. , 

11=100pF 

Calibrate 

Regulated 
High Voltage DC 

Supply Voltmeter 
R3 = 1500.Q 

FIGURE 1-17. ESD Test Circuit 
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Circuit Characteristics (Continued) 

RADIATION TOLERANCE 

Semiconductors subjected to radiation environments under
go degradation in operating life as their exposure to radia
tion increases. As technology advances, so does the de
mand for radiation-tolerant devices. National is meeting this 
challenge by developing the FACT family into a comprehen
sive radiation tolerant product for present and future rad
hard needs. Such applications include: 

• Space 

- Satellites 

- Space Stations 

• Airborne and Military 

- Fighters/Bombers 

- Missile Systems 

- Ground Based Systems 

- Navigation & Communications 

• Commercial 

- Power Stations 

- Medical 

- Food and Bacterial Control 

Radiation tolerant semiconductors increase the useful life of 
the product in which they are incorporated. Additionally, ra
diation tolerant devices reduce shielding requirements and 
improve stabilization of parametric performance, resulting in 
cost reductions for shielding and weight, reduce power con
sumption and size. 

RADIATION TEST LIMITS 

Listed below are National proposed procedures to test and 
guarantee FACT devices for radiation exposure limits: 

• Total Dose 

- Method 1019 per MIL-STD-883 

- Individual limits per FACT radiation tolerant data sheet 
specification 

- No functional failures 

- Gamma rays 

• Transient Dose/Latchup 

- Methods 1020, 1021 per MIL-STD-883 

- Minimum transient upset threshold specification 

- Minimum latchup threshold specification 

- Device burnout specification 

- Gamma rays/Flash X-ray 

• Neutron 

- Test not required for CMOS product 

• Single Event Upset 

- To be announced in the future 
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SUMMARY OF TESTING 

To demonstrate and verify FACT's radiation tolerance, we 
have characterized several standard FACT device types in a 
"total dose" irradiation test environment. Standard manu
facturing techniques were used in the production of all cir
cuits. Devices of the same type were manufactured from the 
same wafer. 

Test results offer an indication of how various radiation envi
ronments affect specific standard FACT product. In most 
instances the standard FACT devices that were exposed to 
varying levels of total dose radiation showed reduced power 
consumption over functionally similar FAST and Schottky 
device types in non-radiation environments. Figure 1-19 
shows a FACT device's 54AC245 power consumption at 
various dose levels. 
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FIGURE 1·19. Total Dose Response (54AC245) 

Total dose irradiation is presently performed "in-house" us
ing a AECL Gamma Cell 220, Cobalt-60, source (National 
Bureau of Standards certified). Step-stress radiation testing 
is performed on each part-type. After each total dose level, 
o. cciil;:;lcto parametric test (CC and AC) is c.lonti d.llu Lht:l 
parametric values evaluated. Because of circuit design and 
layout differences, each part type has its own unique radia
tion response. 

FACT IS RADIATION TOLERANT 

FACT logic employs the use of thin gate oxides, oxidation 
cycles, and annealing steps that enhance the tolerance of 
the standard FACT product line. 

We are conducting additional testing and are evaluating fur
ther design enhancements for increased radiation tolerance 
levels of our FACT devices. Our current goal is a radiation 
tolerant FACT product line which exceeds the U.S. Govern
ment's VHSIC Phase II radiation requirements. At that time, 
National radiation tested products are guaranteed at various 
total dose tolerance levels ranging between 50 krads(Si) 
and 1 Mrad(Si). 
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Ratings, Specifications and Waveforms 

Specifying FACT™ Devices 
Traditionally, when a semiconductor manufacturer complet
ed a new device for introduction, specifications were based 
on the characterization of just a few parts. While these 
specifications were appealing to the designer, they were of
ten too tight and, over time, the IC manufacturers had diffi
culty producing devices to the original specs. This forced 
the manufacturer to relax circuit specifications to reflect the 
actual performance of the device. 

As a result, designers were required to review system de
signs to ensure the system would remain reliable with the 
new specifications. National Semiconductor realized and 
understood the problems associated with characterizing de
vices too aggressively. 

To provide more realistic and manufacturable specs, Na
tional Semiconductor devised a systematic and thorough 
process to generate specifications. Devices are selected 
from multiple wafer lots to ensure process variations are 
taken into account. In addition, the process parameters are 
measured and compared to the known process limits. With 
more than three years of experience manufacturing FACT 
logic, National Semiconductor can accurately predict how 
these wafer lots compare with the best and worse case lots 
that can possibly be expected. 

This method of characterizing parts more accurately repre
sents the product across time, voltage, temperature and 
process rather than portraying the fastest possible device. 

These specification guidelines allow designers to design 
systems more efficiently since the devices used will behave 
as documented. Unspecified guardbands no longer need to 
be added by the designer to ensure system reliability. 

Power Dissipation-Test 
Philosophy 
In an effort to reduce confusion about measuring power dis
sipation capacitance, Cpo, a JEDEC standard test proce
dure (7 A Appendix E) has been adopted which specifies the 
test setup for each type of device. This allows a device to 
be exercised in a consistent manner for the purpose of 
specification comparison. 

The following is a list of different types of logic functions, 
along with the input setup conditions under which the Cpo 
was measured for each type of device. By understanding 
how the device was exercised during Cpo measurements, 
the designer can understand whether the Cpo specified for 
that particular device reflects the total power dissipation ca-
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pacitance for either the entire device or for just a certain 
stage of that device. For example, from the following list, it 
is apparent that the Cpo value specified for a counter re
flects the internal capacitance for the entire device, since 
the entire device is being exercised during measurement. 
On the other hand, the Cpo value specified for an octal line 
driver reflects the internal capacitance for only one of eight 
stages, since only one input was being switched during test. 
Therefore the octal's overall power dissipation should be 
calculated for each of the eight stages, individually. 

During the Cpo measurements, each output that is being 
switched should be loaded with the standard 50 pF and 
500.fl load. All device measurements are made with Vee= 
5.0V at 25°C, with TRI-STATE® outputs enabled. 

Gates/Buffers/ 
Line Drivers: 

Latches: 

Flip-Flops: 

Decoders: 

Multiplexers: 

Counters: 

Shift Registers: 

Transceivers: 

Parity Generator: 

Priority Encoders: 

Switch one input. Bias the remaining 
inputs such that one output switches. 

Switch the Enable and D inputs such 
that the latch toggles. 

Switch the clock pin while changing D 
(or bias J and K) such that the out
put(s) change each clock cycle. For 
parts with a common clock, exercise 
only one flip-flop. 

Switch one address pin which chang
es two outputs. 

Switch one address pin with the corre
sponding data inputs at opposite logic 
levels so that the output switches. 

Switch the clock pin with other inputs 
biased such that the device counts. 

Switch the clock pin with ct.her inputs 
biased such that the device counts. 

Switch one data input. For bidirection
al devices enable only one direction. 

Switch one input. 

Switch the lowest priority input. 

AC Loading and Waveforms 
LOADING CIRCUIT 

Figure 1 shows the AC loading circuit used in characterizing 
and specifying propagation delays of all FACT devices ('AC 
and 'ACT) unless otherwise specified in the data sheet of a 
specific device. 
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AC Loading and Waveforms (Continued) 

The use of this load, which is equivalent to the FAST™ 
(Fairchild Advanced Schottky TTL) test jig, differs somewhat 
from previous (HCMOS) practice. This provides more mean
ingful information and minimizes problems of instrumenta
tion and customer correlation. In the past, + 25°C propaga
tion delays for TTL devices were specified with a load of 
15 pF to ground; this required great care in building test jigs 
to minimize stray capacitance and implied the use of high 
impedance, high frequency scope probes. FAST circuits 
changed to 50 pF of capacitance, allowing more leeway in 
stray capacitance and also loading the device during rising 
or falling output transitions. This more closely resembles the 
inloading to be expected in avarage applications and thus 
gives the designer more useful delay figures. We have in
corporated this scheme into the FACT product line. The net 
effect of the change in AC load is to increase the average 
observed propagation delay by about 1 ns. 

The 500n resistor to ground can be a high frequency pas
sive probe for a sampling oscilloscope, which costs much 
less than the equivalent high impedance probe. Alternately, 
the 500n resistor to ground can simply be a 450n resistor 
feeding into a 50n coaxial cable leading to a sampling 
scope input connector, with the internal 50n termination of 
the scope completing the path to ground. This is the pre
ferred scheme for correlation. (See Figure 1.) With this 
scheme there should be a matching cable from the device 
input pin to the other input of the sampling scope; this also 
serves as a 50n termination for the pulse generator that 
supplies the input signal. 

Shown in Figure 1 is a second 500n resistor from the de
vice output to a switch. For most measurements this switch 
is open; it is closed for measuring one set of the Enable/ 

TEST LOAD 

tr=3.0ns 
t1=3.0ns 

SOpf'I 

Disable parameters (LOW-to-OFF and OFF-to-LOW) of a 
TRI-STATE output. With the switch closed, the pair of 500n 
resistors and the 2 x Vee supply voltage establish a quies
cent HIGH level. 

Test Conditions 
Figures 2a and 2b describe the input signal voltage levels to 
be used when testing FACT circuits. The AC test conditions 
follow industry convention requiring V1N to range from OV for 
a logic LOW to 3.0V for a logic HIGH for 'ACT devices and 
OV to Vee for 'AC devices. The DC parameters are normally 
tested with v1N at guaranteed input levels, that is V1H to V1L 
(see data tables for details). Care must be taken to ade
quately decouple these high performance parts and to pro
tect the test signals from electrical noise. In an electrically 
noisy environment, (e.g., a tester and handler not specifical
ly designed for high speed work), DC input levels may need 
to be adjusted to increase the noise margin to allow for the 
extra noise in the tester which would not be seen in a sys
tem. 

Noise immunity testing is performed by raising V1N to the 
nominal supply voltage of 5.0V then dropping to a level cor
responding to V1H characteristics, and then raising again to 
the 5.0V level. Noise tests can also be performed on the V1L 
characteristics by raising V1N from OV to V1L. then returning 
to OV. Both V1H and V1L noise immunity tests should not 
induce a switch condition on the appropriate outputs of the 
FACT device. 

Good high frequency wiring practices should be used in 
constructing test jigs. Leads on the load capacitor should be 
as short as possible to minimize ripples on the output wave-

soon 
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tPHL 
tpzH 
tPHZ 

2 x Yee tpzL 
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FIGURE 1. AC Loading Circuit 
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FIGURE 2a. Test Input Signal Levels 
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Test Conditions (Continued) 
'ACTxx Devices 
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TL/F/10159-3 

FIGURE 2b. Test Input Signal Levels 

form transitions and to mm1m1ze undershoot. Generous 
ground metal (preferably a ground plane) should be used for 
the same reasons. A Vee bypass capacitor should be pro
vided at the test socket, also with minimum lead lengths. 

Rise and Fall Times 
Input signals should have rise and fall times of 3.0 ns and 
signal swing of OV to 3.0V Vee for 'ACT devices or OV to 
Vee for 'AC devices. Rise and fall times less than or equal 
to 1 ns should be used for testing fmax or pulse widths. 

CMOS devices, including 4000 Series CMOS, HC, HCT and 
FACT families, tend to oscillate when the input rise and fall 
times become lengthy. As a direct result of its increased 
performance, FACT devices can be more sensitive to slow 
input rise and fall times than other lower performance tech
nologies. 

It is important to understand why this oscillation occurs. 
Consider the outputs, where the problem is initiated. Usual
ly, c~~OS outputs drlvo cu.pu.crn•o :c .. d:; ~·:lth :c~-.· DC 1~ .. !~
age. When the output changes from a HIGH level to a LOW 
level, or from a LOW level to a HIGH level, this capacitance 
has to be charged or discharged. With the present high per
formance technologies, this charging or discharging takes 
place in a very short time, typically 2-3 ns. The requirement 
to charge or discharge the capacitive loads quickly creates 
a condition where the instantaneous current change 
through the output structure is quite high. A voltage is gen
erated across the Vee or ground leads inside the package 
due to the inductance of these leads. The internal ground of 
the chip will change in reference to the outside world be
cause of this induced voltage. 

TL/F/10159-4 

FIGURE 3. Waveform for Inverting 
and Non-Inverting Functions 

•vmi = 50% Vee for 'AC devices; 1.5V for 'ACT devices 
Vmo = 50% Vee for 'AC/' ACT devices 
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Consider the input. If the internal ground changes, the input 
voltage level appears to change to the OUT. If the input rise 
time is slow enough, its level might still be in the device 
threshold region, or very close to it, when the output 
switches. If the internally-induced voltage is large enough, it 
is possible to shift the threshold region enough so that it re
crosses the input level. If the gain of the device is sufficient 
and the input rise or fall time is slow enough, then the de
vice may go into oscillation. As device propagation delays 
become shorter, the inputs will have less time to rise or fall 
through the threshold region. As device gains increase, the 
outputs will swing more, creating more induced voltage. In
stantaneous current change will be greater as outputs be
come quicker, generating more induced voltage. 

Package-related causes of output oscillation are not entirely 
to blame for problems with input rise and fall time measure
ments. All testers have Vee and ground leads with a finite 
inductance. This inductance needs to be added to the in· 
ductance in the package to determine the overall voltage 
which will be induced when the outputs changt3. As lllt3 ttlf
erence for the input signals moves further away from the pin 
under test, the test will be more susceptible to problems 
caused by the inductance of the leads and stray noise. Any 
noise on the input signal will also cause problems. With 
FACT logic having gains as high as 100, it merely takes a 
50 mV change in the input to generate a full 5V swing on the 
output. 

CONTROL 
IN 

OUTPUT 

TL/F/10159-5 

FIGURE 4. Propagation Delay, Pulse Width 
and tree Waveforms 
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Propagation Delays, f max' 
Set and Hold Times 
A 1.0 MHz square wave is recommended for most propaga
tion delay tests. The repetition rate must necessarily be in
creased for testing fmax· A 50% duty cycle should always be 
used when testing fmax· Two pulse generators are usually 
required for testing such parameters as setup time, hold 
time, recovery time, etc. 

Enable and Disable Times 
Figures 5 and 6 show that the disable times are measured 
at the point where the output voltage has risen or fallen by 
0.3V from Vol or VoH. respectively. This change enhances 
the repeatability of measurements, and gives the system 
designer more realistic delay times to use in calculating min
imum cycle times. Since the high impedance state rising or 
falling waveform is RC-controlled, the first 0.3V of change is 
more linear and is less susceptible to external influences. 
More importantly, perhaps from the system designer's point 
of view, a change in voltage of 0.3V is adequate to ensure 
that a device output has turned OFF. Measuring to a larger 
change in voltage merely exaggerates the apparent Disable 
times and thus penalizes system performance since the de
signer must use the Enable and Disable times to devise 
worst case timing signals to ensure that the output of one 
device is disabled before that of another device is enabled. 
Note that the measurement points have been changed from 
the previous 10% and 90% points. This better reflects actu
al test points and does not change specification limits. 

Electrostatic Discharge 
Precautions should be taken to prevent damage to devices 
by electrostatic discharge. Static charge tends to accumu
late on insulated surfaces such as synthetic fabrics or car
peting, plastic sheets, trays, foam, tubes or bags, and on 
ungrounded electrical tools or appliances. The problem is 
much worse in a dry atmosphere. In general, it is recom
mended that individuals take the precaution of touching a 
known ground before handling devices. To effectively avoid 
electrostatic damage to FACT devices, it is recommended 
that individuals wear a grounded wrist strap when handling 
devices. More often, handling equipment, which is not prop
erly grounded, causes damage to parts. Ensure that all plas
tic parts of the tester, which are near the device, are con
ductive and connected to ground. 

c0ouJ;RucJL ~~ 
t;l~~~zl:--

DATA VoH 
OUT VoH -0.3V 

TL/F/10159-6 

FIGURE 5. TRI-STATE Output High 
Enable and Disable Times 
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TL/F/10159-8 

FIGURE 7. Setup Time, Hold Time and Recovery Time 

•vm; = 50% Vee for 'AC devices; 1.5V for 'ACT devices 
Vmo = 50% Vee for 'AC/'ACT devices 

FACT Noise Characteristics 
The setup of a noise characteristics measurement is critical 
to the accuracy and repeatability of the tests. The following 
is a brief description of the setup used to measure the noise 
characteristics of FACT. 

Equipment: 

Hewlett Packard Model 81 SOA Word Generator 
PC-163A Test Fixture 
Tektronics Model 7854 Oscilloscope 

Procedure: 

1. Verify Test Fixture Loading: Standard Load 50 pF, 500!1. 

2. Deskew the word generator so that no two channels have 
greater than 150 ps skew between them. This requires 
that the oscilloscope be deskewed first. Swap out the 
channels that have more than 150 ps of skew until all 
channels being used are within 150 ps. It is important to 
deskew the word generator channels before testing. This 
will ensure that the outputs switch simultaneously. 

3. Terminate all inputs and outputs to ensure proper loading 
of the outputs and that the input levels are at the correct 
voltage. 

4. Set Vee to 5.0V. 



FACT Noise Characteristics (Continued) 

5. Set the word generator to toggle all but one output at a 
frequency of 1 MHz. Greater frequencies will increase 
OUT heating and affect the results of the measurement. 

ACTIVE 
OUTPUTS 

----VoH 

----Vol 

~~g~p 
oi?r~1~ • - - - - - - • VoHV 

UNDER TEST~~~~~~~~~~= = = = : ~~~: 
TL/F/10159-9 

FIGURE 8. Quiet Output Noise Voltage Waveforms 
Note A. VoHv and VoLP are measured with respect to ground reference. 

Note B. Input pulses have the following characteristics: f = 1 MHz, tr = 
3 ns, t1 = 3 ns, skew < 150 ps. 

6. Set the word generator input levels at OV LOW and 3V 
HIGH for ACT devices and OV LOW and 5V HIGH for AC 
devices. Verify levels with a digital volt meter. 

VoLPIVOLV and VoHPIVoHv: 

• Determine the quiet output pin that demonstrates the 
greatest noise levels. The worst case pin will usually be 
the furthest from the ground pin. Monitor the output volt
ages using a son coaxial cable plugged into a standard 
SMB type connector on the test fixture. Do not use an 
active FET probe. 

@ 
HP8180A 

WORD 
GENERATOR 

Vee 

OUT 

• Measure VoLP and VoLV on the quiet output during the 
HL transition. Measure VoHP and VoHv on the quiet out
put during the LH transition. 

• Verify that the GND reference recorded on the oscillo
scope has not drifted to ensure the accuracy and repeat
ability of the measurements. 

ViLD and V1Ho: 

• Monitor one of the switching outputs using a son coaxial 
cable plugged into a standard SMB type connector on 
the test fixture. Do not use an active FET probe. 

• First increase the input LOW voltage level, V1L. until the 
output begins to oscillate. Oscillation is defined as noise 
on the output LOW level that exceeds V1L limits, or on 
output HIGH levels that exceed V1H limits. The input 
LOW voltage level at which oscillation occurs is defined 

as V1LD· 
• Next increase the input HIGH voltage level on the word 

generator, V1H until the output begins to oscillate. Oscilla
tion is defined as noise on the output LOW level that 
exceeds Vil limits, or on output HIGH levels that exceed 
V1H limits. The input HIGH voltage level at which oscilla
tion occurs is defined as V1HD· 

• Verify that the GND reference recorded on the oscillo
scope has not drifted to ensure the accuracy and repeat
ability of the measurements. 

@ 
TEK7854 

TL/F/10159-10 

FIGURE 9. Simultaneous Switching Test Circuit 
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Design Considerations 

Today's system designer is faced with the problem of keep
ing ahead when addressing system performance and reli
ability. National Semiconductor's CMOS helps designers 
achieve these goals. 

FACT™ (Fairchild Advanced CMOS Technology) logic was 
designed to alleviate many of the drawbacks that are com
mon to current technology logic circuits. FACT logic com
bines the low static power consumption and the high noise 
margins of CMOS with a high fan-out, low input loading and 
a 50n transmission line drive capability (comparable to Na
tional Semiconductor's FAST bipolar technology family) to 
offer a complete family of 1.3-micron SSI, MSI and LSI de
vices. 

Performance features such as advanced Schottky speeds 
at CMOS power levels, advanced Schottky drive, excellent 
noise, ESD and latch-up immunity are characteristics that 
designers of state-of-the-art systems require. FACT logic 
answers all of these concerns in one family of products. To 
fully utilize the advantages provided by FACT, the system 
designer should have an understanding of the flexibility as 
well as the trade-offs of CMOS design. The following sec
tion discusses common design concerns relative to the per
formance and requirements of FACT. 

There are six items of interest which need to be evaluated 
when implementing FACT devices in new designs: 

• lnterfacing-interboard and technology interfaces, bat
tery backup and power down or live insert/extract sys
tems require some special thought. 

• Transmission Line Driving-FACT has line driving capa
bilities superior to all CMOS families and most TTL fami
lies. 

• Noise effects-As edge rates increase, the probability of 
crosstalk and ground bounce problems increases. The 
enhanced noise immunity and high threshold levels im
prove FACT's resistance to crosstalk problems. 

• Board Layout-Prudent board layout will ensure that 
most noise effects are minimized. 

• Power Supplies and Decoupling-Maximize ground and 
Vee traces to keep Vee/ground impedance as low as 
possible; full ground/Vee planes are best. Decouple any 
device driving a transmission line; otherwise add one ca
pacitor for every package. 

• Electromagnetic Interference 

Interfacing 
FACT devices have outputs which combine balanced 
CMOS outputs with high current line driving capability. Each 
standard output is guaranteed to source or sink 24 mA of 
current at worst case conditions. This allows FACT circuits 
to drive more loads than standard advanced Schottky parts; 
FACT can directly drive FAST®, ALS, AS, LS, HC and HCT 
devices. 
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Yee 

TL/F/10160-1 

FIGURE 3·1. Interfacing FACT to NMOS, CMOS and TTL 

FACT devices can be directly driven by both NMOS and 
CMOS families, as shown in Figure 3-1, operating at the 
same rail potential without special considerations. This is 
possible due to the low input loading of FACT product, guar
anteed to be less than 1 µA per input. 

Some older technologies, including all existing TTL families, 
will not be able to drive FACT circuits directly; this is due to 
inadequate high level capability, which is guaranteed to 
2.4V. There are two simple approaches to the TTL-to-FACT 
interface problem. A TTL-to-CMOS converter can be con
structed employing a resistor pull-up to Vee of approximate
ly 4.7 kn, which is depicted in Figure 3-2. The correct HIGH 
level is seen by the CMOS device while not loading down 
the TTL driver. 

m 

TL/F/10160-2 

FIGURE 3·2. V1H Pull-Up on TTL Outputs 

Unfortunately, there will be designs where including a pull
up resistor will not be acceptable. In these cases, such as a 
terminated TTL bus, National Semiconductor has designed 
devices which offer thresholds that are TTL-compatible 
(Figure 3-3). These interfaces tend to be slightly slower than 
their CMOS-level counterparts due to an extra buffer stage 
required for level conversion. 

Yee 

TL/F/10160-3 

FIGURE 3·3. TTL Interfacing to 'ACT 
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Interfacing (Continued) 

ECL devices cannot directly drive FACT devices. Interfacing 
FACT-to-EGL can be accomplished by using TTL-to-ECL 
translators and 10125 ECL-to-TTL translators in addition to 
following the same rules on the TTL outputs to CMOS in
puts (i.e., a resistor pull-up to Vee of approximately 4.7 k!l). 
The translation can also be accomplished by a resistive net
work. A three-resistor interface between FACT and ECL log
ic is illustrated in Figure 3-4a. Figures 3-4b and 3-4c show 
the translation from EGL-to-FACT, which is somewhat more 
complicated. These two examples offer some possible inter
faces between ECL and FACT logic. 

+5V 

-5.2V 
TL/F/10160-4 

FIGURE 3·4a. Resistive FACT-to-ECL Translation 

- .... ----.---+5V 

510D. 

D1, D2 - HP5082-2A 11 
T1, T2-2N2369 

-------------VEE 
TL/F/10160-5 

FIGURE 3-4b. Single-Ended ECL-to·' AC Circuit 

-------+SV 

620D. 620D. 

D1, Di- HP5082-2A 11 
o3-IN414A 

-..----~t---+------VEE 

TL/F/10160-6 

FIGURE 3-4c. Differential Output ECL-to-'AC Circuit 
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It should be understood that for FACT, as with other CMOS 
technologies, input levels that are between specified input 
values will cause both transistors in the CMOS structure to 
be conducting. This will cause a low resistive path from the 
supply rail to ground, increasing the power consumption by 
several orders of magnitude. It is important that CMOS in
puts are always driven as close as possible to the rail. 

----o----
I I 

TL/F/10160-7 

FIGURE 3-5. Crystal Oscillator Circuit 
Implemented with FACT 'ACOO 

Line Driving and Termination 
With the available high-speed logic families, designers can 
reach new heights in system performance. Yet, these faster 
devices require a closer look at transmission line effects. 

Although all circuit conductors have transmission line prop
erties, these characteristics become significant when the 
edge rates of the drivers are equal to or less than three 
times the propagation delay of the line. Significant transmis
sion line properties may be exhibited in an example where 
devices have edge rates of 3 ns and lines of 8 inches or 
greater, assuming propagation delays of 1.7 ns/ft for an 
unloaded printed circuit trace. 

Of the many properties of transmission lines, two are of 
major interest to the system designer: Zoe• the effective 
equivalent impedance of the line, and tpde• the effective 
propagation delay down the line. It should be noted that the 
intrinsic values of line impedance and propagation delay, Z0 

and tpd. are geometry-dependent. Once the intrinsic values 
are known, the effects of gate loading can be calculated. 
The loaded values for Zoe and ~pde can be calculated with: 

Zo 
Zoe= ~1 + C1/C1 

tpde = tpd ~1 + C1/C1 

where C1 = intrinsic line capacitance and Ct = additional 
capacitance due to gate loading. 

The formulas indicate that the loading of lines decreases 
the effective impedance of the line and increases the propa
gation delay. Lines that have a propagation delay greater 
than one third the rise time of the signal driver should be 
evaluated for transmission line effects. When performing 
transmission line analysis on a bus, only the longest, most 
heavily loaded and the shortest, least loaded lines need to 
be analyzed. All lines in a bus should be terminated equally; 
if one line requires termination, all lines in the bus should be 
terminated. This will ensure similar signals on all of the lines. 



Line Driving and Termination (Continued) 
There are several termination schemes which may be used. 
Included are series, parallel, AC parallel and Thevenin ter
minations. AC parallel and series terminations are the most 
useful for low power applications since they do not con
sume any DC power. Parallel and Thevenin terminations ex
perience high DC power consumption. 

TL/F/10160-8 

a. No Termination 

TL/F/10160-9 

b. Serles Termination 

TL/F/10160-10 

c. Parallel Termination 

TL/F/10160-11 

d. AC Parallel Termination 

J 

I i 
TL/F/10160-12 

e. Thevenin Termination 

FIGURE 3-6a. Termination Schemes 

SERIES TERMINATIONS 

Series terminations are most useful in high-speed applica
tions where most of the loads are at the far end of the line. 
Loads that are between the driver and the end of the line 
will receive a two-step waveform. The first wave will be the 
incident wave. The amplitude is dependent upon the output 
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impedance of the driver, the value of the series resistor and 
the impedance of the line according to the formula 

Vw = Vee• Zoel(Zoe + Rs + Zs) 

The amplitude will be one-half the voltage swing if Rs (the 
series resistor) plus the output impedance (Zs) of the driver 
is equal to the line impedance. The second step of the 
waveform is the reflection from the end of the line and will 
have an amplitude equal to that of the first step. All devices 
on the line will receive a valid level only after the wave has 
propagated down the line and returned to the driver. There
fore, all inputs will see the full voltage swing within two times 
the delay of the line. 

PARALLEL TERMINATION 

Parallel terminations are not generally recommended for 
CMOS circuits due to their power consumption, which can 
exceed the power consumption of the logic itself. The pow
er consumption of parallel terminations is a function of the 
resistor value and the duty cycle of the signal. In addition, 
parallel termination tends to bias the output levels of the 
driver towards either Vee or ground. While this feature is not 
desirable for driving CMOS inputs, it can be useful for driv
ing TTL inputs. 

AC PARALLEL TERMINATION 

AC parallel terminations work well for applications where 
the delays caused by series terminations are unacceptable. 
The effects of AC parallel terminations are similar to the 
effects of standard parallel terminations. The major differ
ence is that the capacitor blocks any DC current path and 
helps to reduce power consumption. 

Thevenin Termination 
Thevenin terminations are also not generally recommended 
due to their power consumption. Like parallel termination, a 
DC path to ground is created by the terminating resistors. 
The power consumption of a Thevenin termination, though, 
will generally not be a function of the signal duty cycle. 
Thevenin terminations are more applicable for driving 
CMOS inputs because they do not bias the output levels as 
paralleled terminations do. It should be noted that lines with 
Thevenin terminations should not be left floating since this 
will cause the input levels to float between Vee or ground, 
increasing power consumption. 

• Parallel: 
• Thevenin: 
• Series: 
•AC: 

Resistor = Z0 

Resistor = 2 x Z0 

Resistor = Z0 - Zout 
Resistor = Z0 

. 3td 
Capacitor = C ~ -

Zo 
• Active: Resistor = 2 x Z0 

Figure 3-6b. Suggested Termination Values 
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Thevenin Termination (Continued) 

so...-~~~~~~~~~~~~~~-, 

·----·-·__.. --------
40 ------No Termination 

--- 50.n Parallel 

---- 33.n Serles 

20 --- 500 pF, 63.n AC 

o-1i1=:::;. .............. ~..--.-~-r--r-~-r-"""'T'~.--....., 

0 2 4 6 8 10 12 14 16 18 20 

FREQUENCY {MHz) 
TL/F/10160-13 

FIGURE 4-6c. FACT Ice VS Termination 

FACT circuits have been designed to drive 50f! transmis
sion lines over the full commercial temperature range and 
75f! transmission lines over the military temperature range. 
This is guaranteed by the FACT family's specified dynamic 
drive capability of 86 mA sink and 75 mA source current. 
This ensures incident wave switching on 50f! transmission 
lines and is consistent with the 3 ns rated edge transition 
time. 

FACT devices also feature balanced output totem pole 
structures to allow equal source and sink current capability. 
This gives rise to balanced edge rates and equal rise and 
fall times. Balanced drive capability and transition times 
eliminate both the need to calculate two different delay 
times for each signal path and the requirement to correct 
signal polarity for the shortest delay time. 

FACT product inputs have been created to take full advan
tage of high output levels to deliver the maximum noise im
munity to the system designer. V1H and V1L are specified at 
70% and 30% of Vee respectively. The corresponding out
put levels, VoH and VoL. are specified to be within 0.1V of 
the rails, of which the output is sourcing or sinking 50 µA or 
less. These noise margins are outlined in Figure 3-7. 

Vee 

703 ,------........ 
503-r- l_503 

___/ ---cl2L 
TL/F/10160-14 

FIGURE 3-7. Input Threshold 

CMOS Bus Loading 
CMOS logic devices have clamp diodes from all inputs and 
outputs to Vee and ground. While these diodes increase 
system reliability by damping out undershoot and overshoot 
noise, they can cause problems if power is lost. 

Figure 3-8 exemplifies the situation when power is removed. 
Any input driven above the Vee pin will forward-bias the 
clamp diode. Current can then flow into the device, and out 
Vee or any output that is HIGH. Depending upon the sys
tem, this current, liN. can be q~ite high, and may not al~ow 
the bus voltage to reach a valid HIGH state. One possible 
solution to eliminate this problem is to place a series resis
tor in the line. 

------------~-'cc~~ ...... ------.... --. 

lour 

TL/F/10160-15 

FIGURE 3-8. Noise Effects 
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Noise Effects 
FACT offers the best noise immunity of any competing tech
nology available today. With input thresholds specified at 
30% and 70% of Vee and outputs that drive to within 
100 mV of the rails, FACT devices offer noise margins ap
proaching 30% of Vee· At 5V Vee. FACT's specified input 
and output levels give almost 1.5V of noise margin for both 
ground- and Vee-born noise. With realistic input thresholds 
closer to 50% of Vee. the actual margins approach 2.5V. 

However, even the most advanced technology cannot alone 
eliminate noise problems. Good circuit board layout tech
niques are essential to take full advantage of the superior 
performance of FACT circuits. 

Well-designed circuit boards also help eliminate manufac
turing and testing problems. 

Another recommended practice is to segment the board 
into a high-speed area, a medium-speed area and a low
speed area. The circuit areas with high current requirements 
(i.e., buffer circuits and high-speed logic) should be as close 
to the power supplies as possible; low-speed circuit areas 
can be furthest away. 

Decoupling capacitors should be adjacent to all buffer 
chips; they should be distributed throughout the logic: one 
capacitor per chip. Transmission lines need to be terminat
ed to keep reflections minimal. To minimize crosstalk, long 
signal lines should not be close together. 

Crosstalk 
The problem of crosstalk and how to deal with it is becom
ing more important as system performance and board den
sities increase. Crosstalk is the capacitive coupling of sig
nals from one line to another. The amplitude of the noise 
generated on the inactive line is directly related to the edge 
rates of the signal on the active line, the proximity of the two 
lines and the distance that the two lines are adjacent. 

Crosstalk has two basic causes. Forward crosstalk, Figure 
3-9a, is caused by the wavefront propagating down the 
printed circuit trace at two different velocities. This differ
ence in velocities is due to the difference in the dielectric 
constants of air (Er = 1.0) and epoxy glass (Er = 4.7). As 
the wave propagates down the trace, this difference in ve
locities will cause one edge to reach the end before the 
other. This delay is the cause of forward crosstalk; it in
creases with longer trace length, so consequently the mag
nitude of forward crosstalk will increase with distance. 

Reverse crosstalk, Figure 3-9b, is caused by the mutual in
ductance and capacitance between the lines which is a 
transformer action. Reverse crosstalk increases linearly 
with distance up to a critical length. This critical length is the 
distance that the signal can travel during its rise or fall time. 

Although· crosstalk cannot be totally eliminated, there are 
some design techniques that can reduce system problems 
resulting from crosstalk. FACT's industry-leading noise mar
gins make systems immune to crosstalk-related problems 
easier to design. FACT's AC noise margins, shown in Fig
ures 3-10a and 3-10b, exemplify the outstanding immunity 
to everyday noise which can effect system reliability. 
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I 
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TL/F/10160-16 

This figure shows traces taken on a test fixture designed to exaggerate the amplitude of crosstalk pulses. 
FIGURE 3·9a. Forward Crosstalk on PCB Traces 
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This figure shows traces taken on a test fixture designed to exaggerate the amplitude of crosstalk pulses. 
FIGURE 3·9b. Reverse Crosstalk on PCB Traces 
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Crosstalk (Continued) 
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FIGURE 3-9c. Partially Coupled Lines 
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FIGURE 3·10a. High Noise Margin 
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FIGURE 3·10b. Low Noise Margin 

With over 2.0V of noise margins, the FACT family offers 
better noise rejection than any other comparable technolo
gy. 

In any design, the distance that lines run adjacent to each 
other should be kept as short as possible. The best situation 
is when the lines are perpendicular to each other. For those 
situations where lines must run parallel, the effects of cross
talk can be minimized by line termination. Terminating a line 
in its characteristic impedance reduces the amplitude of an 
initial crosstalk pulse by 50%. Terminating the line will also 
reduce the amount of ringing. Crosstalk problems can also 
be reduced by moving lines further apart or by inserting 
ground lines or planes between them. 

Signal on Active L'::f 

Vn =Coupled Signal 

TL/F/10160-26 

Noise Amplitude at A R 
Versus R V =R+Zo 

------ 100%: No= R 

------ 67%: R = 2Zo 
60%: R = 1.5Zo 

11,.------ 50%: R = Zo 

TL/F/10160-27 

FIGURE 3·11a. Effects of Termination on Crosstalk 
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Gnd 

• Minimize parallel trace lengths 
• Maximize distance "S" between traces to minimize crosstalk 
• Add ground trace ~ between signal traces 
• Minimize distance h to keep line impedance low 

TL/F/10160-32 

FIGURE 3·11b. PCB Layout Tips 
for Crosstalk Avoidance 

Ground Bounce 
Ground bounce occurs as a result of the intrinsic character
istics of the leadframes and bondwires of the packages 
used to house CMOS devices. As edge rates and drive ca
pability increase in advanced logic families, the effects of 
these intrinsic electrical characteristics become more pro
nounced. 

Figure 3-12a shows a simple circuit model for a device in a 
leadframe driving a standard test load. The inductor L 1 rep
resents the parasitic inductance in the ground lead of the 
package; inductor L2 represents the parasitic inductance in 
the power lead of the package; inductor L3 represents the 
parasitic inductance in the output lead of the package; the 
resistor R 1 represents the output impedance of the device 
output, and the capacitor and resistor CL and RL represent 
the standard test load on the ouput of the device. 



Ground Bounce (Continued) 

L3 

TL/F/10160-26 

FIGURE 3-12a. Output Model 

\_ 
TL/F/10160-29 

FIGURE 3-12b. Output Voltage 

_J l_ 
TL/F/10160-30 

FIGURE 3-12c. Output Current 

TL/F/10160-31 

FIGURE 3-12d. Inductor Voltage 

The three waveforms shown in Figures 3-12b, c and d, de
pict how ground bounce is generated. The first waveform 
shows the voltage (V) across the load as it is switched from 
a logic HIGH to a logic LOW. The output slew rate is depen
dent upon the characteristics of the output transistor, the 
inductors L 1 and L3, and CL, the load capacitance. The 
second waveform shows the current that is generated as 
the capacitor discharges [I = CL • dV I dt]. The third wave-
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form shows the voltage that is induced across the induc
tance in the ground lead due to the changing currents 
[Vgb = -L • (dl/dt)]. 
Note: These models are included in order to assist in generating an under

standing of where Ground Bounce originates. They are not intended 
to be used to predict the amplitude or duration of Ground Bounce 
noise. To use them as such will give inaccurate results. If all factors 
are taken into account, highly complex equations will result. Since 
these models are so complex, we shall use empirical results to devel
op an understanding of Ground Bounce. 

There are many factors which affect the amplitude of the 
ground bounce. Included are: 

• Number of outputs switching simultaneously: more out
puts results in more ground bounce. 

• Type of output load: capacitive loads generate two to 
three times more ground bounce than typical system 
traces. Increasing the capacitive load to approximately 
60 pF-70 pF increases ground noise. Beyond 70 pF, 
ground noise drops off due to the filtering effect of the 
load. Moving the load away from the output reduces the 
ground bounce. 

• Location of the output pin: outputs closer to the ground 
pin exhibit less ground bounce than those further away. 

• Voltage: lowering Vee reduces ground bounce. 

• Test fixtures: standard test fixtures generate 30% to 
50% more ground bounce than a typical system since 
they use capacitive loads which both increase the AC 
load and form LCR tank circuits that oscillate. 
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FIGURE 3-13a. Test Jig Ground Bounce 
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Ground Bounce (Continued) 
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FIGURE 3-13b. Test Fixture Quiet Output Noise FACT AC374 
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FIGURE 3-14a. Ground Bounce in a System 
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Ground Bounce (Continued) 
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FIGURE 3-14b. System Ground Bounce 
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FIGURE 3·15a. Ground Bounce Demo Board Block Diagram 
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Ground Bounce (Continued) 
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Figure 3-15b. System Quiet Output Noise FACT AC244 

Ground bounce produces several symptoms: 

• Altered device states. FACT logic does not exhibit this 
symptom. 

• Propagation delay degradation. FACT devices are speci
fied not to degrade more than 250 ps per additional out
put switching. 

• Undershoot on active outputs. The worst-case under
shoot will be approximately equal to the worst-case quiet 
output noise. 

• Quiet output noise. FACT logic's worst-case quiet output 
noise has been measured to be approximately 500 mV-
1100 mV in actual system applications. 

Synchronous Signals 

CMOS Inputs 

Other Devices 

Use caution when using FACT octals to drive 
asynchronous signals into TTL level inputs. 

TL/F/10160-40 

FIGURE 3-16. Design Recommendation 

Looking at the entire spectrum of logic applications, we can 
break them up into two distinct categories: Synchronous 
Signals and Asynchronous Signals. Only asynchronous sig
nals could be affected because device generated noise is 
concurrent with active edges and is within the device's 
specified maximum propagation delay. These signals in
clude Clock Pulses, Resets, Presets, Write Enable, etc. 
Asynchronous signals typically represent only about 10% of 
the overall spectrum of applications. 

These asynchronous signal applications may be broken into 
two categories: TTL Input Thresholds and CMOS Input 
Thresholds. FACT inputs typically switch at 3.0V, for a 
2.0 ns pulse width, and TTL inputs will switch at 1.7V (FAST 
and ALS), for the same pulse width. Because of this addi-
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tional noise margin, ground bounce on asynchronous sig
nals into FACT inputs is not a concern. 

Again breaking up the TTL inputs group of applications into 
two groups, only those inputs being driven by FACT devices 
with eight or more outputs may be affected. Ground bounce 
created by 6 or less outputs switching simultaneously is 
small when compared to noise levels generated by octals. 
In many cases, the need for buffers can be eliminated be
cause all FACT devices feature 24 mA outputs. 

Therefore only a small segment (about 5%) of applications 
may be affected by device generated noise, that is, FACT 
octal devices driving asynchronous signals into TTL input 
thresholds. Although in a system, ground bounce levels, if 
isolated, will not be great enough to switch TTL inputs. How
ever, when summed with the overall possible system noise 
that may couple onto the signal trace line, device generated 
noise becomes a concern. That is why good, low noise de
sign techniques play a valuable role in eliminating noise 
generated system problems. 

Observing either one of the following rules is sufficient to 
avoid running into any of the problems associated with 
ground bounce: 

First, use caution when driving asynchronous TTL-level in
puts from CMOS octal outputs, or Second, use caution 
when running control lines (set, reset, load, clock, chip se
lect) which are glitch-sensitive through the same devices 
that drive data or address lines. 

When it is not possible to avoid the above conditions, there 
are simple precautions available which can minimize ground 
bounce noise. These are: 

• Locate these outputs as close to the ground pin as possi
ble. 

• Use the lowest Vee possible or separate the power sup
plies. 

• Use board design practices which reduce any additive 
noise sources, such as crosstalk, reflections, etc. 



Design Rules 
The set of design rules listed below is recommended to 
ensure reliable system operation by providing the optimum 
power supply connection to the devices. Most designers will 
recognize these guidelines as those they have employed 
with advanced bipolar logic families. 

• Use multi-layer boards with Vee and ground planes, with 
the device power pins soldered directly to the planes to 
insure the lowest power line impedances possible. 

• Use decoupling capacitors for every device, usually 
0.10 µF should be adequate. These capacitors should be 
located as close to the ground pin as possible. 

• Do not use sockets or wirewrap boards whenever possi
ble. 

• Do not connect capacitors from the outputs directly to 
ground. 

.032" 
Epoxy Glass 

e) 2.n Vee 
Impedance 

a)so.n Vee 
Impedance 

~"Board 
b) 100.n Yee 
Impedance 

Decoupling Requirements 
National Semiconductor Advanced CMOS, as with other 
high-performance, high-drive logic families, has special de
coupling and printed circuit board layout requirements. Ad
hering to these requirements will ensure the maximum ad
vantages are gained with FACT products. 

Local high frequency decoupling is required to supply power 
to the chip when it is transitioning from a LOW to HIGH 
value. This power is necessary to charge the load capaci
tance or drive a line impedance. Figure 3-18 displays vari
ous Vee and ground layout schemes along with associated 
impedances. 

For most power distribution networks, the typical impedance 
is between 50!1 and 100!1. This impedance appears in se
ries with the load impedance and will cause a droop in the 
Vee at the part. This limits the available voltage swing at the 
local node, unless some form of decoupling is used. This 
drooping of rails will cause the rise and fall times to become 
elongated. Consider the example described in Figure 3-19 
to calculate the amount of decoupling necessary. This cir
cuit utilizes an 'AC240 driving a 100.n bus from a point 
somewhere in the middle. 

/ 
Gnd__/ / 

~"Board 

c) 68.n Vee 
Impedance Gnd 

~" Board 

d) 1 oo.n Vee 
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FIGURE 3-18. Power Distribution Impedances 
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Decoupling Requirements ccontinued) 

Data Bus 
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FIGURE 3-19. Octal Buffer Driving a 1oon Bus 

Being in the middle of the bus, the driver will see two 1 oon 
loads in parallel, or an effective impedance of 50n. To 
switch the line from rail to rail, a drive of 94 mA is needed; 
more than 750 mA will be required if all eight lines switch at 
once. This instantaneous current requirement will generate 
a voltage across the impedance of the power lines, causing 
the actual Vee at the chip to droop. This droop limits the 
voltage swing available to the driver. The net effect of the 
voltage droop will lengthen device rise and fall times and 
slow system operation. A local decoupling capacitor is re
quired to act as a low impedance supply for the driver chip 
during high current conditions. It will maintain the voltage 
within acceptable limits and keep rise and fall times to a 
minimum. The necessary values for decoupling capacitors 
can be calculated with the formula given in Figure 3-20. 

In this example, if the Vee droop is to be kept below 0.1V 
and the edge rate equals 4 ns, a 0.030 µF capacitor is 
needed. 

It is good practice to distribute decoupling capacitors evenly 
through the logic, placing one capacitor for every package. 

Zee 
Vee Bus 

Vee ..... 1111111 ............... 111-~~ 

l=0.75A 

Q =CV TL/F/10160-45 
I= Ct:.Vlt:.t 
C = lt:.tlt:.V 
t:.t = 4 x 10-9 

Specify V cc Droop = 0.1V Max 

0.7SO x 4 x 10-9 
C= O.l 30x10-9=0.030µF 

Select Cs:?: 0.047 µF 

Place one decoupling capacitor adjacent to each package driving any trans
mission line and distribute others evenly throughout the logic. One capacitor 
per three packages. 

FIGURE 3-20. Formula for Calculating 
Decoupling Capacitors 
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Capacitor Types 
Decoupling capacitors need to be of the high K ceramic 
type with low equivalent series resistance (ESR), consisting 
primarily of series inductance and series resistance. Capaci
tors using 5ZU dielectric have suitable properties and make 
a good choice for decoupling capacitors; they offer mini
mum cost and effective performance. 

Electromagnetic Interference 
One of the features of advanced CMOS is its fast output 
edge rates. For the first time a non-ECL logic family is capa
ble of switching outputs at ECL speeds. In fact, advanced 
CMOS edge rates exceed that of ECL. ECL outputs typically 
swing 900 mV in 700 ps, translating into an edge rate of 
1.3 V /ns. Advanced CMOS outputs, on the other hand, 
swing 5.0V in approximately 3.0 ns, translating into an edge 
rate of 1.6 V/ns. Logic families driving at these speeds, 
however, are more prone to generate higher levels of sys
tem noise. Electronic systems using advanced CMOS logic, 
as with any other high performance logic system, require a 
higher level of design considerations. 

One element of system noise that will be discussed here is 
referred to as Electromagnetic Interference, or EMI. The 
level of EMI generated from a system can be greatly re
duced with the use of proper Electromagnetic Compatibility 
(EMC) design techniques. These design considerations be
gin at the circuit board level and continue through the sys
tem level to the enclosures themselves; EMC needs to be a 
concern at the initial system design stage. 

WHAT IS EMl/RFI? 

Electromagnetic Interference, or EMI, is an electrical phe
nomenon where electric field energy and magnetic field en
ergy are transmitted from one source to create interference 
of transmitted and/or received signals from another source. 
This may result in the information becoming distorted. Radio 
Frequency Interference, or RFI, is simply a subset of EMI. 
EMI components that radiate within the broadcast broad
band, consequently interfering with these broadcast fre
quencies, are generally referred to as RFI. Since FCC regu
lations are intended to protect broadcast frequencies from 
this interference, most emphasis has been placed on RFI. 
The terms RFI and EMI can often be used interchangeably. 

EMI can be an issue of emissions, that is, energy radiated 
from one system to another or within the same system. It 
can also be an issue of susceptibility, from high powered 
microwave signals or nuclear EMP (Electromagnetic 
Pulse)-an issue more applicable in the military arena than 
commercial. While this section will specifically address radi
ated energy, many comments may also apply to susceptibili
ty. 

SOURCES OF ELECTROMAGNETIC INTERFERENCE 

EMI generation in an electronic system may result from sev
eral sources. All mediums of signal transmission-from the 
signal origin to its destination-are possible sources of radi
ated EMI. Understanding how each medium-including ICs, 
coaxial cables, and connectors-can radiate EMI is para
mount in effective, high performance system design. 



Electromagnetic Interference (Continued) 

As Figure 3-21 illustrates, EMI in a typical electronic circuit 
is generated by a current flowing in a loop configured within 
the circuit. These paths can be either Vee-to-GND loops or 
output-to-GND loops. The propagating current pulse cre
ates magnetic field energy, while the voltage drop across 
the loop area creates electric field energy. The loop material 
inself acts as an antenna radiating-or receiving-both the 
electric and magnetic fields. 

EMI generation is a function of several factors. Transmitted 
signal frequency, duty cycle, edge rate, and output voltage 
swings are the major factors of the resultant EMI levels. 
Figure 3-22 illustrates a generalized Fourier transformation 
of the transmitted signal from the time domain to the fre
quency domain. To think in terms of EMI, one must think in 
terms of the frequency domain. This illustration helps to re
alize the role of the time domain signal components in the 
frequency domain. Notice that as the signal's period de
creases, duty cycle decreases, or rise/fall time decreases 
that the radiated bandwidth increases. 

On the circuit level, in addition to the signal component fac
tors mentioned earlier, radiating loop area, and the resultant 
antenna's radiating efficiency also play an important role in 
EMI generation. Also, current spikes, power line noise, and 
output ringing caused by outputs switching also contribute 
to the overall EMI. Good design techniques that moderate 
this noise will play a major role in minimizing radiated EMI. 

OVERALL SYSTEM EMI 

System EMI is a function of the current loop area. Some of 
the largest loop areas in a system consist of circuit board 
signal transmission lines, backplane transmission lines, and 
1/0 cables. The current loop areas of the integrated circuit 
packages-Vee-to-GND loops-are small in comparison to 
those of the transmission lines and 1/0 cables. Differences 
in IC package pinout schemes are much less noticeable in 
terms of overall system radiated EMI. 

Figures 3-23a and 3-23b illustrate results from an EMI radia
tion predication model of logic ICs with standard (corner 
Vee and GND) pinout and non-standard (central Vee and 
GND) pinout, respectively. The Vee-to-GND loop was ana
lyzed. The formula used to model the maximum electric field 
is listed below. This formula takes into account the antenna 
dimension and efficiency as well as the basic signal compo
nents. 

11 
1.32x1Q-3•1•A•Freq2[ (" )2]%µV 

E Max = D 1 + 2 7TO ~ 

where, 

IEIMax is the maximum E-field in the plane of the loop 

I is the current amplitude in milliamps 

A is the loop area in square cm 

A. is the wavelength at the frequency of interest 

D is the observation distance in meters 

Freq is the frequency in MHz 

and the perimeter of the loop P < A.. 

Figure 3-23c illustrates the predicted radiation from signals 
propagating on eight typical PCB transmission lines. Note 
the difference in the levels of radiated EMI between the IC 
packages and the signal traces. The difference between 
package pinout becomes negligible. 
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CIRCUIT BOARD DESIGN CONSIDERATIONS 

Original equipment manufacturers cannot afford to fail elec
tromagnetic emissions tests. Since these tests are mea
sured outside of the system, precautions to shield the enclo
sures, 1/0 cables, and connections are paramount. Howev
er, EMI within a system may also cause errors in data trans
mission or unreliable system operation. Therefore, good 
EMC design techniques at the circuit board level are just as 
necessary. 

Designing a system free of all EMI is an overwhelming task. 
However, considering the following design recommenda
tions at the circuit board level forms a good foundation on 
which to design a system with good EMC. 

• The use of multilayer printed circuit board is a virtual ne
cessity. Two-sided printed circuit board and wire-wrap 
boards provide no shielding of EMI. Two-sided boards 
also do not allow the use of power and ground planes. 
Instead they require the use of high impedance power 
and ground traces. Planes provide impedances several 
orders of magnitude lower than that of traces, reducing 
transient voltage drops in the power distribution and re
turn loops. As a result of these lower voltage drops, pow
er supply induced EMI can also be reduced. 

• In addition to the reduced impedance, these power and 
ground planes have an inherent EMI shielding effect that 
the large areas of copper provide. With the use of strip
lines or signal transmission lines sandwiched between 
the power and ground planes, the designer can take full 
advantage of the planes' shielding capabilities. To maxi
mize this shielding effect, keep the power and ground 
plane areas as homogeneous as possible. 

• Since plastic provides no EMI shielding, and sockets of 
any profile provide plenty of lead length, ICs should be 
soldered directly to the board. Solder power and ground 
pins directly to the power and ground planes, respective
ly. Minimize the IC and associated component lead 
l1::11ylll::> wilt:1t:vt:r possible. 

• Minimizing the number of simultaneously switching out
puts will also help to moderate the current pulse ampli
tude and output ringing. 

• Terminating signal traces longer than o inches (typical) 
will minimize reflections and ringing due to those reflec
tions. 

• Avoid capacitively coupling signals from one transmis
sion line to another-crosstalk-by avoiding long parallel 
signal transmission lines. If parallel transmission lines are 
unavailable, maximize the distance between the two 
lines, or insert a ground trace. Minimizing the spacing 
between the signal plane and ground plane will also help 
reduce crosstalk. For more details, see section on Cross
talk. 
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Electromagnetic Interference (Continued) 

POWER SUPPLY DECOUPLING CONSIDERATIONS 

Much of a system's radiated EMI may originate from the 
power supply itself. Propagation of power supply noise 
throughout a system is a very undersirable situation in any 
respect, including EMI. Suppression of this power supply 
noise is highly recommended. Decoupling the power supply 
at every level, from the system supply distribution network, 
down to the individual IC, is also a necessity when designing 
for low noise-and low EMI. 

• On the system level, the use of a tantalum or aluminum 
electrolytic capacitor in the power supply distribution net
work is recommended. 

• Decoupling the power supply at the point of entry onto 
the printed circuit board is also highly recommended. 
The use of a low equivalent series inductance, or ESL, 
multilayer ceramic capacitor, 1.0 µF to 10.0 µF, provides 
good low to medium frequency filtering and EMI suppres
sion. 

• To further suppress power supply noise and associated 
EMI throughout the circuit board itself, the use of a low 
ESL chip capacitor for each IC is highly recommended. 
Because the location of any transient noise on a power 
or ground plane would be impossible to predict, and the 
IC density of different circuit boards vary dramatically, 
every IC on these circuit boards should be adequately 
decoupled. A 0.10 µF to O.Q1 µF chip capacitor, located 
as close to each ground pin as possible, will provide 
good high frequency power supply noise filtering and 
added EMI suppression. 

BACKPLANE CONSIDERATIONS 

The above discussion emphasized design techniques for 
printed circuit boards. However, because the backplane 
may, and usually does, consist of several long signal trans
mission lines, the same low noise design techniques should 
be used. 

• Multilayer board techniques should also be applied to the 
backplane. If possible, these transmission lines should 
be shielded individually. This would allow for a denser 
parallel layout of transmission lines as well as providing 
good EMC. 

y 
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• Use multiple ground and power connections from the 
backplane to the circuit boards' power and ground 
planes to minimize the connection impedance. This will 
help to further suppress any source of power supply gen
erated EMI. 

SYSTEM CONSIDERATIONS 

One of the major sources of radiated system EMI are the 
edge connectors, 1/0 cables, and their associated connec
tors. 

• Use care to ensure that, not only the cables are shielded 
and the shield properly grounded, but that the shield to
tally envelopes both the cable and its connectors. The 
shield should seat firmly into a grounded chassis and 
touch the chassis a full 360° around the connection. An 
open ended cable or an improperly grounded connector 
shield will be a prime suspect for out-of-spec EMI emis
sions and should be avoided. Use shielded coaxial ca
bles whenever possible. If ribbon cable is preferred, 
shield all ribbon cables with commercially available rib
bon cable shielding. Again, ensure that this shield is 
properly attached to the connector shield by a full 360°. 

• In choosing or designing the enclosure for the system, 
minimize the number of openings in the enclosure. Since 
high performance logic now deals with smaller wave
lengths than the older technologies, enclosure opening 
sizes should also be considered. Keep openings as small 
as possible. If openings are necessary (displays, con
trols, fans, etc.) there are commercially available acces
sories that offer good built-in EMI shielding. 

• If access panels are necessary, ensure that these panels 
are properly sealed with some sort of shielding material 
(gaskets, copper brushes, etc.). 

• Of course, the enclosure itself should be of a material 
that provides good shielding against electric fields. 

Electric Field E 

----·'\A= loop area 
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FIGURE 3-21. EMI Is Generated by a Current Flowing In a Loop 
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FIGURE 3-22. Output Characteristics 
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FIGURE 3-23a. Electric Field Radiation In dBµV/m 
from 1 Loop(s) of Area 0.6 square cm 
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FIGURE 3-23b. Electric Field Radiation In dBµV/m 
from 1 Loop(s) of Area 0.19 square cm 
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Electromagnetic Interference (Continued) 
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FIGURE 3-23c. Electric Fleld Radiation In dBµV/m 
from 8 Loop(s} of Area 10 square cm 

TTL-Compatible CMOS Designs 
Require Delta Ice Consideration 
The FACT product line is comprised of two types of ad
vanced CMOS circuits: 'AC and 'ACT devices. 'ACT indi
cates an advanced CMOS device with TTL-type input 
thresholds for direct replacement of LS and ALS circuits. As 
this 'ACT series is used to replace TTL, the Delta lccT spec
ification must be considered; this spec may be confusing 
and misleading to the engineer unfamiliar with CMOS. 

It is important to understand the concept of Delta lccT and 
how to use it within a design. First, consider where Delta 
leer initiates. Most CMOS input structures are of the totem 
pole type with an n-channel transistor in a series with a 
p-channel transistor as illustrated below. 
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FIGURE 3-24. CMOS Input Structure 

These two transistors can be modeled as variable resistors 
with resistances varying according to the input voltage. The 
resistance of an ON transistor is approximately 4 kn while 
the resistance of an OFF transistor is generally greater than 
500 Mn. When the input to this structure is at either ground 
or Vee. one transistor will be ON and one will be OFF. The 
total series resistance of this pair will be the combination of 
the two individual resistances, greater than 500 Mn. The 
leakage current will then be less than 1 µA. When the input 
is between ground and Vee. the resistance of the ON tran
sistor will increase while the resistance of the OFF transistor 
will decrease. The net resistance will drop due to the much 
larger value of the OFF resistance. The total series resist
ance can be as low as soon. This reduction in series resist
ance of the input structure will cause a corresponding in
crease in Ice as current flows through the input structure. 
The following graph depicts typical Ice variance with input 
voltage for an 'ACT device. 
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FIGURE 3-25. lcc versus Input Voltage for 'ACT Devices 

The Delta Ice specification is the increase in Ice- For each 
input at Vee - 2.1V (approx. TTL VoH level), the Delta Ice 
value should be added to the quiescent supply current to 
arrive at the circuit's worst-case static Ice value. 

Fortunately, there are several factors which tend to reduce 
the increase in Ice per input. Most TTL devices will be able 
to drive FACT inputs well beyond the TTL output specifica· 
tion due to FACT's low input loading in a typical system. 
FAST logic outputs can drive 'ACT-type inputs down to 
200 mV and up to 3.5V. Additionally, the typical Ice increase 
per input will be less than the specified limit. As shown in 
the graph above, the Ice increase at Vee - 2.1V is less 
than 200 µA in the typical system. Experiments have shown 
that the Ice of an 'ACT240 series device typically increases 
only 200 µA when all of the inputs are connected to a FAST 
device instead of ground or Vee. 

It is important when designing with FACT, as with any TTL
compatible CMOS technology, that the Delta Ice specifica
tion be considered. Designers should be aware of the 
spec's significance and that the data book specification is a 
worst-case value; most systems will see values that are 
much less. 



Testing Advanced CMOS 
Devices with 1/0 Pins 
There are more and more CMOS families becoming avail
able which can replace TTL circuits. Although testing these 
new CMOS units with programs and fixtures which were de
veloped for bipolar devices will yield acceptable results 
most of the time, there are some cases where this approach 
will cause the test engineer problems. 

Such is the case with parts that have a bidirectional pin, 
exemplified by the '245 Octal Transceiver. If the proper test
ing methods are not followed, these types of parts may not 
pass those tests for Ice and input leakage currents, even 
when there is no fault with the devices. 

CMOS circuits, unlike their bipolar counterparts, have static 
Ice specification orders of magnitude less than standard 
load currents. Most CMOS Ice specifications are usually 
less than 100 µA. When conducting an Ice test, greater 
care must be taken so that other currents will not mask the 
actual Ice of the device. These currents are usually sourced 
from the inputs and outputs. 

Since the static Ice requirements of CMOS devices are so 
low, output load currents must be prevented from masking 
the current load of the device during an Ice test. Even a 
standard 500!1 load resistor will sink 1 O mA at 5V, which is 
more than twice the Ice level being tested. Thus, most man
ufacturers will specify that all outputs must be unloaded dur
ing Ice tests. 

Another area of concern is identified when considering the 
inputs of the device. When the input is in the transition re
gion, Ice can be several orders of magnitude greater than 
the specification. When the input voltage is in the transition 
region, both the n-channel and the p-channel transistors in 
the input totem-pole structure will be slightly ON, and a con
duction is created from Vee to ground. This conduction path 
leads to the increased Ice current seen in the Ice vs V1N 
curve. When the input is at either rail, the input structure no 
longer conducts. Most Ice testing is done with all of the 
inputs tied to either Vee or ground. If the inputs are allowed 
to float, they will typically float to the middle of the transition 
region, and the input structure will conduct an order of mag
nitude more current than the actual Ice of the device under 
test which is being measured by the tester. 
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FIGURE 3-26. lee versus l1N 
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When testing the Ice of a CMOS '245, problems can arise 
depending upon how the test is conducted. Note the struc
ture of the '245's 1/0 pins illustrated below. 

DRIVE ENABLE 
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FIGURE 3-27. '245 1/0 Structure 

Each 1/0 pin is connected to both an input device and an 
output device. The pin can be viewed as having three 
states: input, output and output disabled. However, only two 
states actually exist. 

The pin is either an input or an output. When testing the Ice 
of the device, the pins selected as outputs by the T /R signal 
must either be enabled and left open or be disabled and tied 
to either rail. If the output device is disabled and allowed to 
float, the input device will also float, and an excessive 
amount of current will flow from Vee to ground. A simple 
rule to follow is to treat any output which is disabled as an 
input. This will help insure the integrity of an lee test. 

Another area which might precipitate problems is the mea
surement of the leakages on 1/0 pins. The 1/0 pin internal 
structure is depicted below. 

The pin is internally connected to both an input device and 
an output device; the limit for a leakage test must be the 
combined l1N specification of the input and the loz specifi
cation of the output. This combined leakage test is defined 
as IOZT. For FACT devices, l1N is specified at ± 1 µA while 
loz is specified at ± 5 µA. Combining these gives a limit of 
± 6 µA for 1/0 pins. Usually, 1/0 pins will show leakages 
that are less than tho loz specification of the output alone. 
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FIGURE 3-28. 1/0 Pin Internal Structure 

Testing CMOS circuits is no more difficult than testing their 
bipolar counterparts. However, there are some areas of 
concern that will be new to many test engineers beginning 
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Testing Advanced CMOS 
Devices with 1/0 Pins (Continued) 

to work with CMOS. Becoming familiar with and understand
ing these areas of concern prior to creating a test philoso
phy will avert many problems that might otherwise arise lat
er. 

Testing Disable Times of 
TRI-STATE® Outputs in a 
Transmission Line Environment 
Traditionally, the disable time of a TRI-STATE buffer has 
been measured from the 50% point on the disable input, to 
the (Vol + 0.3V) or (VoH - 0.3V) point on the output. On a 
bench test site, the output waveform is generated by a load 
capacitor and a pull-up/pull-down resistor. This circuit gives 
an RC charge/discharge curve as shown below. 
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FIGURE 3-29. Typical Bench TRI-STATE Waveform 

ATE test sites generally are unable to duplicate the bench 
test structure. ATE test loads differ because they are usually 
programmable and are situated away from the actual de
vice. A commonly used test load is a Wheatstone bridge. 
The following figure illustrates the Wheatstone bridge test 
structure when used on the MCT 2000 test-system to dupli
cate the bench load. 

OUT 
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FIGURE 3-30. MCT Wheatstone Bridge Test Load 
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The voltage source provides a pull-up/pull-down voltage 
while the current sources provide loH and lol· When devic
es with slow output slew rates are tested with the ATE load, 
the resultant waveforms closely approximate the bench 
waveform, and a high degree of correlation can be 
achieved. However, when devices with high output slew 
rates are tested, different results are observed that make 
correlating tester results with bench results more difficult. 
This difference is due to the transmission line properties of 
the test equipment. Most disable tests are preceded by es
tablishing a current flow through the output structure. Typi
cally, these currents will be between 5 mA and 20 mA. The 
device is then disabled, and a comparator detects when the 
output has risen to the (Vol + 0.3V) level or fallen to the 
(VoH - 0.3V) level. 

Consider the situation where the connection between the 
device under test (OUT) and the comparator is a transmis
sion line. Visualize the device output as a switch; the effect 
is easier to see. There is cu'rrent flowing through the line, 
and then the switch is opened. At the device end, the reflec
tion coefficient changes from O to 1. This generates a cur
rent edge flowing back down the line equal to the current 
flowing in the line prior to the opening of the switch. This 
current wave will propagate down the line where it will en
counter the high impedance tester load. This will cause the 
wave to be reflected back down the line toward the OUT. 
The current wave will continue to reflect in the transmission 
line until it reaches the voltage applied to the tester load. At 
this point, the current source impedance decreases and it 
will dissipate the current. A typical waveshape on a modern 
ATE is depicted in Figure 3-31. 
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FIGURE 3-31. Typical ATE TRI-STATE Waveform 

Transmission line theory states the voltage level of this cur
rent wave is equal to the current in the line times the imped
ance of the line. With typical currents as low as 5 mA and 
impedances of son to 60n, this voltage step can be as 
minimal as 250 mV. If the comparator was programmed to 
the disable measurement points, it would be looking for a 
step of approximately 575 mV at 5.5V Vee· Three reflec
tions of the current pulse would be required before the com-



Testing Disable Times of TRI-ST ATE Outputs 
in a Transmission Line Environment (Continued) 

parator would detect the level. It is this added delay time 
caused by the transmission line environment of the ATE 
that may cause parts to fail customer's incoming tests, even 
though the device meets specifications. The figure below 
graphically shows this stepout. 

Point A represents the typical 50% measurement point on 
tester driven waveforms. Point B represents the point at 
which the delay time would be measured on a bench test 
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fixture. Point C represents where the delay time could be 
measured on ATE fixtures. The delay time measured on the 
ATE fixture can vary from the bench measured delay time to 
some greater value, depending upon the voltage level that 
the tester is set. If the voltage level of the tester is close to 
voltage levels of the plateaus, the results may become non
repeatable. 

Time (ns) 
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FIGURE 3-32. Measurement Stepout 
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Understanding Latch-Up 
in Advanced CMOS Logic 

Latch-up has long been a bane to CMOS IC applications; its 
occurence and theory have been the subjects of numerous 
studies and articles. The applications engineer and systems 
designer, however, are not so much concerned with the the
ory and modeling of latch-up as they are with the conse
quences of latch-up and what has been done by the device 
designer and process engineer to render ICs resistant to 
latch-up. 

Of equal interest are those precautions, if any, which must 
be observed to limit the liability of designs to latch-up. 

WHAT IS LATCH-UP? 

Latch-up is a failure mechanism of CMOS (and bipolar) inte
grated circuits characterized by excessive current drain cou
pled with functional failure, parametric failure and/or device 
destruction. It may be a temporary condition that terminates 
upon removal of the exciting stimulus, a catastrophic condi
tion that requires the shutdown of the system to clear or a 
fatal condition that requires replacement of damaged parts. 
Regardless of the severity of the condition, latch-up is an 
undesirable but controllable phenomenon. In many cases, 
latch-up is avoidable. 

The cause of the latch-up exists in all junction-isolated or 
bulk CMOS processes: parasitic PNPN paths. Figure 1, a 
basic CMOS cross section, shows the parasitic NPN and 
PNP bipolar transistors which most frequently participate in 
latch-up. The P + sources and drains of the P-channel MOS 
devices act as the emitters (and sometimes collectors) of 
lateral PNP devices; the N-substrate is the base of this de
vice and collector of a vertical NPN device. The P-well acts 
as the collector of the PNP and the base of the NPN. Final
ly, the N + sources and drains of the N-channel MOS devic
es serve as the emitter of the NPN. The substrate is normal
ly connected to Vee. the most positive circuit voltage, via an 
N + diffusion tap while the P-well is terminated at Gnd, the 
most negative circuit voltage, through a P + diffusion. 
These power supply connections involve bulk or spreading 
resistance to all points of the substrate and P-well. 

Normally, only a small leakage current flows between the 
substrate and P-well causing only a minute bias to be built 
up across the bulk due to the resistivity of the material. In 
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this case the depletion layer formed around the reverse-bi
ased PN junction between P-well and the substrate sup
ports the majority of the Vee-Gnd voltage drop. As long as 
the MOS source and drain junctions remain reverse-biased, 
CMOS is well behaved. In the presence of intense ionizing 
radiation, thermal or over-voltage stress, however, current 
can be injected into the PNP emitter-base junction, forward
biasing it and causing current to flow through the substrate 
and into the P-well. At this point, the NPN device turns on, 
increasing the base drive to the PNP. The circuit next enters 
a regenerative phase and begins to draw significant current 
from the external network thus causing most of the undesir
able consequences of latch-up. Once established, a latch
up site, through the fields generated by the currents being 
conducted, may trigger similar action in both elements of 
the IC. 

WHATTODO 

As might be expected, latch-up is highly dependent on the 
characteristics of the bipolar devices involved in the latch
up loop. Device current gains, emitter efficiencies, minority 
carrier life times and the degree of NPN-PNP circuit cou
pling are all important factors relating to both the sensitivity 
of the particular latch-up device and to the severity of the 
failure once it has been excited. Layout geometry and pro
cess both contribute significantly to these parameters; 
CMOS, like other technologies, has been shrunk to provide 
more function per unit area, increasing susceptibility to 
latch-up. All major CMOS vendors have upgraded their pro
cesses and/or design rules to compensate for this in
creased susceptibility, some with more success than others. 
The lateral PNP is typically the weak link in the latch-up 
loop. As such, various devices can be exploited toward re
ducing the effectiveness of the PNP to participate in latch
up. Guard banding, device placement, the installation of 
pseudo-collectors between the P-channel devices and the 
P-well, and the use of a low resistivity substrate under an 
epitaxial layer are a few of the IC design tactics now being 
practiced to reduce the current gain or to control the action 
of the lateral PNP structures in state-of-the-art CMOS devic
es. 

P-Channel MOS Input N-Channel MOS 
..-------'A.~------~ ..-------'A~------~ 

N Substrate 
(6-10 ohm-cm) 
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FIGURE 1. Basic CMOS Inverter Cross Section with Latch-Up Circuit Model 

3-24 



Vendors of CMOS ICs have always been aware of the latch
up phenomenon and have considerably improved their de
signs and processes to reduce the danger of latch-up occur
ing under normal usage. Abnormal applications and misuse 
of CMOS ICs may still pose problems that the CMOS ven
dor has little control over. Hence, CMOS users must be 
aware of what they are doing and those measures which 
must be taken to reduce the susceptibility to latch-up. The 
use of CMOS at or beyond its rated maximum voltage range 
and the presence of inductive transients are applications-re
lated situations which can trigger latch-up. Environment, in
cluding thermal stress, poorly regulated or noisy supplies 
and radiation incidence can also contribute to or cause 
latch-up. The system engineer must consider these situa
tions when using CMOS in designs. 

While latch-up is generally recognized as resulting from re
generative switching along a PNPN path, many designers 
incorrectly assume that this regenerative action places the 
device in a state that can only be recovered from if the 
system is powered down. The fact is that there is probably 
an equal, if not greater, chance that the regenerative switch
ing, when encountered, will be non-sustaining (the condi
tion, more accurately referred to as current amplification, 
will disappear when the triggering stimulus is removed); 
over-voltage applied to properly designed input protection 
networks is one example of controlled current amplification. 
For sustained latch-up to occur, the regeneration loop must 
have sufficient gain and the power source must be able to 
supply a minimum current. From this we can see that cur
rent-limited power supplies might be used to recover from or 
reduce the effects of latch-up. Another method uses cur
rent-limiting series resistors in the power connections of of
fending ICs in conjunction with storage capacitors shunting 
the devices. Normal switching current will be drawn from the 
capacitors while DC current will be limited by the resistors. 

In the loop of positive current feedback formed by the para
sitic PNP and NPN transistors of the latch-up structures, 
regenerative switching may result if sufficient loop gain is 
available. One must remember, though, that three condi
tlcns !!re necess9.r,1 for 19.tch-up to occur. 

1) both parasitic bipolars must be biased into the active 
state; 

2) the product of the parasitic bipolar transistor current 
gains (Bnpn•Bpnp) must be sufficient to allow regenera
tion, i.e., greater than or equal to one; 

3) the terminal network must be capable of supplying a cur
rent greater than the holding current required by the 
PNPN path. In processes utilizing an epitaxial silicon, this 
current is usually in excess of 1 A. 

If any of these conditions is not met both during the initiation 
and in the steady state, then the latch-up condition is either 
non-sustaining or cannot be initiated. If the current to the 
latched structure is not limited, permanent damage may re
sult. Again, any means to prevent any of these conditions 
from being satisfied will protect the circuit from exhibiting 
sustained latch-up. 

The prevention of biasing the bipolars into the active region 
and the limiting of the current which may be supplied by the 
network are the two factors which system designers have 
under their control. Many of the protective measures long 
exercised in discrete and TTL designs may also be applied 
to CMOS designs to reduce susceptibility and prevent dam
age to these systems. Diode clamping of inductive loads, 
signal and supply level regulation, and sharing of large DC 
loads by several devices with suitable series limiting resis-
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tors to distribute thermal stress over a larger area or multi
ple ICs are all positive-preventive measures to exploit. 

While we have been considering the CMOS device in a ge
neric manner, there are two primary structures used in all 
CMOS ICs which have latch-up paths associated with them; 
these are the inverter or gate and the transmission switch. 
Both structures may be susceptible under the right condi
tions. While the CMOS inverter can exhibit latch-up inde
pendent of circuit configuration, the transmission switch 
usually has lower holding current, and thus, a lower thresh
old for latch-up, but is dependent on its external connec
tions for latch-up to occur. Figure 2 shows the lumped 
equivalent circuit of the inverter. Notice the shunting resis
tors across the base-emitter junctions of the bipolar transis
tors: these resistors divert base drive from the bipolars and 
as a result increase both the trigger current and holding 
current levels required for the structures to participate in 
latch-up. A further increase in these current levels can be 
achieved by further decreasing the shunt resistance. Diffus
ing all active components into an epitaxial silicon, under 
which would lie a substrate of substantially less resistivity, 
will have a dramatic effect on decreasing the shunt resist
ance, therefore increasing the trigger current and holding 
current levels required for latch-up. 

THE CIRCUIT CONNECTION 

As we have seen above, the external circuit connections are 
regular participants in the latch-up process. The current for 
latch-up comes from these connections and often the trig
gering mechanism is external to the latching device. All 
three classes of external connections (power, input and out
put) are important in latch-up. We will now look at how these 
connections relate to this process. 

Current injection through the power terminals when the 
power supply voltage is beyond the maximum rated for the 
CMOS device can directly cause latch-up through base col
lector leakage or breakdown mechanisms. One aspect of 
high power supply voltages that is not often recognized is 
the effect of field-aiding lateral currents under the emitters 
of the PNP devices. This can effect a significant increase in 
the beta of these devices, making internally trigger latch-up 
much more prevalent. Again, the warning to the the system 
designer is to avoid using CMOS at maximum rated supply 
voltages unless precautions are taken to insure latch-up is 
unlikely or is at least acceptable and recoverable. Switching 
transients coupled onto power lines has become a problem 
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now that CMOS has become a high-speed logic technology. 
Attention to power supply decoupling is now a necessity 
when designing with high-speed CMOS. Of course, CMOS 
processes incorporating an epitaxial silicon over a substrate 
of very low resistivity is less prone to latch-up under these 
conditions. These recommended precautions should be tak
en just the same. 

Latch-up involving input terminals, next to gate oxide rup
ture, used to be one of the most common failure mecha
nisms of CMOS. Transients exceeding the power supply 
routinely caused either or both of these effects to occur. 
Fortunately, CMOS vendors have learned to make better 
input protection networks and have learned that proper 
placement of these components with respect to the rest of 
the chip circuitry is necessary to reduce susceptibility to 
latch-up. The system designer should review foreign input 
signals to CMOS systems and take precautions necessary 
to limit the severity of over/undershoot from these sources. 
Measures which could be used to reduce the possibility of 
latch-up induced by input signals are: proper termination of 
transmission lines driving CMOS, series current limiting re
sistors, AC coupling with DC restoration to the CMOS sup
plies, and the addition of Schottky diode clamps to the 
CMOS power rails. As an additional measure there are sev
eral CMOS circuits which have input protection networks 
that can handle overvoltage in one direction or the other 
and which are specifically designed to act as interface cir
cuits between other logic families and CMOS. Judicious ap
plication of these will also aid in suppressing any tendencies 
of CMOS systems to latch-up. 

Finally, attention to CMOS outputs, their loading and the 
stresses applied to them will also enable the designer to 
generate latch-up free systems. Historically, output termi
nals of CMOS have been least likely to cause latch-up 
though they can participate in latch-up once it is initiated. 
The normal mode of failure in this respect is, again, the 
application of voltages beyond the CMOS supplies or the 
maximum limit for the devices though excessive current has 
also been linked to latch-up failure at elevated tempera
tures. Inductive surges and transmission line reflections are 
the most likely sources of output latch-up in CMOS and 
should be attended to in the most applicable method, i.e., by 
clamping, termination or through dissipative measures. 

WHAT WE HAVE DONE 
National Semiconductor, as an important supplier of ad
vanced CMOS to all segments of the industry, has made a 
commitment to provide IC designs which make use of state
of-the-art latch-up suppression techniques in an effort to 
support its customers before they need support. The three 
most important actions which we have taken to guard our 
customers from latch-up are in the areas of layout, power 
distribution and process design. These techniques, along 
with recognized good design practice, yield a product line 
that lives up to the intent of an advanced CMOS family. In 
brief review, National Semiconductor's attack on latch-up is 
summarized in the following. 
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Latch-Up Protection Geometries 

Every FACTTM IC employs special geometries to isolate ev
ery input protection device and every output from active ar
eas on the chip. In this way, structures which would normally 
participate in latch-up loops are decoupled and are thus 
less troublesome. All devices are scrutinized for potential 
latch-up sites and are protected by similar geometries 
where any risk is significant. 

Power Distribution 

Careful attention to on-chip power distribution and en
hanced termination of P-wells and substrate is used by Na
tional Semiconductor to improve latch-up resistance. Our 
double metal process affords the advantage in maintaining 
low impedance distribution of power and ground potentials 
over the entire chip; the potential gradient-caused fields 
which often induce or enhance latch-up are thus minimized 
while functional performance is enhanced by cleaner on
chip power supplies. 

Process Design 

By design, the FACT process is better both in low latch-up 
susceptibility and in enhanced device performance. The 
most significant advancement of the FACT process has 
been the incorporation of an epitaxial silicon layer. Figure 3 
illustrates a modified version of Figure 1, utilizing an epitaxi
al layer of silicon to contain all of the active components of 
the CMOS circuit. This epitaxial layer allows the use of a 
separate layer of substrate silicon, of a resistivity some 
three orders of magnitude lower than the epitaxial layer. The 
effect is also modeled in Figure 3. 

As illustrated, the resistivity of the epitaxial silicon, R1, is 
on the order of 6 ohm-cm to 10 ohm-cm. The underlying 
substrate resistivity, R2, is as low as 0.008 ohm-cm to 
0.025 ohm-cm. The result is a parallel combination of resis
tivities, R1 and R2, that is equivalent to R2. What has now 
happened is that the gain of the parasitic PNP-NPN circuit 
has been dramatically slashed. Under the same latch-up 
conditions described earlier, the introduction of the low re
sistivity substrate now means that at least 10 times more 
current is needed to trigger the parasitic PNP-NPN combi
nation. 

The active components within the epitaxial layer maintain 
the same performance characteristics as those of the active 
area illustrated in the non-epitaxial CMOS circuit of Figure 1. 
Therefore the introduction of the epitaxial layer to the FACT 
process does not reduce any AC, DC, functional or ESD 
performance. However, what we have is an advanced 
CMOS logic family that is now virtually latch-up immune. 

Thus, through innovative and careful layout, attention to 
eliminating circuit situations which could be latch-up prone 
and by careful selection and maintenance of our advanced 
CMOS process, FACT sets the standard for latch-up resist
ance. 
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54AC/74ACOO • 54ACT/74ACTOO 
Quad 2-lnput NANO Gate 

General Description Features 
The 'AC/'ACTOO contains four 2-input NANO gates. • Outputs source/sink 24 mA 

• 'ACTOO has TTL-compatible inputs 

Ordering Code: see sections 
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Absolute Maximum Rating (Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (Vi) 

DC Output Diode Current OoK) 
Vo= -0.5V 
Vo = Vee + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGNo) 

Storage Temperature (T srn) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee+ 0.5V 

±50mA 

±50mA 

-65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be mat, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature {TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. tt) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vee® 3.0V 
Vee® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time <tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.ov 
Vee® 4.5V 
Vee® 5.5V 

2.0Vto 6.0V 
4.5Vto5.5V 

ovtoVec 

ovtoVee 

- 40°C to + 85°C 
- 55°C to + 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 

Symbol Parameter Vee TA= +25°C (V) 

Typ 

Minimum High Level 3.0 1.5 2.1 
Input Voltage 4.5 2.25 3.15 

5.5 2.75 3.85 

Maximum Low Level 3.0 1.5 0.9 
Input Voltage 4.5 2.25 1.35 

5.5 2.75 1.65 

VoH Minimum High Level 3.0 2.99 2.9 
Output Voltage 4.5 4.49 4.4 

5.5 5.49 5.4 

3.0 2.56 
4.5 3.86 
5.5 4.86 

VoL Maximum Low Level 3.0 0.002 0.1 
Output Voltage 4.5 0.001 0.1 

5.5 0.001 0.1 

3.0 0.36 
4.5 0.36 
5.5 0.36 

Maximum Input 
5.5 ±0.1 

Leakage Current 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

54AC 74AC 

TA= TA= 
- 55°C to + 125°C - 40°C to + 85°C 

Guaranteed Limits 

2.1 2.1 
3.15 3.15 
3.85 3.85 

0.9 0.9 
1.35 1.35 
1.65 1.65 

2.9 2.9 
4.4 4.4 
5.4 5.4 

2.4 2.46 
3.7 3.76 
4.7 4.76 

0.1 0.1 
0.1 0.1 
0.1 0.1 

0.5 0.44 
0.5 0.44 
0.5 0.44 

±1.0 ±1.0 

Note: l1N and Ice ® 3.0V are guaranteed to be less than or equal to the respective limit ® 5.5V Vee. 

Ice for 54AC ® 2s•c is identical to 74AC ® 2s·c. 
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Units Conditions 

Vour = o.1v 
v or Vee - 0.1V 

Vour = o.w 
v orVcc - 0.1V 

lour= -50 µA 
v 

*V1N = V1L or V1H 
-12mA 

v loH -24mA 
-24mA 

lour= 50 µA 
v 

*V1N = V1L or V1H 
12mA 

v loL 24mA 
24mA 

µA V1 = Vce.GND 



DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +2~°C 

TA= TA= 
(V) -ss·c to+ 12s·c - 4o·c to + ss·c 

Typ Guaranteed Limits 

loLD tMinimum Dynamic 5.5 50 75 

loHD 
Output Current 5.5 -50 -75 

Ice Maximum Quiescent 
5.5 4.0 80.0 40.0 

Supply Current 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice ® 3.0V are guaranteed to be less than or equal to the respective limit ® 5.5V Vee. 

Ice for 54AC@ 25'C is identical to 74AC@ 25'C. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

(V) - ss·c to + 12s·c - 4o·c to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
Input Voltage 5.5 1.5 2.0 2.0 2.0 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
Input Voltage 5.5 1.5 0.8 0.8 0.8 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

4.5 3.86 3.70 3.76 
5.5 4.86 4.70 4.76 

Vol Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

4.5 0.36 0.50 0.44 
5.5 0.36 0.50 0.44 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 

Leakage Current 

lccT Maximum 
5.5 0.6 1.6 1.5 

Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 

loHD 
Output Current 5.5 -50 -75 

Ice Maximum Quiescent 
5.5 4.0 80.0 40.0 

Supply Current 

•All outputs loaded; thresholds on Input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT@ 25'C Is Identical to 74ACT@ 25'C. 
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Units 

mA 

mA 

µA 

Units 

v 

v 

v 

v 

v 

v 

µA 

mA 

mA 

mA 

µA 

Conditions 

VoLD = 1.65V Max 

VoHD = 3.85V Min 

V1N =Vee 
orGND 

Conditions 

VouT = 0.1V 
orVcc - 0.1V 

VouT = 0.1V 
orVcc - 0.1V 

louT = -50 µA 

*V1N = V1L or V1H 

loH 
-24mA 
-24mA 

IC!.JT = 50 11A 

*V1N = V1L or V1H 

loL 
24mA 
24mA 

v, =Vee. GND 

V1 =Vee - 2.1V 

VoLD = 1.65V Max 

VoHD = 3.85V Min 

V1N =Vee 
orGND 

0 
0 



0 
0 

AC Electrical Characteristics 

Vee* Symbol Parameter 
(V) 

Min 

tpLH Propagation Delay 3.3 2.0 
5.0 1.5 

tpHL Propagation Delay 3.3 1.5 
5.0 1.5 

*Voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

AC Electrical Characteristics 

Vee* Symbol Parameter 
(V) 

Min 

tpLH Propagation Delay 5.0 1.5 

tpHL Propagation Delay 5.0 1.5 
Voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 

C1N Input Capacitance 

Cpo Power Dissipation 
Capacitance 

74AC 

TA= +2s0 c 
CL= 50pf 

Typ Max 

7.0 9.5 
6.0 8.0 

5.5 8.0 
4.5 6.5 

74ACT 

TA= +2s0 c 
CL= SO pf 

Typ Max 

5.5 9.0 

4.0 7.0 

AC/ACT 

Typ 

4.5 

30.0 
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54AC 74AC 

TA= -ss·c TA= -40°c 
Fig. 

to+ 12s0c to +ss·c Units 
No. 

CL= 50pf CL= 50pf 

Min Max Min Max 

1.0 11.0 2.0 10.0 
2-5 

1.0 8.5 1.5 8.5 
ns 

1.0 9.0 1.0 8.5 
2-5 

1.0 7.0 1.0 7.0 
ns 

54ACT 74ACT 

TA= -ss·c TA= -40°c 
Fig. 

to + 12s·c to +ss·c Units 
No. 

CL= 50pf CL= SO pf 

Min Max Min Max 

1.0 9.5 1.0 9.5 ns 2-5 

1.0 8.0 1.0 8.0 ns 2-5 

Units Conditions 

pF Vee= 5.ov 

pF Vee= 5.ov 



~National 
~Semiconductor 

54AC/74AC02 
Quad 2-lnput NOR Gate 

General Description 
The 'AC02 contains four, 2-input NOR gates. 

Ordering Code: see sections 

Logic Symbol 

IEEE/IEC 

Ao C!:t 
Oo 

Bo 
Oo 

A1 
01 Ao 

B1 
Bo 

A2 
02 01 

B2 
A1 

A3 
03 B1 

B3 GND 
TL/F/9912-1 

Pin Names Description 

An. Bn Inputs 
On Outputs 

Features 
• Outputs source/sink 24 mA 

Connection Diagrams 

Pin Assignment for 
DIP, Flatpak and SOIC 

7 
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14 Vee 

13 02 

TL/F/9912-3 

B1 rn 
GND [QJ 

NC [j] 

A3 Ii] 
B3 Ii] 

Pin Assignment 
for LCC 

A1 NC 01 NC Bo 
rn rn rn rn rn 

[i]J[i]ff])l!Ill!§I 

03NC~NC82 

rnAo 
moo 
O]NC 

W!Vcc 
Ii]) 02 

TL/F/9912-2 

0 
I\) 



Absolute Maximum Rating (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo= Vee+ o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T srn) 

-20mA 
+20mA 

-0.5VtoVcc + o.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

-65°C to + 150°c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vcc ® 3.0V 
Vee® 4.5V 
Vcc ® 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.ov 
Vcc ® 4.5V 
Vee® 5.5V 

2.0Vto6.0V 
4.5Vto 5.5V 

OVtoVcc 

OVtoVcc 

- 40°C to + 85°C 
- 55°C to + 125°C 

115°C 
140°c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c TA= TA= 
Units Conditions 

(V) - ss0 c to + 12s0 c - 40°C to + ss·c 
Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 VouT = 0.1V 

Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 VouT = 0.1V 

Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 louT = -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 

4.5 3.86 3.7 3.76 v loH -24mA 

5.5 4.86 4.7 4.76 -24mA 

Vm Maximum Low Level 3.0 0.002 0.1 0.1 0.1 louT = 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.5 0.44 12mA 

4.5 0.36 0.5 0.44 v loL 24mA 

5.5 0.36 0.5 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions (V) - ss·c to + 12s·c - 4o•c to + ss·c 

Typ Guaranteed Limits 

loLD tMinimum Dynamic 5.5 50 75 mA VOLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 4.0 80.0 40.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee. 
Ice for 54AC @ 25'C is identical to 7 4AC @ 25'C. 

AC Electrical Characteristics 
74AC 54AC 74AC 

Vee* TA= +2s0 c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter to + 125•c to +85°C Units (V) CL= 50 pf 

CL= 50 pf CL= 50 pf 
No. 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 3.3 1.5 5.0 7.5 1.0 9.0 1.0 8.0 
2-5 

5.0 1.5 4.0 6.0 1.0 7.0 1.0 6.5 
ns 

tPHL Propagation Delay 3.3 1.5 5.0 7.5 1.0 9.0 1.0 8.0 
2-5 

5.0 1.5 4.5 6.5 1.0 7.5 1.0 7.0 
ns 

•voltage Range 3.3 is 3.3V ± 0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 

Cpo Power Dissipation Capacitance 30.0 pF Vee= 5.ov 
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~National 
~Semiconductor 

54AC/74AC04 • 54ACT/74ACT04 
Hex Inverter 

General Description Features 
The 'AC/'ACT04 contains six inverters. • Outputs source/sink 24 mA 
The Information for the 'ACT04 Is Advanced Informs· • 'ACT04 has TIL-compatible inputs 
tlon only. 

Ordering Code: see sections 

Logic Symbol Connection Diagrams 

IEEE/I EC Pin Assignment Pin Assignment 

Ao Oo 

A1 01 

A2 02 

A3 03 

A4 04 

As Os 

TL/F/9913-1 

for DIP, Flatpak and SOIC for LCC 

14 
A,, NC 01 NC A1 

Ao Vee [[) III III !]] III 
Oo 

13 
A3 

A1 
3 

03 02 [[] 

01 
11 

A4 
GNDl@J 

A2 
NC [j] 

Os (j]J 
02 As Ii] 

GND Os 

TL/F/9913-3 
~ [§] Im liZI [ID 
04 NC A4 NC 03 

Pin Names Description 

An Inputs 
On Outputs 
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moo 
[I)Ao 
[i]NC 

~Vee 
~A3 

TL/F/9913-2 



Absolute Maximum Rating (Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + o.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin Clee or IGND) 

Storage Temperature (T srn) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

- 65°C to + 15o•c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, tf) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vee® 3.0V 
Vee® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time Ctr. tf) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee@ 4.5V 
Vee® 5.5V 

2.0Vto6.0V 
4.5Vto 5.5V 

OVtoVce 

ovtoVee 

- 4o•c to + 85°C 
- 55°C to + 125°C 

115·c 
14o•c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) -ss·c to+ 12s0c - 40°C to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 VouT = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 VouT = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVee - o.1v 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 louT = - 50 µ.A 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

•v1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

Vol Maximum Low Level 3.0 0.002 0.1 0.1 0.1 louT = 50 µ.A 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

•v1N = V1L or V1H 
3.0 0.36 0.5 0.44 12mA 
4.5 0.36 0.5 0.44 v loL 24mA 
5.5 0.36 0.5 0.44 24mA 

IJN Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µ.A 

V1 = Vee.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices ccontinued) 

74AC 54AC 74AC " 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions (V} -55°C to+ 125•c - 4o•c to + 85°C 

Typ Guaranteed Limits 

IQLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

IQHD 
Output Current '5.5 -50 -75 mA Vmm = 3.85V Min 

Ice Maximum Quiescent 
5.5 4.0 80.0 40.0 µA V1N =Vee 

Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice@ 3.0V are guaranteed to be less than or equal to the respective limit@ 5.5V Vee· 
Ice for 54AC ® 2s·c is identical to 7 4AC ® 25°C. 

AC Electrical Characteristics 
74AC 54AC 74AC 

Vee* TA= +25°c 
TA= -55°c TA= -40°c 

Fig. 
Symbol Parameter to +125°C to +85°C Units (V} CL= 50 pf 

CL= 50pF CL= 50 pf 
No. 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 3.3 1.5 4.5 9.0 1.0 11.0 1.0 10.0 
2-5 

5.0 1.5 4.0 7.0 1.0 8.5 1.0 7.5 
ns 

tPHL Propagation Delay 3.3 1.5 4.5 8.5 1.0 10.0 1.0 9.5 
2-5 

5.0 1.5 3.5 6.5 1.0 7.5 1.0 7.0 
ns 

•voltage Range 3.3 is 3.3V ± 0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 

Cpo Power Dissipation 
30.0 pF Vee= 5.ov 

Capacitance 
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~National 
a Semiconductor 
54AC/74AC08 • 54ACT/74ACT08 
Quad 2-lnput AND Gate 

General Description Features 
The 'AC/'ACTOB contains four, 2-input AND gates. • Outputs source/sink 24 mA 

• 'ACTOB has TTL-compatible inputs 

The Information for the 'ACTOB Is Advanced Information only. 

Ordering Code: see Section 5 

Logic Symbols 

IEEE/I EC 

Ao &: 

Bo 
Oo 

A1 o, e, 
A2 

02 
82 

A3 
03 

83 

TL/F/9914-1 

Pin Names Description 

An, Bn Inputs 

On Outputs 

Connection Diagrams 

Pin Assignment 
for DIP, Flatpak and SOIC 

TL/F/9914-3 

4-15 

o1rn 
GND [j]] 

NC ITIJ 
03 Ii] 

Pin Assignment 
for LCC 

e, NC A1 NC Oo 
[[]rm!! rn m 

83 ll] ----~II 

Ii] [j]J [j] [Z) [fil 

A3 NC 02 NC 82 

[I]Bo 
[1]Ao 
O]NC 

~Vee 
ll]JA2 

TL/F/9914-2 

0 
co 
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Absolute Maximum Rating (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (Vi) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T sTG) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

- 65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. tt) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vcc ® 3.0V 
Vcc® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr. tt) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vcc ® 4.5V 
Vee® 5.5V 

2.0Vto6.0V 
4.5Vto5.5V 

OVtoVcc 

OVtoVcc 

-40°C to + 85°C 
- 55°C to + 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) -55°C to+ 12s0 c -40°C to +85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 VouT = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 VouT = o.w 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 louT = -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

Vol Maximum Low Level 3.0 0.002 0.1 0.1 0.1 louT = 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.5 0.44 12mA 
4.5 0.36 0.5 0.44 v loL 24mA 
5.5 0.36 0.5 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

Vi= Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Vee TA= TA= Symbol Parameter (V) TA= +25°C 
- 55°C to + 125°C - 40°C to + 85°C 

Typ 

loLD tMinimum Dynamic 5.5 

loHD 
Output Current 5.5 

Ice Maximum Quiescent 
5.5 4.0 

Supply Current 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Guaranteed Limits 

50 

-50 

80.0 

Note: l1N and Ice@ 3.0V are guaranteed to be less than or equal to the respective limit@ 5.5V Vee. 
Ice for 54AC @ 25'C is identical to 7 4AC @ 25'C. 

AC Electrical Characteristics 
74AC 54AC 

75 

-75 

40.0 

Units Conditions 

mA VoLD = 1.65V Max 

mA VoHo = 3.85V Min 

µA 
V1N =Vee 
orGND 

74AC 

Vee• TA= +25°C 
TA= -55°C TA= -40'C 

Fig. 
Symbol Parameter (V) 

tpLH Propagation Delay 3.3 
5.0 

tpHL Propagation Delay 3.3 
5.0 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 

C1N Input Capacilc1.11ct:1 

Cpo Power Dissipation 
Capacitance 

CL= 50 pf 

Min Typ Max 

1.5 7.5 9.5 
1.5 5.5 7.5 

1.5 7.0 8.5 
1.5 5.5 7.0 

AC/ACT 

Typ 

4.!J 

20.0 
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to+ 125°C to +85°C Units 
CL= 50 pf CL= 50 pf 

No. 

Min Max Min Max 

1.0 12.5 1.0 10.0 
2-5 

1.0 9.0 1.0 8.5 
ns 

1.0 11.5 1.0 9.0 
2-5 

1.0 8.5 1.0 7.5 
ns 

Units Conditions 

~c: '-'cc= 5.0V .... 

pF 
Vee= 5.ov 

0 
CD 

a 
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~National 
~Semiconductor 

54AC/74AC10 
Triple 3-lnput NANO Gate 

General Description 
The 'AC10 contains three, 3-input NANO gates. 

Features 
• Outputs source/sink 24 mA 

Ordering Code: see section 5 

Logic Symbol Connection Diagrams 
IEEE/I EC 

Ao & Pin Assignment Pin Assignment 

Bo 60 
for DIP, Flatp~k and SOIC for LCC 

Co 1 
C1 NC B1 NC A1 

Ao [[] m []] rn m 
A1 

Bo 
2 

B1 01 
A1 

3 01 !ID 
C1 

B1 
4 GND [Q] 

A2 5 NC (j] 

B2 02 
C1 

62 ll11 
01 

6 

C2 
GND 7 

C2 Ii] 

TL/F/9915-1 
~~[j]]fiZ][j]] 

TL/F/9915-3 B2 NC A2 NC 60 

Pin Names Description 

An, Bn, Cn Inputs 

On Outputs 
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Absolute Maximum Rating (Note 1) 

If Military I Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGNo) 

Storage Temperature (T STG) 

-20mA 
+20mA 

-0.5VtoVcc + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

- 65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (Vi) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vcc ® 3.0V 
Vcc ® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee® 4.5V 
Vee® 5.5V 

2.0Vto 6.0V 
4.5V to 5.5V 

OVto Vee 

OVtoVcc 

- 40°C to + 85°C 
- 55°C to + 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +25°C 

TA= TA= 
Units Conditions 

(V) -55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v orVcc - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVcc - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 

4.5 3.86 3.7 3.76 v loH -24mA 

5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.5 0.44 12mA 

4.5 0.36 0.5 0.44 v loL 24mA 

5.5 0.36 0.5 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA V1 =Vee. GND 

Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Yee TA= +25°C 
TA= TA= 

Units Conditions 
(V) -55°C to+ 125°C - 4o•c to + es·c 

Typ Guaranteed Limits 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

IQHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 4.0 80.0 40.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: liN and lee @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee. 

lee for 54AC@ 25°C is identical to 74AC@ 25'C. 

AC Electrical Characteristics 
74AC 54AC 74AC 

Vee• TA= +25°C 
TA= -ss·c TA= -40"C 

Fig. 
Symbol Parameter to+ 125°C to +es·c Units 

(V) CL= 50pF 
CL= 50 pf CL= 50 pf 

No. 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 3.3 1.5 6.0 9.5 1.0 11.0 1.0 10.5 
2-5 

5.0 1.5 4.5 7.0 1.0 8.5 1.0 8.0 
ns 

tPHL Propagation Delay 3.3 1.5 5.5 8.5 1.0 10.0 1.0 10.0 
2-5 

5.0 1.5 4.0 6.0 1.0 7.0 1.0 6.5 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation 
25.0 pF 

Vee= 5.0V 
Capacitance 
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~National 
D Semiconductor 
54AC/74AC11 
Triple 3-lnput AND Gate 

General Description Features 
The 'AC11 contains three 3-input AND gates. • Outputs source/sink 24 mA 

Ordering Code: see sections 

Logic Symbol Connection Diagrams 

IEEE/IEC Pin Assignment Pin Assignment 

Ao & 
for DIP, Flatpak and SOIC for LCC 

C1 NC Bl NC A1 

Bo Ao [[] m rn rn m 
2 

Bo Co 
Co 

Al 

Bl 

A1 Oo 01 [[] rnB0 

B, 
4 

A2 
GND [QI [I]Ao 

NC II] [}]NC 
C1 B2 

02 ll11 Im Vee 
01 C2 C2 [i] l!illCo 01 

C1 GND 02 

~li]]IJ][i][ffi 

A2 
TL/F/9916-3 

B2 NC A2 NC Oo 

B2 
TL/F/9916-2 

C2 

TL/F/9916-1 

Pin Names Description 

An. Bn, Cn Inputs 
On Outputs 
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Absolute Maximum Rating (Note 1> 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current U1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (Vi) 

DC Output Diode Current CloK> 
Vo= -0.5V 
Vo = Vee + o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T srn) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-o.sv to to Vee + o.sv 

±50mA 

±50mA 

-65°C to + 150-c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met. without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 2.0V to 6.0V 
'ACT 4.5V to 5.5V 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vee® 3.ov 
Vee@4.sv 
Vee® 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vcc ® 4.5V 
Vee@ 5.5V 

OVtoVcc 

OVtoVcc 

-40°c to + 85°C 
- 55•c to + 125•c 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) - ss·c to + 12s·c - 4o·c to + ss·c -

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 VouT = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = o.1v 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVcc - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

•v1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

·v1N = V1L or V1H 
3.0 0.36 0.5 0.44 12mA 
4.5 0.36 0.5 0.44 v loL 24mA 
5.5 0.36 0.5 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) - ss·c to + 12s·c - 40°c to + ss·c 

Typ Guaranteed Limits 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 4.0 80.0 40.0 µA V1N =Vee 

Supply Current orGND 

•All outputs loaded; thresholds on Input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice ® 3.0V are guaranteed to be less than or equal to the respective limit ® 5.5V Vee. 

Ice for 54AC ® 25'C is identical to 74AC ® 25'C. 

AC Characteristics 
74AC 54AC 74AC 

Vee• TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter to+ 125°C to +ss·c Units 

(V) CL= 50pf 
CL= 50pf CL= 50pf 

No. 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 3.3 1.5 5.5 9.5 1.0 11.0 1.0 10.0 ns 2·5 
5.0 1.5 4.0 8.0 1.0 8.5 1.0 B.5 

tpHL Propagation Delay 3.3 1.5 5.5 8.5 1.0 10.5 1.0 9.5 ns 2-5 
5.0 1.5 4.0 7.0 1.0 8.0 1.0 7.5 

•voltage Range 3.3 is 3.3V ±0.3V 

•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
54/74AC 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 
Cpo Power Dissipation 

20.0 pF 
Vee= 5.ov 

Capacitance 
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~National 
~Semiconductor 

54AC/74AC14 • 54ACT/74ACT14 
Hex Inverter with Schmitt Trigger Input 

General Description 
The 'AC/' ACT14 contains six inverter gates each with a 
Schmitt trigger input. The 'AC/'ACT14 contains six logic in
verters which accept standard CMOS input signals (TTL lev
els for 'ACT14) and provide standard CMOS output levels. 
They are capable of transforming slowly changing input sig
nals into sharply defined, jitter-free output signals. In addi
tion, they have a greater noise margin than conventional 
inverters. 

The 'AC/'ACT14 has hysteresis between the positive-going 
and negative-going input thresholds (typically 1.0V) which is 
determined internally by transistor ratios and is essentially 
insensitive to temperature and supply voltage variations. 

Features 
• Outputs source/sink 24 mA 
• 'ACT14 has TIL-compatible inputs 

The Information for the 'ACT14 Is Advanced Information only. 

Ordering Code: see section 5 

Logic Symbol 

IEEE/IEC 

lo l1' 60 

'1 l1' 01 

12 l1' 02 

13 l1' 03 

14 l1' 04 

15 l1' 05 

TL/F/9917-1 

Function Table 

Input Output 

A 0 
L H 
H L 

Connection Diagrams 

Pin Assignment 
for DIP, Flatpak and SOIC 

TL/F/9917-2 

Pin Names 

In 
On 
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0200 
GNDIIQJ 

NC !Ii] 

03 Ii] 
13 [j] 

Pin Assignment 
for LCC 

12 NC 01 NC 11 
rn m m rn m 

liJl[ID[IDlilJ[j]I 
04 NC 14 NC 05 

Description 

Inputs 
Outputs 

rnoo 
mro 
[I]NC 

@I Vee 
!ifill5 

TL/F/9917-3 



Absolute Maximum Rating (Note 1> 

If Mllltary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo= Vee+ o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T STG) 

-20mA 
+20mA 

-0.5V to Vee + o.sv 

-20mA 
+20mA 

-0.5V to to Vee+ 0.5V 

±50mA 

±50mA 

- 65°C to + 15o•c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design Is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (Vi) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vcc ® 3.0V 
Vcc® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee® 4.5V 
Vee® 5.5V 

2.0Vto 6.0V 
4.5Vto5.5V 

OVtoVcc 

OVtoVcc 

- 4o•c to + 85°C 
- 55•c to + 125•c 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
{V) - ss·c to + 12s·c - 4o•c to + as·c 

Typ Guaranteed Limits 

VoH Minimum High Level 3.0 2.99 2.!:l 2.9 i/!,,:;, !0 u1 - - 50 µ.A 

Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

·v1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 

4.5 3.86 3.7 3.76 v loH -24mA 

5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

·v1N = V1L or V1H 
3.0 0.36 0.5 0.44 12mA 

4.5 0.36 0.5 0.44 v loL 24mA 

5.5 0.36 0.5 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 

Vt+ Maximum Positive 3.0 2.2 2.2 TA = Worst Case 

Threshold 4.5 3.2 2.0 3.2 2.0 v 
5.5 3.9 3.9 

Vt- Minimum Negative 3.0 0.5 0.5 TA = Worst Case 

Threshold 4.5 0.9 0.8 0.9 0.8 v 

5.5 1.1 1.1 
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DC Characteristics for 'AC Family Devices ccontinued) 

74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +25°C 

TA= TA= 
Units Conditions 

(V) - 55°C to + 125°C -40°C to + 85°C 

Typ Guaranteed Limits 

vh(max) Maximum Hysteresis 3.0 1.2 1.2 TA = Worst Case 

4.5 1.4 1.2 1.4 1.2 v 

5.5 1.6 1.6 

vh(min) Minimum Hysteresis 3.0 0.3 0.3 TA = Worst Case 

4.5 0.4 0.4 0.4 0.4 v 

5.5 0.5 0.5 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 4.0 80.0 40.0 µA 

VrN =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee-

Ice for 54AC@ 25'C is identical to 74AC@ 25'C. 

AC Electrical Characteristics 
74AC 54AC 74AC 

Vee* TA= +25°C 
TA= -55°C TA= -4D°C 

Fig. 
Symbol Parameter to+ 12s·c to +ss0 c Units 

(V) CL= 50 pf 
CL= SO pf CL= SO pf 

No. 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 3.3 1.5 9.5 13.5 1.0 16.0 1.5 15.0 
2-5 

5.0 1.5 7.0 10.0 1.0 12.0 1.5 11.0 
ns 

tPHL Propagation Delay 3.3 1.5 7.5 11.5 1.0 14.0 1.5 13.0 
2-5 

5.0 1.5 6.0 8.5 1.0 10.0 1.5 9.5 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

CrN Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation 
25.0 pF 

Vee= 5.ov 
Capacitance 
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~National 
~Semiconductor 

54AC/74AC20 
Dual 4-lnput NANO Gate 

General Description 
The 'AC20 contains four 4-input NANO gates. 

Ordering Code: see section 5 

Logic Symbol 

IEEE/I EC 

Features 
• Outputs source/sink 24 mA 

Connection Diagrams 

Pin Assignment Pin Assignment 
for DIP, Flatpak and SOIC for LCC 

& 
Ao Do NC Co NC NC 

1 14 Vee Ao rn rzrn:rn:rn::i 
Bo 

Bo 
2 13 A1 

Co 
Oo 

NC 
3 12B1 60 rn 

Co 
4 11 NC GND [Q] 

Do 
5 1oc1 

NC [j] 
Do 

011l11 
Oo 

6 9 D1 A1 
GND 7 8 - D1 Ii] 

o, 
B1 

01 ~[j][j]][Z]li]] 

c, TL/F/9918-3 C1 NC NC NC B1 

D1 

TL/F/9918-1 

Pin Names Description 

Am, Bn, Cn. Dn Inputs 

On Outputs 
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0 
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Absolute Maximum Rating (Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -a.5V to + 7.0V 

DC Input Diode Current Cl1K) 
V1 = -a.5V 
V1 =Vee+ a.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -a.5V 
Vo= Vee+ o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T sTG) 

-2amA 
+20mA 

-a.5VtoVcc + a.5V 

-20mA 
+2amA 

-a.5V to to Vee + a.5V 

±50mA 

±5amA 

- 65°C to + 15o•c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 2.aV to 6.aV 
'ACT 4.5V to 5.5V 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 3a% to 70% of Vee 
Vcc ® 3.aV 
Vcc ® 4.5V 
Vcc ® 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from a.av to 2.aV, Vmeas 
from a.av to 2.ov 
Vcc® 4.5V 
Vcc ® 5.5V 

av to Vee 

av to Vee 

-4a0cto +a5°C 
- 55•c to + 125•c 

115·c 
14o·c 

150 ns/V 
4a ns/V 
25 ns/V 

10 ns/V 
a ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

be Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +25°C 

TA= TA= 
Units Conditions 

(V) - ss·c to + 12s•c - 4o•c to + as·c 

Typ Guaranteed Limits 

V1H Minimum High Level 3.a 1.5 2.1 2.1 2.1 Vour = a.1v 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - a.1v 

5.5 2.75 3.a5 3.a5 3.a5 

V1L Maximum Low Level 3.a 1.5 a.9 0.9 0.9 Vour = a.w 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVcc - a.w 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -5a µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

·v1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 

4.5 3.a6 3.7 3.76 v loH -24mA 
5.5 4.a6 4.7 4.76 ~24mA 

Vol Maximum Low Level 3.a a.aa2 0.1 0.1 a.1 lour= 50 µA 
Output Voltage 4.5 a.001 a.1 a.1 a.1 v 

5.5 a.ao1 a.1 a.1 a.1 

·v1N = V1L or V1H 
3.a a.36 a.5 0.44 12mA 
4.5 a.36 a.5 a.44 v loL 24mA 
5.5 a.36 0.5 a.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.a µA 

V1 = Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions (V) - 55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

lo Lo tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

IQHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 4.0 80.0 40.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note :l1N and lee @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee· 

Ice for 54AC@ 25'C is Identical to 74AC@ 25'C. 

AC Electrical Characteristics 
74AC 54AC 74AC 

Vee• TA= +25°C 
TA= -55°C TA= -40~C 

Fig. 
Symbol Parameter (V) CL= 50 pF 

to +125°C to +85°C Units 
No. 

CL= 50pF CL= 50 pF 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 3.3 2.0 6.0 8.5 1.0 11.0 1.5 10.0 
2-5 

5.0 1.5 5.0 7.0 1.0 8.5 1.0 8.0 
ns 

tPHL Propagation Delay 3.3 1.5 5.0 7.0 1.0 10.5 1.0 9.0 
2-5 

5.0 1.5 4.0 6.0 1.0 7.0 1.0 7.0 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= s.ov 
Cpo Power Dissipation 

40.0 pF 
Vee= 5.ov 

Capacitance 
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~National · 
D Semiconductor 
54AC/74AC32 • 54ACT/74ACT32 
Quad 2-lnput OR Gate 

General Description Features 
The 'AC/'ACT32 contains four, 2-input OR gates. • Outputs source/sink 24 mA 

• 'ACT32 has TIL-compatible inputs 
The Information for the 'ACT32 Is Advanced Information only. 

Ordering Code: see section 5 

Logic Symbol 

IEEE/I EC 

Ao ~1 
Oo 

Bo 

A1 
01 

81 

A2 
02 

B2 

A3 
03 

B3 

TL/F/9919-1 

Pin Names 

An, Bn 
On 

Connection Diagrams 

Pin Assignment 
for DIP, Flatpak and SOIC 

Ao----t~ ...... 
Bo 

Oo 

Ai--..... 

81 

01 

GND 

TL/F/9919-3 

Description 

Inputs 
Outputs 
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GND [QI 

NC [j] 

03 O] 
83 Ii] 

Pin Assignment 
for LCC 

B1 NC A1 NC 0o 
[[] rz:rn:m::i rn 

liJlll]]!rn[ZJl!ID 
A3NC02NC~ 

rne0 
!IIA0 
[i]NC 

~Vee 
li]JA2 

TL/F/9919-2 



Absolute Maximum Rating (Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current UoK) 
Vo= -0.5V 
Vo = Vee + o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (Tsrn) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

- 65°C to + 150°c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design Is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, tf) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vcc ® 3.0V 
Vcc ® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee® 4.5V 
Vee® 5.5V 

2.0Vto 6.0V 
4.5Vto 5.5V 

OVtoVcc 

OVtoVcc 

-40°C to + 85°C 
- 55°C to + 125°C 

175°C 
140°c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) -ss0 c to+ 12s0 c - 40°c to + as0 c 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = O.iV 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - o.1v 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = o.1v 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.5 0.44 12mA 
4.5 0.36 0.5 0.44 v loL 24mA 
5.5 0.36 0.5 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices ccontinued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= Units Conditions (V) - 55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 4.0 80.0 40.0 µA V1N =Vee 

Supply Current orGND 
"All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee-

Ice for 54AC ® 25"C Is identical to 74AC ® 25'C. 

AC Electrical Characteristics 
74AC 54AC 74AC 

Vee* TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter to+ 125°C to +ss0 c Units (V) CL= SOpF 

CL= SO pf CL= 50 pf 
No. 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 3.3 1.5 7.0 9.0 1.0 12.0 1.5 10.0 
2-5 

5.0 1.5 5.5 7.5 1.0 9.0 1.0 8.5 
ns 

tPHL Propagation Delay 3.3 1.5 7.0 8.5 1.0 11.5 1.0 9.0 
2-5 

5.0 1.5 5.0 7.0 1.0 8.5 1.0 7.5 
ns 

•voltage Range 3.3 Is 3.3V ± 0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation 
20.0 pF Vee= 5.0V 

Capacitance 
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~National 
~Semiconductor 

54AC/74AC74 • 54ACT/74ACT74 
Dual D-Type Positive Edge-Triggered Flip-Flop 

General Description Asynchronous Inputs: 
LOW input to So (Set) sets 0 to HIGH level 
LOW input to Co (Clear) sets 0 to LOW level 
Clear and Set are independent of clock 

The 'AC/'ACT74 is a dual D-type flip-flop with Asynchro
nous Clear and Set inputs and complementary (0, 0) out
puts. Information at the input is transferred to the outputs on 
the positive edge of the clock pulse. Clock triggering occurs 
at a voltage level of the clock pulse and is not directly relat
ed to the transition time of the positive-going pulse. After 
the Clock Pulse input threshold voltage has been passed, 
the Data input is locked out and information present will not 
be transferred to the outputs until the next rising edge of the 
Clock Pulse input. 

Simultaneous LOW on Co and So makes both 0 and 0 
HIGH 

Ordering Code: see section 5 

Logic Symbols 

D1 
So1 

Q1 

CP1 

Co1 
QI 

TL/F /9920-1 TL/F/9920-2 

IEEE/I EC 

Soi 
CP1 C1 

D1 

Co1 

So2 

CP2 

D2 

Co2 

TL/F /9920-3 

Pin Names Description 

D1,D2 Data Inputs 
CP1, CP2 Clock Pulse Inputs 

Co1.Co2 Direct Clear Inputs 

So1. So2 Direct Set Inputs 

L 01. 01. 02. 02 l Outputs 

Features 
• Output source/sink 24 mA 
• 'ACT74 has TIL-compatible inputs 

Connection Diagrams 
Pin Assignment 

for DIP, Flatpak and SOIC 

Co1_.,.,___ __ __, 

D1 

CP1 

So1 

Q1 

01 
GND 

Pin Assignment for LCC 

01 NC Soi NC CP1 
[]] m III rn rn 

01([] :.----,I [I)OI 

GND [@] ~1=111r.. [I] Co1 
NC[D] O]NC 

02[!11 ~Vee 
Q2~ 11.__--111 li]]Co2 

!GJ Ml [j]] liZl Ii]] 
5o2 NC CP2 NC ~ 
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Truth Table (Each Halt) 

Inputs 

So Co CP 

L H x 
H L x 
L L x 
H H _r 

H H _r 

H H L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

D 

x 
x 
x 
H 
L 
x 

.../ = LOW-to-HIGH Clock Transition 

Outputs 

Q Q 

H L 
L H 
H H 
H L 
L H 

Oo Oo 

Oo(Oo) = Previous Q(Q) before LOW-to-HIGH Transition of Clock 

Logic Diagram 

TL/F/9920-6 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating <Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current CloK) 
Vo= -0.5V 
Vo = Vee + o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature CTsrn) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

- 65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vcc@3.0V 
Vee @4.5V 
Vee@ 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.ov 
Vcc@4.5V 
Vee@ 5.5V 

2.0Vto 6.0V 
4.5Vto 5.5V 

OVtoVce 

OVtoVce 

- 40°C to + 85°C 
- 55°C to + 125°C 

175°C 
14o·c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) -ss·c to+ 12s0 c - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum Hign Level 3.0 1.5 2.1 2.1 2.1 VouT = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 VouT = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

·v1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.5 0.44 12 mA 
4.5 0.36 0.5 0.44 v loL 24mA 
5.5 0.36 0.5 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices ccontinued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) -ss·c to+ 12s·c - 40°c to + ss·c 

Typ Guaranteed Limits 

lo LO tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

IQHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 4.0 80.0 40.0 µA V1N =Vee 

Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice® 3.0V are guaranteed to be less than or equal to the respective limit ® 5.5V Vee· 
Ice for 54AC ® 2s•c is identical to 74AC ® 2s•c. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) -ss·c to + 12s·c - 4o•c to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

VouT = o.w 
Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - o.1v 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

VouT = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 orVcc - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

louT = -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

"'V1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH 
. -24mA 

5.5 4.86 4.70 4.76 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

louT = 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

v, =Vee. GND 
Leakage Current 

leer Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1v 
Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

IQHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 4.0 80.0 40.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT ® 2s·c is identical to 74ACT ® 2s•c. 
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AC Electrical Characteristics 

Symbol Parameter 

fmax Maximum Clock 
Frequency 

tPLH Propagation Delay 
Con or Son to On or On 

tPHL Propagation Delay 
Con or Son to On or On 

tPLH Propagation Delay 
CPn to On or On 

tPHL Propagation Delay 
CPn to On or On 

•voltage Range 3.3 is 3.3V ± 0.3V 

Voltage Range 5.0 is 5.0V ± 0.5V 

Vee• 
(V) 

Min 

3.3 100 
5.0 140 

3.3 5.0 
5.0 3.5 

3.3 4.0 
5.0 3.0 

3.3 4.5 
5.0 3.5 

3.3 3.5 
5.0 2.5 

AC Operating Requirements 

Symbol Parameter 

ts Set-up Time, HIGH or LOW 
Dn toCPn 

th Hold Time, HIGH or LOW 
Dn toCPn 

tw CPn or Con or Son 
Pulse Width 

tree Recovery Time 
Con or Son to CP 

•voltage Range 3.3 is 3.3V ± 0.3V 

Voltage Range 5.0 is 5.0V ±0.5V 

Vee• 
(V) 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

74AC 

TA= +25°C 
CL= 5DpF 

Typ Max 

125 
160 

8.0 12.0 
6.0 9.0 

10.5 12.0 
8.0 9.5 

8.0 13.5 
6.0 10.0 

8.0 14.0 
6.0 10.0 

74AC 

TA= +25°C 
CL= SOpF 

Typ 

1.5 4.0 
1.0 3.0 

-2.0 0.5 
-1.5 0.5 

3.0 5.5 
2.5 4.5 

-2.5 0 
-2.0 0 
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54AC 74AC 

TA= -ss·c TA= -4D°C 
Fig. 

to+ 12s·c to +85'C Units 
No. 

CL= 5DpF CL= 5DpF 

Min Max Min Max 

70 95 
MHz 2-3 

95 125 

1.0 13.0 4.0 13.0 
2-6 

1.0 9.5 3.0 10.0 
ns 

1.0 14.0 3.5 13.5 
2-6 

1.0 10.5 2.5 10.5 
ns 

1.0 17.5 4.0 16.0 
2-6 

1.0 12.0 3.0 10.5 
ns 

1.0 13.5 3.5 14.5 
2-6 

1.0 10.0 2.5 10.5 
ns 

54AC 74AC 

TA= -ss·c TA= -40"C 
Fig. 

to+ 12s·c to +as·c Units 
No. 

CL= 50pF CL= SO pf 

Guaranteed Minimum 

5.0 4.5 
2-9 

4.0 3.0 
ns 

0.5 0.5 
2-9 

0.5 0.5 
ns 

8.0 7.0 
5.5 5.0 

ns 2-0 

0.5 0 
2-9 

0.5 0 
ns 

II 



AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee• TA= +25°C 
TA= -ss·c TA= -40°C 

Fig. 
Symbol Parameter to+ 12s·c to +es·c Units 

No. (V) CL= SOpF 
CL= SOpF CL= SOpF 

Min Typ Max Min Max Min Max 

fmax Maximum Clock 
5.0 145 210 85 125 MHz 2-3 

Frequency 

tPLH Propagation Delay 
5.0 3.0 5.5 9.5 1.0 11.5 2.5 10.5 ns 2-6 

Con or Son to On or On 

tpHL Propagation Delay 
5.0 3.0 6.0 10.0 1.0 12.5 3.0 11.5 ns 2-6 

Con or Son to On or On 

tpLH Propagation Delay 
5.0 4.0 7.5 11.0 1.0 14.0 4.0 13.0. ns 2-6 

CPn to On or On 

tPHL Propagation Delay 
5.0 3.5 6.0 10.0 1.0 12.0 3.0 11.5 ns 2-6 

CPn to On or On 
•voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements 
74ACT 54ACT 74ACT 

Vee• TA= +25°C 
TA= -ss·c TA= -40°C 

Fig. 
Symbol Parameter to +125°C to +es·c Units 

No. {V) CL= SOpF 
CL= SOpF CL= 50pF 

Typ Guaranteed Minimum 

ts Set-up Time, HIGH or LOW 
5.0 1.0 3.0 4.0 3.5 ns 2-9 

DntoCPn 

th Hold Time, HIGH or LOW 
5.0 -0.5 1.0 1.0 1.0 ns 2-9 

DntoCPn 

tw CPn or Con or Son 
5.0 3.0 5.0 7.0 6.0 ns 2-6 

Pulse Width 

tree Recovery Time 
5.0 -2.5 0 0.5 0 ns 2-9 

Con or Son to CP 
•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 

Cpo Power Dissipation 
35.0 pF 

Vee= 5.ov 
Capacitance 
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~National ADVANCE INFORMATION 

D Semiconductor 

54AC/74AC85 • 54ACT/74ACT85 
4-Bit Magnitude Comparator 

General Description 
The 'AC/'ACT85 is a high speed, expandable 4-bit magni
tude comparator which compares two 4-bit words in any 
monotonic code (binary, BCD or other) and generates three 
outputs: A less than B, A greater than B, and A equal to B. 
Three expansion inputs allow serial (ripple) expansion over 
any word length without external gates. 

Logic Symbol 

Ao At A2 A3 Bo Bt B2 B3 
IA<B 

1A=B 

IA>e 

OA>e 

TL/F/9921-2 

Pin Names Description 

Ao-A3 Word A Inputs 
Bo-B3 Word B Inputs 
IA= B A = B Expansion Input 
IA< B, IA> B A < B, A > B Expansion Inputs 
OA > B A Greater Than B Output 
DA< B A Less Than B Output 
OA = B A Equal B Output 

Features 
• Easily expandable 
• Binary or BCD comparison 
• A > B, A < B, A = B output available 
• 'ACT85 has TIL-compatible inputs 

Connection Diagram 

83 

IA<B 

IA=B 

IA>e 

OA>e 

OA=B 

OA<B 

GND 

Pin Assignment 
for DIP and SOIC 

1 16 

2 15 

3 t.4 

4 13 

5 12 

6 t1 

7 10 

8 
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Vee 
A3 

B2 

A2 

At 

B1 

Ao 
Bo 

TL/F/9921-1 
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~National 
D Semiconductor 
54AC/74AC86 
Quad 2-lnput Exclusive-OR Gate 

General Description Features 
The AC/ ACT 86 contains four, 2-input exclusive-OR gates. • Outputs source/sink 24 mA 

Ordering Code:. see section s 

Logic Symbol Connection Diagrams 

IEEE/I EC 

Ao ~1 

Bo 
Oo 

A1 o, 
81 

A2 
02 

82 

A3 
03 

83 

TL/F/9909-3 

Pin Names 

Ao-A3 
80-83 
Oo-03 

Pin Assignment 
for DIP, Flatpak and SOIC 

Ao-1---
80 Oo_, __ 

A,-'"1~-. 

81 

o, 
GND 

Description 

Inputs 
Inputs 
Outputs 
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__ _.,....._A3 

83 

-----03 

TL/F/9909-2 

o1 IIJ 
GND [QI 

NC [TI 

031!11 
83@ 

Pin Assignment 
for LCC 

e, NC A, NC Oo 
[ID ill [[] [[) [!] 

ll1I [fil [§] li1) ll]J 
A3 NC 02 NC 82 

rn00 
11lAo 
D]NC 

~Vee 
ffIDA2 

TL/F/9909-1 



Absolute Maximum Ratings (Note 1> 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 

V1 = 0.5V 
V1 =Vee +0.5V 

DC Input Voltage (Vi) 

DC Output Diode Current (loK) 

Vo= -0.5V 

Vo= Vee +0.5V 
DC Output Voltage (Vo) 

DC Output Source or Sink Current (lo) 

DC Vee or Ground Current 
Per Output Pin (Ice or IGNo) 

Storage Temperature (Tsrn) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 

+20mA 

-0.5VtoVcc +0.5V 

±50mA 

±50mA 

-65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (VJ) 

Output Voltage (Vo) 

Operating Temperature (TA) 

74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 

CDIP 
CDIP 

Input Rise and Fall Time <tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vee® 3.ov 
Vee@ 4.5V 
Vcc ® 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee® 4.5V 
Vee® 5.5V 

2.0Vto6.0V 
4.5Vto 5.5V 

OVtoVee 

OVtoVec 

-40°C to + 85°C 
- 55°C to + 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= 25°C 
TA= TA= 

Units Conditions 
(V) -55°C to+ 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 VouT = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - o.1v 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 VouT = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - o.1v 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 louT = -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 louT = 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v IQL 24mA 
5.5 0.36 0.50 0.44 24mA 

•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 20 ms, one output loaded at a time. 
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DC Characteristics for 'AC Family Devices ccontinued) 

74AC 54AC 74AC 

Symbol Parameter 
Vee 

TA= 25°C 
TA= TA= 

Units 
(V) -55°C to+ 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

Leakage Current 

loz Maximum TRI-STATE® 

loLD tMinimum Dynamic 5.5 50 75 mA 

loHD 
Output Current 5.5 -50 -75 mA 

Ice Maximum Quiescent 
5.5 4.0 80 40 µA 

Supply Current 

•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 20 ms, one output loaded at a time. 
Note: liN and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee. 

Ice for 54AC @ 25°C is identical to 7 4AC @ 25'C. 

AC Electrical Characteristics: See Section 2 

74AC 54AC 74AC 

Vee* TA= +25°C 
TA= -55°C TA= -40°C 

Symbol Parameter to+ 125°C to +85°C 
(V) CL= SOpF 

CL= 50 pf CL= SOpF 

Min Typ Max Min Max Min Max 

tPHL Propagation Delay 3.3 2.0 6.0 11.5 1.0 14.0 1.5 12.5 

Inputs to Outputs 5.0 1.5 4.5 8.5 1.0 10.0 1.0 9.5 

tpLH Propagation Delay 3.3 2.0 6.5 11.5 1.0 14.0 1.5 12.5 

Inputs to Outputs 5.0 1.5 4.5 8.5 1.0 10.0 1.0 9.0 

•voltage Range 3.3V is 3.3V ±0.3V 
Voltage Range 5.0V is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation Capacitance 35 pF Vee= 5.0V 
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Conditions 

V1 =Vee. GND 

V1 (OE) = VIL• V1H 
Vo= Vcc.GND 

VoLD = 1.65V Max 

VoHD = 3.85V Min 

V1N =Vee 
orGND 

Fig. 
Units 

No. 

ns 2-5 

ns 2-5 



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--, ..&. 

~National 
~Semiconductor 

54AC/74AC109 • 54ACT/74ACT109 
Dual JK Positive Edge-Triggered Flip-Flop 

General Description 
Clear and Set are independent of clock The 'AC/'ACT109 consists of two high-speed completely 

independent transition clocked JK flip-flops. The clocking 
operation is independent of rise and fall times of the clock 
waveform. The JK design allows operation as a D flip-flop 
(refer to 'AC/'ACT74 data sheet) by connecting the J and K 
inputs together. 

Simultaneous LOW on Co and So makes both 0 and 0 
HIGH 

Asynchronous Inputs: 

LOW input to So (Set) sets 0 to HIGH level 

LOW input to Co (Clear) sets 0 to LOW level 

Ordering Code: see section 5 

Logic Symbols 

TL/F /9923-1 

IEEE/I EC 

So1 
J, o, 

CP1 
R, a, 

Co1 

So2 

J2 02 
CP2 

K2 02 

Co2 

Pin Names Description 

J1, J2, K1. K2 Data Inputs 
CP1, CP2 Clock Pulse Inputs 

Co1. Co2 Direct Clear Inputs 

801. 802 Direct Set Inputs 
01, 02, 01, 02 Outputs 

TL/F/9923-2 

TL/F/9923-7 

Features 
• Outputs source/sink 24 mA 
• 'ACT109 has TTL-compatible inputs 

Connection Diagrams 
Pin Assignment 

for DIP, Flatpak and SOIC 

Co1 

J, 

R1 K1 

CP1 
4 

CP1 

So1 
5 

So1 
o, o, 
a, ~ 

GND 

a, m 
GND Ii]] 

NC [j] 

02 li11 
02@ 

Pin Assignment 
for LCC 

o1 Soi NC CP1 R1 
(fillIJ[fil@J[i) 

~ li]ll]] lilll!ID 
~CP2NC K2 J2 

alJ1 
III Co1 
U]NC 

Im Vee 
liID Co2 
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O') 
0 ,..... Truth Table (each half) 

Inputs 

So Co 
L H 
H L 
L L 
H H 
H H 
H H 
H H 
H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

CP 

x 
x 
x 

_r 
_r 
_r 
_r 

L 

.../" = LOW-to-HIGH Transition 
X = Immaterial 

J 

x 
x 
x 
L 
H 
L 
H 
x 

Outputs 

K Q Q 

x H L 
x L H 
x H H 
L L H 
L Toggle 
H Oo Oo 
H H L 
x Oo Oo 

Oo(C:io) = Previous Oo(C:io) before LOW-to-HIGH Transition of Clock 

Logic Diagram cone halt shown> 

TL/F/9923-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current Cl1K) 
V1 = -0.5V 
v, =Vee+ 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T sTG) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

-65°C to + 15o•c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature {TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (t,, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vcc ® 3.0V 
Vcc ® 4.5V 
Vcc ® 5.5V 

Input Rise and Fall Time (t,, tt) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.ov 
Vcc ® 4.5V 
Vee@ 5.5V 

2.0Vto6.0V 
4.5Vto 5.5V 

OVtoVcc 

ovtoVcc 

- 4D°C to + 85°C 
- 55°C to + 125•c 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) -ss·c to + 12s·c -4o•c to + as·c 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 VouT = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 VouT = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 louT = - 50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

•v1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 louT = 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

•v1N = V1L or V1H 
3.0 0.36 0.5 0.44 12mA 
4.5 0.36 0.5 0.44 v loL 24mA 
5.5 0.36 0.5 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

v, = Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +25°C 

TA= TA= 
Units Conditions 

(V) -55°C to + 12s0 c - 40°C to + 85°C 

Typ Guaranteed Limits 

loLD t Minimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

IQHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

lee Maximum Quiescent 
5.5 4.0 80.0 40.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice@ 3.0V are guaranteed to be less than or equal to the respective limit@ 5.5V Vee. 

Ice for 54AC@ 25'C is identical to 74AC@ 25'C. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee 
TA= +25°C 

TA= TA= 
Units Conditions 

(V) - 55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

VouT = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 orVcc - o.1v 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

VouT = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vee - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

louT = -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH 
-24mA 

5.5 4.86 4.70 4.76 -24mA 

Vol Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

louT = 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA V1 = Vcc.GND 

Leakage Current 

lccT Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1v 
Ice/Input 

IOLo tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

IQHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 4.0 80.0 40.0 µA V1N =Vee 

Supply Current orGND 

'All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT@ 25'C is identical to 74ACT@ 25°C. 
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AC Electrical Characteristics co 

74AC 54AC 74AC 

Vee* TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter to+ 125°C to +as·c Units 

(V) CL= 50 pf 
CL= 50pF CL= 50pF 

No. 

Min Typ Max Min Max Min Max 

fmax Maximum Clock 3.3 125 150 65 100 
MHz 2-3 

Frequency 5.0 150 175 95 125 

tPLH Propagation Delay 3.3 4.0 8.0 13.5 1.0 17.5 3.5 16.0 
2-6 

CPn to On or On 5.0 2.5 6.0 10.0 1.0 12.0 2.0 10.5 
ns 

tpHL Propagation Delay 3.3 3.0 8.0 14.0 1.0 13.5 3.0 14.5 
2-6 

CPn to On or On 5.0 2.0 6.0 10.0 1.0 10.0 1.5 10.5 
ns 

tpLH Propagation Delay 3.3 3.0 8.0 12.0 1.0 13.0 2.5 13.0 
2-6 

Con or Son to On or On 5.0 2.5 6.0 9.0 1.0 9.5 2.0 10.0 
ns 

tpHL Propagation Delay 3.3 3.0 10.0 12.0 1.0 14.0 3.0 13.5 
2-6 

Con or Son to On or On 5.0 2.0 7.5 9.5 1.0 10.5 2.0 10.5 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements 
74AC 54AC 74AC 

Vee* TA= +25°c 
TA= -55°C TA= .-40°C 

Fig. 
Symbol Parameter to+ 125°C to +85°C Units 

(V) CL= 50 pf 
CL= 50 pf CL= 50pF 

No. 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 3.3 3.5 6.5 8.0 7.5 
2-9 

Jn or Kn to CPn 5.0 2.0 4.5 5.5 5.0 
ns 

th Hold Time, HIGH or LOW 3.3 -1.5 0 0 0 
2-9 

Jn or Kn to CPn 5.0 -0.5 0.5 0.5 0.5 
ns 

tw Pulse Width 3.3 2.0 4.0 8.0 4.5 

Con or Son 5.0 2.0 3.5 5.5 3.5 
ns 2-6 

tree Recovery Time 3.3 -2.5 0 0.5 0 
2-9 

Con or Son to CPn 5.0 -1.5 0 0.5 0 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 
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AC Electrical Characteristics 
74ACT 54ACT 74ACT 

TA= +2s0 c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter Vee• to + 12s·c to +ss•c Units 

No. (V) CL= 50pF 
CL= 50pF CL= 50pF 

Min Typ Max Min Max Min Max 

fmax Maximum Clock 
5.0 145 210 85 125 MHz 2-3 

Frequency 

tPLH Propagation Delay 
5.0 4.0 7.0 11.0 1.0 14.0 3.5 13.0 ns 2-6 

CPn to On or On 

tpHL Propagation Delay 
5.0 3.0 6.0 10.0 1.0 12.0 2.5 11.5 ns 2-6 

CPn to On or On 

tPLH Propagation Delay 
5.0 2.5 5.5 9.5 1.0 11.5 2.0 10.5 ns 2-6 

Con or Son to On or On 

tPHL Propagation Delay 
5.0 2.5 6.0 10.0 1.0 12.5 2.0 11.5 ns 2-6 

Con or Son to On or On 
*Voltage Range 5.0 is 5.0V ± 0.5V 

AC Operating Requirements 
74ACT 54ACT 74ACT 

Vee• TA= +2s0 c 
TA= -ss·c TA= -4o·c 

Fig. 
Symbol Parameter to+ 12s0 c to +ss·c Units 

No. (V) CL= 50pF 
CL= 50pF CL= 50pF 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 
5.0 0.5 2.0 2.5 2.5 ns 2-9 

Jn or Kn to CPn 

th Hold Time, HIGH or LOW 
5.0 0 2.0 2.0 2.0 ns 2-9 

Jn or Kn to CPn 

tw Pulse Width 
5.0 3.0 5.0 7.0 6.0 ns 2-6 

CPn or Con or Son 

tree Recovery Time 
5.0 -2.5 0 0.5 0 ns 2-9 

Con or Son to CPn 
•voltage Range 5.0 is 5.0V ± 0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation 
35.0 pF 

Vee= 5.ov 
Capacitance 
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ADVANCE INFORMATION 

54AC/74AC112 • 54ACT/74ACT112 
Dual JK Negative Edge-Triggered Flip-Flop 

General Description 
The 'AC/' ACT112 contain two independent, high-speed J K 
flip-flops with Direct Set and Clear inputs. Synchronous 
state changes are initiated by the falling edge of the clock. 
Triggering occurs at a voltage level of the clock and is not 
directly related to the transition time. The J and K inputs can 
change when the clock is in either state without affecting 
the flip-flop, provided that they are in the desired state dur
ing the recommended setup and hold times relative to the 
falling edge of the clock. A LOW signal on So or Co pre
vents clocking and forces 0 or Q HIGH, respectively. Simul
taneous LOW signals on So and Co force both 0 and Q 
HIGH. 

Logic Symbols 

01 

TL/F/9924-1 TL/F/9924-2 

IEEE/I EC 

So1 
J, 

eP1 e, 
Kt 

Co1 
So2 

J2 

fli2 
K2 

Co2 
TL/F/9924-4 

Pin Names Description 

J1.h K1, K2 Data Inputs 
CP1, CP2 Clock Pulse Inputs (Active Falling Edge) 

Co1. Co2 Direct Clear Inputs (Active LOW) 

So1.So2 Direct Set Inputs (Active LOW) 

01. 02. Ot. 02 Outputs 

Asynchronous Inputs: 

LOW input to So sets 0 to HIGH level 
LOW input to Co sets 0 to LOW level 
Clear and Set are independent of clock 
Simultaneous LOW on Co and So makes both 0 and Q 

HIGH 

Features 
11 'ACT112 has TTL-compatible inputs 

Connection Diagrams 

Pin Assignment 
for DIP, SOIC and Flatpak 

Ciit---.---. 
Kt 

Jt 

Sot 
Ot 

Ot 
02 

GND 

02 [[I 
GND [QI 

NC[TI] 

02 ITll 
So2 [l] 

Pin Assigment 
for LCC 

Ot 01 NC Sot J1 
[]] m []]mm 

~[illl!§J[j1][j]] 
J2 K2 NC CP2 Coi 

Ll:JK1 

III EP1 
[j] NC 

~Vee 
[]]Cot 

TL/F/9924-3 

TL/F/9924-5 
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54AC/74AC138 • 54ACT/74ACT138 
1-of-8 Decoder/Demultiplexer 

General Description 
The 'AC/'ACT138 is a high-speed 1-of-8 decoder/demulti
plexer. This device is ideally suited for high-speed bipolar 
memory chip select address decoding. The multiple input 
enables allow parallel expansion to a 1-of-24 decoder using 
just three 'AC/'ACT138 devices or a 1-of-32 decoder using 
four 'AC/'ACT138 devices and one inverter. 

Ordering Code: see sections 

Logic Symbol 

Features 
• Demultiplexing capability 
• Multiple input enable for easy expansion 
• Active LOW mutually exclusive outputs 
• Outputs source/sink 24 mA 
• 'ACT138 has TIL-compatible inputs 

Connection Diagrams 

Pin Assignment Pin Assignment 
for DIP, Flatpak and SOIC for LCC 

E3 £2 NC £1 A2 
Ao 1 16 Vee I!! m ill rn rn 
A1 2 15 60 

TL/F /9925-1 

IEEE/I EC 

A2 3 14 01 07 []] 

E1 4 13 02 
GND Ii]] 

E2 12 03 
NC [j] 

5 
6s 1i11 

E3 6 11 04 05 Ii] 
07 7 10 05 

BIN/OCT 
0 60 

Ao o, 
A1 2 

2 02 
A2 4 

03 

GND Os [j]][j]][i][j]li]] 

54 63 NC 02 01 
TL/F/9925-2 

&: 4 04 
E3 

5 05 
E1 EN 

Os 
E2 

7 07 

TL/F/9925-7 

Pin Names Description 

Ao-A2 Address Inputs 

E1-E2 Enable Inputs 

E3 Enable Input 

Oo-01 Outputs 
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Functional Description 
The 'AC/'ACT138 high-speed 1-of-8 decoder/demultiplexer 
accepts three binary weighted inputs (Ao, A1, A2) and, when 
enabled, provides eight mutually exclusive active-LOW out
puts (Oo-07). The 'AC/'ACT138 features three Enable in
puts, two active-LOW (E1, E2) and one active-HIGH (E3). All 
outputs will be HIGH unless E1 and E2 are LOW and E3 is 
HIGH. This multiple enable function allows easy parallel ex
pansion of the device to a 1-of-32 (5 lines to 32 lines) 

Truth Table 
Inputs 

E1 E2 Ea Ao A1 A2 Oo 01 02 
H x x 
x H x 
x x L 

L L H 
L L H 
L L H 
L L H 

L L H 
L L H 
L L H 
L L H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

x 
x 
x 

L 
H 
L 
H 

L 
H 
L 
H 

x x H H H 
x x H H H 
x x H H H 

L L L H H 
L L H L H 
H L H H L 
H L H H H 

L H H H H 
L H H H H 
H H H H H 
H H H H H 
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decoder with just four 'AC/'ACT138 devices and one invert
er (see Figure 1). The 'AC/'ACT138 can be used as an 8-
output demultiplexer by using one of the active LOW Enable 
inputs as the data input and the other Enable inputs as 
strobes. The Enable inputs which are not used must be per
manently tied to their appropriate active-HIGH or active
LOW state. 

Outputs 

03 04 05 Os 07 
H H H H H 
H H H H H 
H H H H H 

H H H H H 
H H H H H 
H H H H H 
L H H H H 

H L H H H 
H H L H H 
H H H L H 
H H H H L 

...... 
w 
CX> 



Logic Diagram 

01 
TL/F/9925-4 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -a.5V to + 7.av 

DC Input Diode Current (l1K) 
V1 = -a.5V 
V1 =Vee+ a.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -a.5V 
Vo = Vee + a.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGNo) 

Storage Temperature (Tsrn) 

-2amA 
+2amA 

-a.5V to Vee + a.5V 

-2amA 
+2amA 

-a.5V to to Vee + a.5V 

±5amA 

±5amA 

-65°C to + 15a•c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

·AC 2.av to 6.av 
'ACT 4.5V to 5.5V 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 3a% to 7a% of Vee 
Vee® 3.av 
Vcc ® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from a.av to 2.aV, Vmeas 
from a.av to 2.av 
Vcc ® 4.5V 
Vee® 5.5V 

av to Vee 

av to Vee 

-4a0 cto +a5°C 
- 55°C to + 125°C 

115°c 
14a•c 

15a ns/V 
4a ns/V 
25 ns/V 

1a ns/V 
a ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions (V) -ss•c to+ 12s0 c - 4o•c to + as·c 

Typ Guaranteed Limits 

V1H Minimum High Level 3.a 1.5 2.1 2.1 2.1 Vour = a.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - a.1V 

5.5 2.75 3.a5 3.a5 3.a5 

V1L Maximum Low Level 3.a 1.5 a.9 a.9 a.9 Vour = a.1v 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - a.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.a 2.99 2.9 2.9 2.9 lour= -5a µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.a 2.56 2.4 2.46 -12mA 
4.5 3.a6 3.7 3.76 v loH -24mA 
5.5 4.a6 4.7 4.76 -24mA 

Vm Maximum Low Level 3.a a.aa2 a.1 a.1 a.1 lour= 5a µA 
Output Voltage 4.5 a.aa1 a.1 a.1 a.1 v 

5.5 a.aa1 a.1 a.1 0.1 

*V1N = V1L or V1H 
3.a a.36 a.5a a.44 12mA 
4.5 a.36 a.5a a.44 v loL 24mA 
5.5 a.36 a.5a a.44 24mA 

l1N Maximum Input 
5.5 ±a.1 ±1.a ±1.a µA 

V1 = Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= Units Conditions {V) -55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

IQLD t Minimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

IQHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on Input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: 11N and Ice® 3.0V are guaranteed to be less than or equal to the respective limit@ 5.5V Vee. 

Ice for 54AC ® 2s•c Is identical to 7 4AC ® 2s•c. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) - 55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

VouT = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

VouT = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vee - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

louT = -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

·v1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH 
-24mA 

5.5 4.86 4.70 4.76 -24mA 

Vol Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

louT = 50 µA 
Output '.'c!tage 5.5 0.001 0.1 0.1 0.1 

·v1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA V1 =Vee. GND 

Leakage Current 

lccT Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1v 
Ice/Input 

IQLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT@ 2s•c is identical to 74ACT ® 2s•c. 
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AC Electrical Characteristics 
74AC 54AC 74AC 

Vee• TA= +2s0 c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter to+ 12s0 c to +ss·c Units (V) CL= 50pF 

CL= 50pF CL= 50pF 
No. 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 3.3 1.5 8.5 13.0 1.0 16.0 1.5 15.0 
2-6 

An to On 5.0 1.5 6.5 9.5 1.0 12.0 1.5 10.5 
ns 

tPHL Propagation Delay 3.3 1.5 8.0 12.5 1.0 15.0 1.5 14.0 
2-6 

An to On 5.0 1.5 6.0 9.0 1.0 11.5 1.5 10.5 
ns 

tPLH Propagation Delay 3.3 1.5 11.0 15.0 1.0 16.5 1.5 16.0 
2-6 

E1 orE2toOn 5.0 1.5 8.0 11.0 1.0 13.0 1.5 12.0 
ns 

tPHL Propagation Delay 3.3 1.5 9.5 13.5 1.0 15.5 1.5 15.0 
2-6 

E1 orE2toOn 5.0 1.5 7.0 9.5 1.0 12.0 1.5 10.5 
ns 

tPLH Propagation Delay 3.3 1.5 11.0 15.5 1.0 17.0 1.5 16.5 
2-6 

Esto On 5.0 1.5 8.0 11.0 1.0 13.5 1.5 12.5 
ns 

tPHL Propagation Delay 3.3 1.5 8.5 13.0 1.0 15.0 1.5 14.0 
2-6 

Es to On 5.0 1.5 6.0 8.0 1.0 11.0 1.0 9.5 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 

AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee• TA= +2s0 c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter to+ 12s·c to +ss•c Units (V) CL= 50pF 

CL= 50pF CL= 50pF 
No. 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 
5.0 1.5 7.0 10.5 1.0 12.5 1.5 11.5 ns 2-6 

An to On 

tPHL Propagation Delay 
5.0 1.5 6.5 

10.5 
1.0 12.5 1.5 11.5 2-6 

An to On 
ns 

tPLH Propagation Delay 
5.0 2.5 8.0 11.5 1.0 13.5 2.0 12.5 ns 2-6 

E1 or E2 to On 

tPHL Propagation Delay 
5.0 2.0 7.5 11.5 1.0 12.5 2.0 12.5 ns 2-6 

E1 orE2toOn 

tPLH Propagation Delay 
5.0 2.5 8.0 12.0 1.0 14.0 2.0 13.0 ns 2-6 

Esto On 

tPHL Propagation Delay 
5.0 2.0 6.5 10.5 1.0 12.0 1.5 11.5 ns 2·6 

Esto On 

•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation 
60.0 pF 

Vee= 5.ov 
Capacitance 
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54AC/74AC139 • 54ACT/74ACT139 
Dual 1-of-4 Decoder/Demultiplexer 

General Description 
The 'AC/'ACT139 is a high-speed, dual 1-of-4 decoder/de
multiplexer. The device has two independent decoders, 
each accepting two inputs and providing four mutually-ex
clusive active-LOW outputs. Each decoder has an active
LOW Enable input which can be used as a data input for a 
4-output demultiplexer. Each half of the 'AC/'ACT139 can 
be used as a function generator providing all four minterms 
of two variables. 

Ordering Code: see section 5 

Logic Symbols 

Features 
• Multifunction capability 
• Two completely independent 1-of-4 decoders 
• Active LOW mutually exclusive outputs 
• Outputs source/sink 24 mA 
• 'ACT139 has TTL-compatible inputs 

Connection Diagrams 

IEEE/IEC Pin Assignment 

X/Y 
0 

Aoa 1 
A1a 2 

2 
DECODER a 

Ea EN 
3 

TL/F /9926-B 
Aob 

Alb 

b I I 
Eb 

DECODER b 

TL/F/9926-1 

Pin Names Description 

Ao,A1 Address Inputs 
E Enable Inputs 
Oo-03 Outputs 
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Oea 

0111 

0211 

03a 

Oob 

01b 

02b 

03b 

TL/F/9926-2 

for DIP, Flatpak and SOIC 

Ea 
Aea 
A1a 

Oaa 

01a 

02a 

03a 

GND 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

8 

Pin Assignment 
forLCC 

~01a NC OoaA1a 
!!I !ll III rn m 

Vee 
Eb 

Aob 

A1b 

<>ob 

01b 

02b 

03b 

TL/F/9926-3 

~~~:o~~· NC [i] [I]HC 

03blill liQIVcc 
02b li]J ll2l Eb 

Ii!! fill [fil [Z) ll]) 

01bi>a,NCA1bAob 

TL/F/9926-4 

..... 
w 
co 

II 



O> 
C") ,... Functional Description 

The 'AC/'ACT139 is a high-speed dual 1-of-4 decoder/de
multiplexer. The device has two independent decoders, 
each of which accepts two binary weighted inputs (A0-A1) 
and provides four mutually exclusive active-LOW outputs 
(Oo-03). Each decoder has an active-LOW. enable (E). 
When E is HIGH all outputs are forced HIGH. The enable 
can be used as the data input for a 4-output demultiplexer 
application. Each half of the 'AC/'ACT139 generates all four 
minterms of two variables. These four minterms are useful 
in some applications, replacing multiple gate functions as 
shown in Figure a, and thereby reducing the number of 
packages required in a logic network. 

~fro, 
A1 

~3rf-o, 
A1 

.:3LJ-•1 
A1 

~3=D-•1 
A1 

~3D-·· 
A1 

.:3D-·· 
A1 

~~o, 
A1 ~3=D-·· A1 

TL/F/9926-6 

FIGURE a. Gate Functions (Each Half) 

Logic Diagram 

Truth Table 
Inputs 

E Ao A1 
H x x 
L L L 
L H L 
L L H 
L H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Outputs 

Oo 01 02 
H H H 
L H H 
H L H 
H H L 
H H H 

TL/F /9926-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1> 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

SupplyVoltage(Vcc) -0.5Vto +7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
v, = Vee + o.5V 

DC Input Voltage (Vi) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo= Vee+ o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGNo) 

Storage Temperature (T srn) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee+ 0.5V 

±50mA 

±50mA 

- 65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (Vi) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, tt) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vee@ 3.0V 
Vec@4.5V 
Vee@ 5.5V 

Input Rise and Fall Time (tr. tf) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee @4.5V 
Vee@ 5.5V 

2.0Vto 6.0V 
4.5Vto 5.5V 

OVtoVcc 

OVto Vee 

- 40°C to + 85°C 
- 55°C to + 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) - 55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = o.1v 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v orVcc - 0.1V 

5.5 2.75 3.85 3.85 3.85 

Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = o.1v 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*VIN = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

Vol Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v Im 24mA 
5.5 0.36 0.50 0.44 24mA 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +2s0 c 

TA= TA= 
Units Conditions 

(V) - ss·c to + 12s·c - 4o·c to + as·c 

Typ Guaranteed Limits 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

v, =Vee. GND 
Leakage Current 

IQLO tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

IQHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA V1N =Vee 

Supply Current orGND 

*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee. 
Ice for 54AC ® 25°C is identical to 7 4AC @ 25°C. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee 
TA= +2s0 c 

TA= TA= 
Units Conditions 

(V)· -ss·c to + 12s0 c - 4o•c to + as·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

Vour = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

Vour = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vee - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 v lour= -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

•v1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH 
-24mA 

5.5 4.86 4.70 4.76 -24mA 

Vm Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

lour= 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA V1 = Vcc.GND 

Leakage Current 

leer Maximum 
5.5 0.6 1.6 1.5 mA 

v, =Vee - 2.1v 
Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 mA Volo = 1.65V Max 

lo HD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT ® 25°C is identical to 74ACT@ 25°C. 
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AC Electrical Characteristics 

Symbol Parameter 

tPLH Propagation Delay 
An to On 

tPHL Propagation Delay 
An to On 

tPLH Propagation Delay 
EntOOn 

tpHL Propagation Delay 
EntOOn 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

Vee• 
(V) 

Min 

3.3 4.0 
5.0 3.0 

3.3 3.0 
5.0 2.5 

3.3 4.5 
5.0 3.5 

3.3 4.0 
5.0 2.5 

AC Electrical Characteristics 

Vee• 
Symbol Parameter (V) 

Min 

tPLH Propagation Delay 
5.0 1.5 

An to On 

tpHL Propagation Delay 
5.0 1.5 

AntOOn 

tPLH Propagation Delay 
5.0 2.5 

En to On 

tPHL Propagation Delay 
5.0 2.0 

En to On 
•voltage Range 5.0 is 5.0V ± 0.5V 

Capacitance 

Symbol Parameter 

C1N Input Capacitance 

Cpo Power Dissipation 
Capacitance 

74AC 

TA= +2s0 c 
CL= 50pF 

Typ Max 

8.0 11.5 
6.5 8.5 

7.0 10.0 
5.5 7.5 

9.5 12.0 
7.0 8.5 

8.0 10.0 
6.0 7.5 

74ACT 

TA= +2s0 c 
CL= 50pF 

Typ Max 

6.0 8.5 

6.0 9.5 

7.0 10.0 

7.0 9.5 

AC/ACT 

Typ 

4.5 

40.0 
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54AC 74AC 

TA= -ss·c TA= -40°c 
Fig. 

to+ 12s·c to +es·c Units 
No. 

CL= 50pF CL= 50pF 

Min Max Min Max 

1.0 14.5 3.5 13.0 
2-6 

1.0 11.0 2.5 9.5 
ns 

1.0 12.5 2.5 11.0 
2-6 

1.0 10.0 2.0 8.5 
ns 

1.0 14.5 3.5 13.0 
2-6 

1.0 11.0 3.0 10.0 
ns 

1.0 12.5 3.0 11.0 
2-6 

1.0 10.0 2.5 8.5 
ns 

54ACT 74ACT 

TA= -ss·c TA= -40°c 
Fig. 

to+ 12s·c to +es·c Units 
No. 

CL= 50pF CL= 50pF 

Min Max Min Max 

1.0 12.0 1.5 9.5 ns 2-6 

1.0 11.0 1.5 10.5 ns 2-6 

1.0 12.5 2.0 11.0 ns 2-6 

1.0 12.0 1.5 10.5 115 2-U 

Units Conditions 

pF Vee= 5.ov 

pF 
Vee= 5.0V 



~National 
D Semiconductor 
54AC/74AC151 • 54ACT/74ACT151 
8-lnput Multiplexer 

General Description Features 
• Outputs source/sink 24 mA The 'AC/'ACT151 is a high-speed 8-input digital multiplexer. 

It provides, in one package, the ability to select one line of 
data from up to eight sources. The 'AC/'ACT151 can be 
used as a universal function generator to generate any logic 
function of four variables. Both true and complementary out
puts are provided. 

• 'ACT151 has TIL-compatible inputs 

Ordering Code: see sections 

Logic Symbol Connection Diagrams 

Pin Assignment Pin Assignment 
for DIP, Flatpak and SOIC for LCC 

Z Z NC lo 11 
13 16 Vee [[I !II l!l l~HII 
12 2 15 14 

11 3 14 15 E lil 

TL/F/9927-1 

IEEE/I EC 

'o 4 13 15 
GND [i]I 

z 5 12 17 
NC [j] 

S2 li11 z 6 11 So S1 ll]] 
E 7 10 S1 

MUX GND 8 9 S2 G] Ii]] Ii]] [Z] liE 
EN 

So }i s, 
S2 

So?NCl6 15 
TL/F/9927-2 

lo 0 

11 Truth Table 

rn12 
III 13 
[I]NC 

@!Vee 
rim 14 

TL/F/9927-3 

12 Inputs Outputs 
13 

14 

15 

15 

7 
TL/F/9927-6 

Pin Names Description 

lo-11 Data Inputs 
So-S2 Select Inputs 
E Enable Input 
z Data Output 
z Inverted Data Output 

E S2 

H x 
L L 
L L 
L L 
L L 
L H 
L H 
L H 
L H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
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S1 So z z 
x x H L 
L L To lo 
L H 11 11 
H L f2 12 
H H 13 13 
L L 14 14 
L H 15 15 
H L f5 15 
H H 17 17 



Functional Description 
The 'AC/'ACT151 is a logic implementation of a single pole, 
8-position switch with the switch position controlled by the 
state of three Select inputs, So, S1, S2. Both true and com
plementary outputs are provided. The Enable input (E) is 
active LOW. When it is not activated, the complementary 
output is HIGH and the true output is LOW regardless of all 
other inputs. The logic function provided at the output is: 

Z = E •(lo• So• S1 • S2 + 11 •So• S1 • S2 + 
12 •So • S1 • s2 + 13 • So• S1 • S2 + 
14 •So • S1 • s2 + 15 • So • s1 • s2 + 
15 •So • S1 • S2 + 17 • So • S1 • S2) 

Logic Diagram 

~ ..... ·~ - l 
~ ..... :JI - 1 
~ ..... :JI - 1 

-I w...-1- -I w...-1-

'-~ '-~ 

-i"""W.1-

L 

The 'AC/'ACT151 provides the ability, in one package to 
select from eight sources of data or control information. By 
proper manipulation of the inputs, the 'AC/'ACT151 can 
provide any logic function of four variables and its comple
ment. 

... ..,,,~ I- -I ........ I- '"l"""w.1- ..... '"Ii-I I- -...-.-.-

r y y 

·~ ~~ 

r, 
r--t 

~ 

z z 
TL/F/9927-4 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 

If Mllltary I Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
v1 = Vee + o.5V 

DC Input Voltage (V1) 

DC Output Diode Current CloK) 
Vo= -0.5V 
Vo = Vee + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGNo) 

Storage Temperature (T sTG) 

-20mA 
+20mA 

-0.5VtoVcc + 0.5V 

-20mA 
+20mA 

-0.5VtotoVcc + 0.5V 

±50mA 

±50mA 

- 65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 2.0V to 6.0V 
'ACT 4.5V to 5.5V 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, tf) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vcc ® 3.0V 
Vcc ® 4.5V 
Vee@ 5.5V 

Input Rise and Fall Time (tr, tf) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee@ 4.5V 
Vee@ 5.5V 

OVtoVcc 

OVtoVcc 

- 40°C to + 85°C 
- 55°C to + 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25ns/V 

10 ns/V 
8ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) -55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v orVcc - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 VouT = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VOL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

v, =Vee. GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= TA= TA= 
Units Conditions 

(V) +25°C -ss·c to+ 12s·c - 4o•c to + es·c 

Typ Guaranteed Limits 

IQLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee. 
Ice for 54AC @ 25°C is identical to 74AC @ 2s•c 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= TA= TA= 
Units Conditions 

(V) +25°c -ss·c to+ 12s·c - 4o•c to + es·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 v VouT = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 v VouT = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 orVcc - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 v louT = -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 v loH 

-24mA 
5.5 4.86 4.70 4.76 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 v lour= 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 v loL 

24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 

lceT Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1V 
lee/Input 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

ioHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT ® 2s·c is identical to 74ACT@ 2s•c. 
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,.... 
LI) ,.... AC Electrical Characteristics 

Vee* Symbol Parameter 
(V) 

Min 

tPLH Propagation Delay 3.3 3.0 
Sn to Z or Z 5.0 2.5 

tPHL Propagation Delay 3.3 2.5 
Sn to ZorZ 5.0 2.0 

tPLH Propagation Delay 3.3 2.5 
E to Z orZ 5.0 2.0 

tPHL Propagation Delay 3.3 1.5 
Eto Z orZ 5.0 1.5 

tPLH Propagation Delay 3.3 2.5 
In to Z or Z 5.0 1.5 

tpHL Propagation Delay 3.3 2.5 
In to Z or Z 5.0 1.5 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

AC Electrical Characteristics 

Vee* Symbol Parameter 
(V) 

Min 

tPLH Propagation Delay 
5.0 3.5 

SntO Z 

tpHL Propagation Delay 
5.0 3.5 

SntoZ 

tPLH Propagation Delay 
5.0 3.5 

SntoZ 

tPHL Propagation Delay 
5.0 4.0 

SntoZ 

tPLH Propagation Delay 
5.0 2.5 

EtoZ 

tPHL Propagation Delay 
5.0 2.5 

EtoZ 

tPLH Propagation Delay 
5.0 2.5 

Etoz 

tPHL Propagation Delay 
5.0 3.0 

Etoz 

tPLH Propagation Delay 
5.0 3.5 

Into Z 

tpHL Propagation Delay 
5.0 3.5 

In to Z 

tPLH Propagation Delay 
5.0 3.5 

lntoZ 

tpHL Propagation Delay 
5.0 4.0 

In to Z 

•voltage Range 5.0 is 5.0V ±0.5V 

74AC 

TA= +25°C 
CL= 50pF 

Typ Max 

11.5 18.0 
8.5 13.0 

12.0 18.0 
8.5 13.0 

8.0 13.0 
6.0 10.0 

8.5 13.0 
6.5 10.0 

9.5 14.0 
7.0 10.5 

9.5 15.0 
7.0 11.0 

74ACT 

TA= +25°C 
CL= 50pF 

Typ Max 

12.5 15.5 

12.5 15.5 

12.5 15.0 

12.5 16.5 

10.0 9.5 

10.5 9.0 

10.0 8.5 

10.5 10.0 

11.0 11.5 

11.0 12.0 

11.0 12.0 

11.0 12.5 
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54AC 74AC 

TA= -55°C TA= -40°C 
Fig. 

to+ 125°C to +as0 c Units 
No. 

CL= 50pF CL= 50pF 

Min Max Min Max 

1.0 22.0 3.0 20.0 
2-6 

1.0 15.5 2.0 15.0 
ns 

1.0 22.0 2.5 20.0 
2-6 

1.0 15.5 1.5 15.0 
ns 

1.0 15.5 2.0 14.0 
2-6 

1.0 12.0 1.5 11.0 
ns 

1.0 15.5 1.5 14.0 
2-6 

1.0 12.0 1.5 11.0 
ns 

1.0 16.0 2.0 15.5 
2-5 

1.0 12.0 1.5 11.0 
ns 

1.0 18.0 2.0 16.0 
2-5 

1.0 13.0 1.5 12.0 
ns 

54ACT 74ACT 

TA= -55°C TA= -40°C 
Fig. 

to+ 125°C to +85°C Units 
CL= 50pF CL= 50pF 

No. 

Min Max Min Max 

1.0 19.5 3.0 17.0 ns 2-6 

1.0 20.0 3.0 16.5 ns 2-6 

1.0 19.5 3.0 16.5 ns 2-6 

1.0 20.0 3.5 18.5 ns 2-6 

1.0 12.0 2.5 10.0 ns 2-6 

1.0 12.5 2.5 10.0 ns 2-6 

1.0 12.0 2.5 9.5 ns 2-6 

1.0 12.5 2.5 10.5 ns 2-6 

1.0 15.0 3.0 12.5 ns 2-6 

1.0 16.0 3.0 13.5 ns 2-6 

1.0 15.0 3.0 13.0 ns 2-6 

1.0 16.0 3.0 14.0 ns 2-6 



Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

CrN Input Capacitance 4.5 pF Vee= 5.ov 

Cpo Power Dissipation 
70.0 pF Vee= 5.0V 

Capacitance 

a 
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Cf) 
Lt) ,.... 
~National 
~Semiconductor 

54AC/74AC153 • 54ACT/74ACT153 
Dual 4-lnput Multiplexer 

General Description Features 
The 'AC/'ACT153 is a high-speed dual 4-input multiplexer 
with common select inputs and individual enable inputs for 
each section. It can select two lines of data from four sourc
es. The two buffered outputs present data in the true (non
inverted) form. In addition to multiplexer operation, the 'AC/ 
'ACT1 53 can act as a function generator and generate any 
two functions of three variables. 

• Outputs source/sink 24 mA 
• 'ACT153 has TTL-compatible inputs 

Ordering Code: see section 5 

Logic Symbols Connection Diagrams 

IEEE/I EC Pin Assignment 
for DIP, Flatpak and SOIC 

So 

S1 Ea 16 Vee 

S1 2 15 Eb 

TL/F/9928-1 

MUX 
Ea EN 

loa 0 

l1a 1 

l2a 2 

13a 3 

Eb 

13a 3 14 So 

l2a 4 13 l3b 

l1a 5 12 l2b 
Za 

loa 6 11 l1b 

Za 7 10 lob 

GND 8 9 zb 

lob TL/F/9928-3 

l1b zb 

l2b 

l3b 

TL/F/9928-2 

Pin Assignment 
for LCC 

Pin Names Description 'tla l1a NC~~ 

1oa-13a Side A Data Inputs rn:i m [[] rn rn 
lob-13b Side B Data Inputs 

So,S1 Common Select Inputs 

Ea Side A Enable Input 

Eb Side B Enable Input 

Za Side A Output 

zb Side B Output 

Za [[) rns1 
GND [QI rn fa 

NCIDJ Q]NC 

zb li1l @!Vee 

lob~ !IID Eb 

~ li]][j] [Z][i]) 

l1b '2b NC 13b So 
TL/F/9928-4 
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Functional Description 
The 'AC/'ACT153 is a dual 4-input multiplexer. It can select 
two bits of data from up to four sources under the control of 
the common Select inputs (S0 , S1). The two 4-input multi
plexer circuits have individual active-LOW Enables (Ea. Eb) 
which can be used to strobe the outputs indepedently. 
When the Enables (Ea. Eb) are HIGH, the corresponding 
outputs Za. Zb) are forced LOW. The 'AC/'ACT153 is the 
logic implementation of a 2-pole, 4-position switch, where 
the position of the switch is determined by the logic levels 
supplied to the Select inputs. The logic equations for the 
outputs are shown below. 

Za =Ea• (loa • S1 •So+ l1a • S1 •So+ 
l2a • S1 • So + l3a • S1 • So) 

Zb =Eb• (lob• S1 •So+ l1b • S1 •So+ 
l2b. S1. So + l3b. S1. So) 

Logic Diagram 

Truth Table 
Select 
Inputs 

So S1 E 

x x H 
L L L 
L L L 
H L L 

H L L 
L H L 
L H L 
H H L 
H H L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Inputs (a orb) Output 

lo 11 12 13 z 
x x x x L 
L x x x L 
H x x x H 
x L x x L 

x H x x H 
x x L x L 
x x H x H 
x x x L L 
x x x H H 

TL/F/9928-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1> 

If Miiitary I Aerospace specified devices are required, 
please. contact the National. Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
v 0 = Vee + o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (TsTG) 

-20mA 
+20mA 

-0.5VtoVcc + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

- 65°C to + 150°c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 2.0V to 6.0V 
'ACT 4.5V to 5.5V 

Input Voltage (Vi) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (T J) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, tf) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vcc® 3.0V 
Vcc ® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr, tf) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vcc® 4.5V 
Vee® 5.5V 

OVto Vee 

OVto Vee 

- 4o•c to + 85°C 
- 55°C to + 125•c 

115•c 
14o•c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +2s0 c 

TA= TA= 
Units Conditions 

(V) -ss•c to+ 12s•c - 4o·c to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = o.1v 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v orVcc - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Your= o.1v 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

·v1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 

4.5 3.86 3.7 3.76 v loH -24mA 

5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

·v1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 =Vee. GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= TA= TA= 
{V) +25°C -55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

loLD tMinimum Dynamic 5.5 50 75 

loHD 
Output Current 5.5 -50 -75 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 

Supply Current 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee. 
Ice for 54AC @ 2s·c is identical to 7 4AC @ 2s·c. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= TA= TA= 
{V) +25°C - 55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
Input Voltage 5.5 1.5 2.0 2.0 2.0 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
Input Voltage 5.5 1.5 0.8 0.8 0.8 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

4.5 3.86 3.70 3.76 
5.5 4.86 4.70 4.76 

Vol Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

4.5 0.36 0.50 0.44 
5.5 0.36 0.50 0.44 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 

Leakage Current 

leer Maximum 
5.5 0.6 1.6 1.5 

Ice/Input 

lo LO tMinimum Dynamic 5.5 50 75 

loHD 
Output Current 5.5 -50 -75 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 

Supply Current 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT @ 2s•c is identical to 7 4ACT @ 2s·c. 
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Units 

mA 

mA 

µA 

Units 

v 

v 

v 

v 

v 

v 

µA 

mA 

mA 

mA 

µA 

Conditions 

VoLD = 1.65V Max 

VoHD = 3.85V Min 

V1N =Vee 
orGND 

Conditions 

Your= o.1V 
or Vee - 0.1V 

Your= 0.1V 
or Vee - 0.1V 

lour= -50 µA 

·v1N = V1L or V1H 

loH 
-24mA 
-24mA 

lour= 50 pA 

•v1N = V1L or V1H 

loL 
24mA 
24mA 

V1 =Vee. GND 

V1 =Vee - 2.1V 

VoLD = 1.65V Max 

VoHD = 3.85V Min 

V1N =Vee 
orGND 

..... 
U1 
w 



AC Electrical Characteristics 
74AC 54AC 74AC 

Vee* •' TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter · 

(V) CL= 50pF 
to+ 125°C to +as0 c Units 

No. 
CL= 50pF CL= 50pF 

Min Typ Max Min Max Min Max 

tpLH Propagation Delay 3.3 2.5 9.5 15.0 1.0 19.5 2.5 17.5 
2-6 

Sn to Zn 5.0 2.0 6.5 11.0 1.0 14.0 2.0 12.5 
ns 

tpHL Propagation Delay 3.3 3.0 8.5 14.5 1.0 18.0 2.5 16.5 
2-6 

Sn to Zn 5.0 2.5 6.5 11.0 1.0 13.5 2.0 12.0 
ns 

tPLH Propagation Delay 3.3 2.5 8.0 13.5 1.0 16.5 2.0 16.0 
2-6 

EtoZn 5.0 1.5 5.5 9.5 1.0 12.5. 1.5 · 11.0 ns 

tpHL Propagation Delay 3.3 2.5 7.0 11.0 1.0 14.0 2.0 12.5 
2-6 

EtoZn 5.0 2.0 5.0 8.0 1.0 10.0 1.5 9.0 
ns 

tpLH Propagation Delay 3.3 2.5 7.5 12.5 1.0 16.0 2.0 14.5 
2-5 

In to Zn 5.0 1.5 5.5 9.0 1.0 11.5 1.5 10.5 
ns 

tPHL Propagation Delay 3.3 1.5 7.0 11.5 1.0 14.5 1.5 13.0 
2-5 

In to Zn 5.0 1.5 5.0 8.5 1.0 10.5 1.5 10.0 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 

AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee* TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter to +125°C to +as0 c Units 

(V) CL= 50pF 
CL= 50pF CL= 50pF 

No. 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 
5.0 3.0 7.0 11.5 1.0 15.0 2.0 13.5 ns 2-6 

Sn to Zn 

tpHL Propagation Delay 
5.0 3.0 7.0 11.5 1.0 14.5 2.5 13.5 ns 2-6 

Sn to Zn 

tpLH Propagation Delay 
5.0 2.0 6.5 10.5 1.0 13.5 2.0 12.5 ns 2-6 

En to Zn 

tPHL Propagation Delay 
5.0 3.0 6.0 9.5 1.0 11.5 2.5 11.0 ns 2-6 

En to Zn 

lPLH Propagation Delay 
5.0 2.5 5.5 9.5 1.0 12.5 2.0 11.0 ns 2-5 

In to Zn 

lPHL Propagation Delay 
5.0 2.0 5.5 9.5 1.0 12.0 2.0 11.0 ns 2-5 

In to Zn 
•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation 
65.0 pF Vee= 5.ov 

Capacitance 
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~National 
a Semiconductor 
54AC/74AC157 • 54ACT/74ACT157 
Quad 2-lnput Multiplexer 

General Description 
The 'AC/' ACT157 is a high-speed quad 2-input multiplexer. 
Four bits of data from two sources can be selected using 
the common Select and Enable inputs. The four outputs 
present the selected data in the true (noninverted) form. 
The 'AC/'ACT157 can also be used as a function generator. 

Ordering Code: See section 5 

Logic Symbols 

Features 
• Outputs source/sink 24 mA 
• 'ACT157 has TTL-compatible inputs 

Connection Diagrams 

Pin Assignment 
for DIP, Flatpak and SOIC 

s 1 16 Vee 

loa 2 15 E 
l1a 3 14 loc 

Za 4 13 11c 
TL/F/9929-1 

'ob 5 12 Zc 

IEEE/I EC l1b 6 11 lod 

zb 7 10 '1d 
GND 8 9 zd 

loa 

l1a 
Za 

Pin Assignment 
for LCC 

lob 
zb 

l1b 

l1b fob NC la 11d 
rn m rn:i [[) m 

1od 
zd 

l1d 

zb rn rnioa 

loc 
Zc 

l1c 

TL/F/9929-2 GND [QI III s 
NC [i] [j]NC 

zd li1I ~Vee 
l1d Ii]] fffil E 

Pin Names Description 

loa-lod Source 0 Data Inputs 

~lj]]ll]Jli1J[j]) 

be! le NC l1c be 
l1a-l1d Source 1 Data Inputs 
E Enable Input 
s Select Input 
Za-Zd Outputs 
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Functional Description 
The 'AC/'ACT157 is a quad 2-input multiplexer. It selects 
four bits of data from two sources under the control of a 
common Select input (S). The Enable input (E) is active
LOW. When E is HIGH, all of the outputs (Z) are forced 
LOW regardless of all other inputs. The 'AC/'ACT157 is the 
logic implementation of a 4-pole, 2-position switch where 
the position of the switch is determined by the logic levels 
supplied to the Select input. The logic equations for the out
puts are shown below: 

Za = E • Cl1a • S + loa • S) 
zb = E • (l1b • s + lob• S) 
Zc = E • (l1c • S + loc • S) 
zd = E • Cl1d • s + lod • S) 

A common use of the 'AC/ ACT157 is the moving of data 
from two groups of registers to four common output busses. 
The particular register from which the data comes is deter
mined by the state of the Select input. A less obvious use is 

Logic Diagram 

as a function generator. The 'AC/' ACT157 can generate 
any four of the sixteen different functions of two variables 
with one variable common. This is useful for implementing 
gating functions. 

Truth Table 
Inputs 

E s 
H x 
L H 
L H 
L L 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Outputs 

lo 11 z 
x x L 
x L L 
x H H 
L x L 
H x H 

TL/F/9929-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -a.5V to + 7.av 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + a.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -a.5V 
Vo = Vee + a.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T srn) 

-2amA 
+20mA 

-a.5V to Vee + a.5V 

-2amA 
+20mA 

-a.5V to to Vee+ a.5V 

±5amA 

±50mA 

- 65°C to + 15a•c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom· 
mend operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 3a% to 7a% of Vee 
Vee® 3.av 
Vee® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from a.av to 2.aV, Vmeas 
from a.av to 2.ov 
Vee® 4.5V 
Vee® 5.5V 

2.aVto 6.aV 
4.5Vto 5.5V 

OVtoVcc 

av to Vee 

-4a0 c to + a5°C 
- 55°C to + 125·c 

115·c 
14a·c 

15a ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
a ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Vee TA= TA= 
Symbol Parameter 

(V) 
TA= +2s0 c 

- ss·c to + 12s·c - 4o•c to + ss·c 
Units Conditions 

Typ Guaranteed Limits 

V1H Minimum High Level 3.a 1.5 2.1 2.1 2.1 Vour = a.1v 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v orVcc - a.1v 

5.5 2.75 3.a5 3.a5 3.a5 

V1L Maximum Low Level 3.a 1.5 a.9 a.9 a.9 Vour = a.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - a.1v 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.a 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.a 2.56 2.4 2.46 -12mA 
4.5 3.a6 3.7 3.76 v loH -24mA 

5.5 4.a6 4.7 4.76 -24mA 

Vol Maximum Low Level 3.a a.aa2 a.1 a.1 a.1 lour= 5a µA 
Output Voltage 4.5 a.aa1 0.1 a.1 a.1 v 

5.5 a.aa1 a.1 a.1 a.1 

*V1N = V1L or V1H 
3.a a.36 a.50 a.44 12mA 
4.5 a.36 a.5a a.44 v loL 24mA 
5.5 a.36 a.5a a.44 24mA 

l1N Maximum Input 
5.5 ±a.1 ±1.a ±1.a µA 

V1 =Vee. GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= TA= TA= 
Units Conditions 

(V) +25°C - ss·c to + 12s·c - 40°C to + ss•c 

Typ Guaranteed Limits 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

IQHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice@ 3.0V are guaranteed to be less than or equal to the respective limit@ 5.5V Vee-
Ice for 54AC@ 25'C is identical to 74AC@ 25'C. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= TA= TA= 
Units Conditions 

(V) +25°C -ss·c to+ 12s·c - 4o•c to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 v VouT = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 v VouT = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vee - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 v louT = -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 v loH 

-24mA 
5.5 4.86 4.70 4.76 -24mA 

VOL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 v louT = 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 v loL 

24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 =Vee. GND 
Leakage Current 

lceT Maximum 
5.5 0.6 1.6 1.5 mA 

v1 =Vee - 2.1V 
Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA V1N =Vee 

Supply Current orGND 

•An outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT@ 25'C is identical to 74ACT@ 25'C . 

.. 

4-76 



AC Electrical Characteristics 
74AC 54AC 74AC 

Vee• TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter (V) CL= 50pF 

to+ 125°C to +85°C Units 
No. 

CL= 50 pf CL= 50 pF 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 3.3 1.5 7.0 11.5 1.0 16.0 1.5 13.0 
2-6 

StoZn 5.0 1.5 5.5 9.0 1.0 12.0 1.5 10.0 
ns 

tpHL Propagation Delay 3.3 1.5 6.5 11.0 1.0 14.0 1.5 12.0 
2-6 

StoZn 5.0 1.5 5.0 8.5 1.0 11.5 1.0 9.5 
ns 

tpLH Propagation Delay 3.3 1.5 7.0 11.5 1.0 16.0 1.5 13.0 
2-6 

EtoZn 5.0 1.5 5.5 9.0 1.0 12.0 1.5 10.0 
ns 

tPHL Propagation Delay 3.3 1.5 6.5 11.0 1.0 14.0 1.5 12.0 
2-6 

EtoZn 5.0 1.5 5.5 9.0 1.0 11.5 1.0 9.5 
ns 

tpLH Propagation Delay 3.3 1.5 5.0 8.5 1.0 11.0 1.0 9.0 
2-5 

In to Zn 5.0 1.5 4.0 6.5 1.0 9.0 1.0 7.0 
ns 

tPHL Propagation Delay 3.3 1.5 5.0 8.0 1.0 11.0 1.0 9.0 
2-5 

In to Zn 5.0 1.5 4.0 6.5 1.0 9.0 1.0 7.0 
ns 

•voltage Range 3.3 is 3.3V ± 0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee• TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter (V) CL= 50pF 

to+ 125°C to +85°C Units 
No. 

CL= 50pF CL= 50 pF 

Min Typ Max Min Max Min Max 

tpLH Propagation Delay 
5.0 2.0 5.5 9.0 1.0 11.5 1.5 10.0 ns 2-6 

StoZn 

tpHL Propagation Delay 
5.0 2.0 5.5 9.5 1.0 11.5 2.0 10.5 ns 2-6 

StoZn 

tPLH Propagation Delay 
5.0 1.5 6.0 10.0 1.0 12.0 1.5 11.5 ns 2-6 

EtoZn 

tpHL Propagation Delay 
5.0 1.5 5.0 8.5 1.0 10.0 1.0 9.0 ns 2-6 

EtoZn 

tpLH Propagation Delay 
5.0 1.5 4.0 7.0 1.0 8.5 1.0 8.5 ns 2-5 

In to Zn . 
tPHL Propagation Delay 

5.0 1.5 4.5 7.5 1.0 9.0 1.0 8.5 ns 2-5 
In to Zn 

•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 

Cpo Power Dissipation 
50.0 pF Vee= 5.ov 

Capacitance 
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~National 
~Semiconductor 

54AC/74AC158 • 54ACT/74ACT158 
Quad 2-lnput Multiplexer 

General Description Features 
The 'AC/'ACT158 is a high-speed quad 2-input multiplexer. 
It selects four bits of data from two sources using the com
mon Select and Enable inputs. The four buffered outputs 
present the selected data in the inverted form. The 'AC/ 
'ACT158 can also be used as a function generator. 

• Outputs source/sink 24 mA 

Ordering Code: see sections 

Logic Symbols 

TL/F/9930-1 

IEE/IEC 

loa 1Y Za 
1111 

'ob 2Y Zb 
l1b 

'od 3Y Zd 
'1d 
loc 

4Y Zc 
l1c 

TL/F/9930-2 

Pin Names Description 

loa-lod Source O Data Inputs 
l1a-l1d Source 1 Data Inputs 
E Enable Input 
s Select Input 
Za-Zd Inverted Outputs 

• 'ACT158 has TTL-compatible inputs 

Connection Diagrams 
Pin Assignment 

for DIP, Flatpak and SOIC 
Pin Assignment 

for LCC 

s 1 16 

'ea 2 15 

l1a 3 14 

Za 13 

'ob 12 

l1b 11 

zb 10 
GND 8 9 
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Vee 

1oc 
l1c 
zc 
1od 
l1d 
zd 

TL/F/9930-3 

l1b lob NC la l1a 
rn m m rn m 

G~~:o~~a 
NC [j] [i]NC 

Zd Ii] WI Vee 

'1d Ii] 1!21 f 

~ rm [§] li1I Ii]] 
lod Zc NC l1c loc 

TL/F/9930-4 



Functional Description 
The 'AC/'ACT15B quad 2-input multiplexer selects four bits 
of data from two sources under the control of a common 
Select input (S) and presents the data in inverted form at 
the four outputs. The Enable input (E) is active-LOW. When 
Eis HIGH, all of the outputs (Z) are forced HIGH regardless 
of all other inputs. The 'AC/'ACT15B is the logic implemen
tation of a 4-pole, 2-position switch where the position of the 
switch is determined by the logic levels supplied to the Se
lect input. 

A common use of the 'AC/' ACT158 is the moving of data 
from two groups of registers to four common output busses. 
The particular register from which the data comes is deter
mined by the state of the Select input. A less obvious use is 
as a function generator. The 'AC/'ACT15B can generate 
four functions of two variables with one variable common. 
This is useful for implementing gating functions. 

Logic Diagram 

Truth Table 
Inputs 

E s 
H x 
L L 
L L 
L H 
L H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Outputs 

lo 11 z 
x x H 
L x H 
H x L 
x L H 
x H L 

TL/F/9930-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Lt) ..... Absolute Maximum Rating (Note1> 

If Mllltary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (11K) 
V1 = -0.5V 
V1 =Vee+ 0.5V 

DC Input Voltage (Vi) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC V cc or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (Tsrn) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + o.sv 

±50mA 

±50mA 

-65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACT™ circuits outside databook specifications. 

Recommended·Operating 
Conditions 
Supply Voltage (Vee) 

'AC 2.0V to 6.0V 
'ACT 4.5V to 5.5V 

Input Voltage (Vi) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. tf) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vcc@3.0V 
Vcc ® 4.5V 
Vee@ 5.5V 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee® 4.5V 
Vee@ 5.5V 

OVtoVcc 

OVtoVcc 

-40°Cto +85°C 
- 55°C to + 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) -55°C to+ 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 VouT = o.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = o.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - o.1v 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) - 55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

Imo tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

lo HO 
Output Current 5.5 -50 -75 mA VoHO = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee· 
Ice for 54AC@ 25°C is identical to 74AC@ 25°C. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) -55°C to+ 125°C - 40°C to + ss0 c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

Vour = o.1v 
Input Voltage 5.5 1.5 2.0 2.0 2.0 orVcc - o.1v 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

Vour = o.1v 
Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vee - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

lour= -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH 
-24mA 

5.5 4.86 4.70 4.76 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

lour= 50 µA 
Output \/olt2ae 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 

leer Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1V 
Ice/Input 

Imo tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHO 
Output Current 5.5 -50 -75 mA VoHO = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

0 All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT@ 25°C is identical to 74ACT@ 25°C. 
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I.I) ,... AC Electrical Characteristics 

Vee* Symbol Parameter 
(V) 

Min 

tPLH Propagation Delay 3.3 1.5 
StoZn 5.0 1.5 

tPHL Propagation Delay 3.3 1.5 
StoZn 5.0 1.5 

tPLH Propagation Delay 3.3 1.5 
EtoZn 5.0 1.5 

tPHL Propagation Delay 3.3 1.5 
EtoZn 5.0 1.5 

tPLH Propagation Delay 3.3 1.5 
In to Zn 5.0 1.5 

tPHL Propagation Delay 3.3 1.5 
In to Zn 5.0 1.5 

•voltage Range 3.3 is 3.3V ± 0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

AC Electrical Characteristics 

Vee* Symbol Parameter 
(V) 

Min 

tPLH Propagation Delay 
5.0 2.5 

StoZn 

tPHL Propagation Delay 
5.0 1.5 

StoZn 

tPLH Propagation Delay 
5.0 1.5 

EtoZn 

tPHL Propagation Delay 
5.0 1.5 

Eto Zn 

tPLH Propagation Delay 
5.0 1.5 

In to Zn 

tPHL Propagation Delay 
5.0 1.5 

In to Zn 
•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 

C1N Input Capacitance 

Cpo Power Dissipation 
Capacitance 

74AC 

TA= +25°C 
CL= 50 pF 

Typ Max 

7.0 11.5 
5.5 9.0 

7.0 11.5 
5.5 9.0 

7.5 12.0 
6.0 9.5 

7.0 11.0 
5.5 8.5 

5.5 9.0 
4.0 7.0 

5.0 8.0 
4.0 6.5 

74ACT 

TA= +25°C 
CL= 50pF 

Typ Max 

6.0 9.5 

5.5 9.0 

5.5 9.5 

5.5 9.5 

4.5 8.0 

4.0 6.5 

AC/ACT 

Typ 

4.5 

45.0 
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54AC 74AC 

TA= -55°C TA= -40°C 
Fig. 

to+ 125°C to +85°C Units 
CL= 50 pF CL= 50pF 

No. 

Min Max Min Max 

1.0 14.0 1.5 12.5 
2-6 

1.0 11.0 1.0 9.5 
ns 

1.0 14.0 1.5 12.5 
2-6 

1.0 11.0 1.5 10.0 
ns 

1.0 15.0 1.5 13.0 
2-6 

1.0 12.0 1.5 10.5 
ns 

1.0 14.0 1.5 12.0 
2-6 

1.0 10.0 1.0 9.5 
ns 

1.0 11.0 1.5 10.0 
2-5 

1.0 8.5 1.0 7.5 
ns 

1.0 10.0 1.0 8.5 
2-5 

1.0 7.5 1.0 6.5 
ns 

54ACT 74ACT 

TA= -55°C TA= -40°C 
Fig. 

to+ 125°C to +85°C Units 
CL= 50 pF CL= 50pF 

No. 

Min Max Min Max 

1.0 12.0 2.0 11.0 ns 2-6 

1.0 11.5 1.5 10.0 ns 2-6 

1.0 11.0 1.5 10.5 ns 2-6 

1.0 11.0 1.5 10.5 ns 2-6 

1.0 9.5 1.0 8.5 ns 2-6 

1.0 8.0 1.0 7.5 ns 2-6 

Units Conditions 

pF Vee= 5.ov 

pF Vee= 5.ov 
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54AC/74AC161 • 54ACT/74ACT161 
Synchronous Presettable Binary Counter 

General Description 
The 'AC/' ACT161 are high-speed synchronous modulo-16 
binary counters. They are synchronously presettable for ap
plication in programmable dividers and have two types of 
Count Enable inputs plus a Terminal Count output for versa
tility in forming synchronous multistage counters. The 'AC/ 
'ACT161 has an asynchronous Master Reset input that 
overrides all other inputs and forces the outputs LOW. 

Features 
• Synchronous counting and loading 
• High-speed synchronous expansion 
• Typical count rate of 125 MHz 

• Outputs source/sink 24 mA 
• 'ACT161 has TTL-compatible inputs 

Ordering Code: see section 5 

Logic Symbols Connection Diagrams 

IEEE/IEC Pin Assignment 

CTRDIV16 for DIP, Flatpak and SOIC 

MR 16 Vee 

PE Po P1 P2 P3 MR 
CEP 

PE 
CET TC CP 2 15 TC 

Po 3 14 Oo 

P1 4 13 o, 
CP 

MR Oo 01 02 03 CET 

CEP 

3CT=15 TC 

CP P2 5 12 02 
TL/F /9931-1 P3 6 11 03 

Po CEP 7 10 CET 

GND PE 

TLfF/9931-3 

TL/F/9931-2 

Pin Assignment 
for LCC 

P3 P2 NC P1 Po 
[[) m ffil ill m 

CEP [2] l]]CP 
Pin Names Description GND [QI [l]MR 
CEP Count Enable Parallel Input NC [j] [j] NC 

CET Count Enable Trickle Input PE~ @!Vee 
CP Clock Pulse Input CET~ [g] TC 

MR Asynchronous Master Reset Input 
Po-P3 Parallel Data Inputs IGI [J] IJ] !ill [J]] 

03 02 NC a, Oo 

TL/F/9931-4 

PE Parallel Enable Inputs 

Oo-03 Flip-Flop Outputs 
TC Terminal Count Output 
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Functional Description 
The 'AC/'ACT161 count in modulo-16 binary sequence. 
From state 15 (HHHH) they increment to state 0 (LLLL). The 
clock inputs of all flip-flops are driven in parallel through a 
clock buffer. Thus all changes of the Q outputs (except due 
to Master Reset of the '161) occur as a result of, and syn
chronous with, the LOW-to-HIGH transition of the CP input 
signal. The circuits have four fundamental modes of opera
tion, in order of precedence: asynchronous reset, parallel 
load, count-up and hold. Five control inputs-Master Reset, 
Parallel Enable (PE), Count Enable Parallel (CEP) and 
Count Enable Trickle (CET)-determine the mode of opera
tion, as shown in the Mode Select Table. A LOW signal on 
MR overrides all other inputs and asynchronously forces all 
outputs LOW. A LOW signal on PE overrides counting and 
allows information on the Parallel Data (Pn) inputs to be 
loaded into the flip-flops on the next rising edge of CP. With 
PE and MR HIGH, CEP and CET permit counting when both 
are HIGH. Conversely, a LOW signal on either CEP or CET 
inhibits counting. 

The 'AC/'ACT161 use D-type edge-triggered flip-flops and 
changing the PE, CEP and CET inputs when the CP is in 
either state does not cause errors, provided that the recom
mended setup and hold times, with respect to the rising 
edge of CP, are observed. 

The Terminal Count (TC) output is HIGH when CET is HIGH 
and counter is in state 15. To implement synchronous multi
stage counters, the TC outputs can be used with the CEP 
and CET inputs in two different ways. 

Figure 1 shows the connections for simple ripple carry, in 
which the clock period must be longer than the CP to TC 
delay of the first stage, plus the cumulative CET to TC de
lays of the intermediate stages, plus the CET to CP setup 
time of the last stage. This total delay plus setup time sets 
the upper limit on clock frequency. For faster clock rates, 
the carry lookahead connections shown in Figure 2 are rec
ommended. In this scheme the ripple delay through the in
termediate stages commences with the same clock that 
causes the first stage to tick over from max to min in the Up 
mode, or min to max in the Down mode, to start its final 
cycle. Since this final cycle requires 16 clocks to complete, 
there is plenty of time for the ripple to progress through the 
intermediate stages. The critical timing that limits the clock 
period is the CP to TC delay of the first stage plus the CEP 
to CP setup time of the last stage. The TC output is subject 
to decoding spikes due to internal race conditions and is 
therefore not recommended for use as a clock or asynchro
nous reset for flip-flops, registers or counters. 

For such applications, the Clocked Carry (CC) output is pro
vided. The CC output is normally HIGH. When CEP, CET, 
and TC are LOW, the CC output will go LOW when the clock 
next goes LOW and will stay LOW until the clock goes HIGH 
again, as shown in the CC Truth Table. When the Output 
Enable (OE) is LOW, the parallel data outputs Oo-03 are 
active and follow the flip-flop Q outputs. A HIGH signal on 
OE forces 0 0-03 to the High Z state but does not prevent 
counting, loading or resetting. 

Logic Equations: Count Enable = CEP • CET • PE 
TC = Oo • 01 • 02 • 03 • CET 

Mode Select Table 

PE CET 

x x 
L x 
H H 
H L 
H x 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

State Diagram 

CEP 
Action on the Rising 

Clock Edge (.../) 

x Reset (Clear) 
x Load (Pn ....+On) 
H Count (Increment) 
x No Change (Hold) 
L No Change (Hold) 

TL/F/9931-5 

TL/F/9931-8 

FIGURE 1. Multistage Counter with Ripple Carry 

CEP CEP CEP 

CET TC IO--+a CET TC IO--+a CET TC D---+<:ll CET 

TL/F/9931-9 

FIGURE 2. Multistage Counter with Lookahead Carry 
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Block Diagram 

Po P1 P2 P3 

PE ' g-) ' I 

CEP-------1 

CET-----.------------t-----t--t----------t---t--t~---------t~-+--+-----------+---------+--+----. 

TC 

.i:. 
O:> 
01 

CP~ 

DETAIL A DETAIL A DETAIL A 

MR----------...... ----------t-----------------...... ·-----t-------------------+-----------" 
Qo QI Q2 Q3 

TL/F/9931-6 

Please note that this diagram is provided only for th£' understanding of logic operations and should not be used to estimate propagation delays. 
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CD ..... Absolute Maximum Rating (Note 1> 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 =Vee+ 0.5V 

DC Input Voltage (Vi) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGNo) 

Storage Temperature (T srn) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

- 65°C to + 15o•c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature {TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, tt) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vee® 3.0V 
Vcc@4.5V 
Vcc@5.5V 

Input Rise and Fall Time Ctr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from O.SV to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vcc@4.5V 
Vee@ 5.5V 

2.0Vto6.0V 
4.5Vto5.5V 

OVtoVcc 

OVtoVcc 

-40°cto +s5°C 
- 55°C to + 125•c 

115•c 
14o·c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8ns/V 

Note 2: See Individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC. 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) - ss·c to + 12s0 c - 4o·c to + as·c 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = o.w 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - o.1v 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = o.w 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVcc - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

·v,N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

·v,N = V1L or V1H 
3.0 0.36 0.5 0.44 12mA 
4.5 0.36 0.5 0.44 v loL 24mA 
5.5 0.36 0.5 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

v, = Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +2s0 c 

TA= TA= 
(V) -ss·c to+ 12s·c - 4o·c to + ss·c 

Typ Guaranteed Limits 

loLD tMinimum Dynamic 5.5 50 75 

loHD 
Output Current 5.5 -50 -75 

Ice Maximum Quiescent 
5.5 4.0 80.0 40.0 

Supply Current 

•All outputs loaded; thresholds on Input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee-

Ice for 54AC@ 25'C is identical to 74AC@ 25'C. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee 
TA= +2s0 c 

TA= TA= 
(V) -ss·c to + 12s0 c - 4o·c to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
Input Voltage 5.5 1.5 2.0 2.0 2.0 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
Input Voltage 5.5 1.5 0.8 0.8 0.8 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

4.5 3.86 3.70 3.76 
5.5 4.86 4.70 4.76 

Vol Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

4.5 0.36 0.50 0.44 
5.5 0.36 0.50 0.44 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 

Leakage Current 

leer Maximum 
5.5 0.6 1.6 1.5 

Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 

loHD 
Output Current 5.5 -50 -75 

Ice Maximum Quiescent 
5.5 4.0 80.0 40.0 

Supply Current 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT@ 25'C Is identical to 74ACT@ 25°C. 
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Units 

mA 

mA 

µA 

Units 

v 

v 

v 

v 

v 

v 

µA 

mA 

mA 

mA 

µA 

Conditions 

VOLD = 1.65V Max 

VoHD = 3.85V Min 

V1N =Vee 
orGND 

Conditions 

Vour = o.1v 
orVcc - 0.1V 

Vour = o.1v 
or Vee - 0.1V 

lour= -50 µA 

·v1N = V1L or V1H 

loH 
-24mA 
-24mA 

lour= 50 µA 

•v1N = V1L or V1H 

loL 
24mA 
24mA 

v, =Vee. GND 

V1 =Vee - 2.1v 

VoLD = 1.65V Max 

VoHD = 3.85V Min 

V1N =Vee 
orGND 

..... 
en ..... 
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CD ,... 

AC Electrical Characteristics 

Symbol Parameter 

fmax Maximum Count 
Frequency 

tPLH Propagation Delay CP to On 
(PE Input HIGH or LOW) 

tPHL Propagation Delay CP to On 
(PE Input HIGH or LOW) 

tPLH Propagation Delay 
CPtoTC 

tPHL Propagation Delay 
CPtoTC 

tPLH Propagation Delay 
CETtoTC 

tPHL Propagation Delay 
CETtoTC 

tPLH Propagation Delay 
MR to On 

tPHL Propagation Delay 
MR to TC 

•voltage Range 3.3 is 3.3V ± 0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 

Vee* 
(V) 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

74AC 

TA= +25°C 
CL= 50pf 

Min Typ Max 

70 111 
110 167 

2.0 7.0 12 
1.5 5.0 9.0 

1.5 7.0 12 
1.5 5.0 9.5 

3.0 9 15 
2.0 6 10.5 

3.5 8.5 14 
2.0 6.5 11 

2.0 5.5 9.5 
1.5 3.5 6.5 

2.5 6.5 11 
2.0 5 8.5 

2.0 6.5 12 
1.5 5.5 9.5 

3.5 10 15 
2.5 8.5 13 
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54AC 74AC 

TA= -55°C TA= -40°C 
Fig. 

to+ 125°C to +85°C Units 
CL= 50pf CL= 50pf 

No. 

Min Max Min Max 

55 60 
MHz 2-3 

80 95 

1.0 15.0 1.5 13.5 
2-6 

1.0 11.0 1.0 9.5 
ns 

1.0 15.0 1.5 13 2-6 
1.0 11.0 1.5 10 

ns 

1.0 18.5 2.5 16.5 
2-6 

1.0 13.0 1.5 11.5 
ns 

1.0 17.5 2.5 15.5 
2-6 

1.0 13.0 2.0 11.5 
ns 

1.0 13.0 1.5 11 
2-6 

1.0 8.5 1.0 7.5 
ns 

1.0 14.5 2.0 12.5 
2-6 

1.0 11.0 1.5 9.5 
ns 

1.0 14.5 1.5 13.5 
2-6 

1.0 10.5 1.5 10 
ns 

1.0 18.5 3.0 17.5 
2-6 

1.0 14.0 2.5 13.5 
ns 



AC Operating Requirements 

Symbol Parameter 

ts Setup Time, HIGH or LOW 
Pn toCP 

th Hold Time, HIGH or LOW 
Pn to CP 

ts Setup Time, HIGH or LOW 
PEtoCP 

th Hold Time, HIGH or LOW 
PEtoCP 

ts Setup Time, HIGH or LOW 
CEP or CET to CP 

th Hold Time, HIGH or LOW 
CEP or CET to CP 

tw Clock Pulse Width 
(Load) HIGH or LOW 

tw Clock Pulse Width 
(Count) HIGH or LOW 

tw MR Pulse Width, 
LOW 

tree Recovery Time 
MRtoCP 

*Voltage Range 3.3 is 3.3V ± 0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 

Vee• 
(V) 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

AC Electrical Characteristics 

"-~· Symbol Parameter """' (V) 

Min 

fmax Maximum Count 
5.0 115 

Frequency 

tpLH Propagation Delay CP to On 
5.0 1.5 

(PE Input HIGH or LOW) 

tPHL Propagation Delay CP to On 
5.0 1.5 

(PE Input HIGH or LOW) 

tPLH Propagation Delay 
5.0 2.0 

CPtoTC 

tPHL Propagation Delay 
5.0 1.5 

CPtoTC 

tPLH Propagation Delay 
5.0 1.5 

CETtoTC 

tPHL Propagation Delay 
5.0 1.5 

CETtoTC 

tPHL Propagation Delay 
5.0 1.5 

MR to On 

tPHL Propagation Delay 
5.0 2.5 

MR to TC 

*Voltage Range 5.0 is 5.0V ± 0.5V 

74AC 

TA= +25°C 
CL= 50pF 

Typ 

6.0 13.5 
3.5 8.5 

-7.0 -1 
-4.0 0 

6.5 11.5 
4.0 7.5 

-6.0 0 
-3.5 0.5 

3.0 6.0 
2.0 4.5 

-3.5 0 
-2 0 

2.0 3.5 
2.0 2.5 

2.0 4.0 
2.0 3.0 

3.0 5.5 
2.5 4.5 

-2 -0.5 
-1 0 

74ACT 

T. = -1-?l:;O(' .""' . -- :.., 

CL= 50pF 

Typ Max 

125 

8.0 10.0 

8.0 10.0 

11.0 13.5 

11.0 13.0 

7.5 9.0 

8.0 10.0 

8.0 9.5 

10.0 11.5 
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54AC 74AC 

TA= -55°C TA= -40°C 
Fig. 

to + 125°C to +85°C Units 
CL= 50 pf CL= 50 pF 

No. 

Guaranteed Minimum 

16.0 16 
2-9 

10.5 10.5 
ns 

0.5 -0.5 
2-9 

1.5 0 
ns 

15.0 14 
2-9 

10.5 8.5 
ns 

-1.0 0 
2-9 

0.0 1 
ns 

7.5 7 
2-9 

5.5 5 
ns 

2.0 0 
2-9 

2.0 0.5 
ns 

5.0 4 
2-6 

5.0 3 
ns 

5.0 4.5 
2-6 

5.0 3.5 
ns 

5.0 7.5 
2-6 

5.0 6.0 
ns 

1.5 0 
2-9 

2.0 0.5 
ns 

54ACT 74ACT 

TA= -55°C TA= -40°C 
Fig. 

to+ 12s0 c to +8ti"C Units 
CL= 50pF CL= 50pF 

No. 

Min Max Min Max 

100 MHz 2-3 

1.5 13.5 ns 2-6 

1.5 12.5 ns 2-6 

1.5 16.5 ns 2-6 

1.5 15.5 ns 2-6 

1.5 11.5 ns 2-6 

1.5 13.0 ns 2-6 

1.5 12.0 ns 2-6 

2.0 14.5 ns 2-6 

...... 
en ...... 
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AC Operating Requirements 
74ACT 54ACT 74ACT 

Vee* TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter to+ 125°C to +85°C Units 

(V) CL= 50pF 
CL= 50pF CL= 50pf 

No. 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 
5.0 7.0 8.5 11.5 ns 2·9 

Pn to CP 

th Hold Time, HIGH or LOW 
5.0 -3.0 -1 0.5 ns 2-9 

Pn toCP 

ts Setup Time, HIGH or LOW 
5.0 6.0 7.5 10.5 ns 2-9 

PE to CP 

th Hold Time, HIGH or LOW 
5.0 -3.5 0 0.5 ns 2-9 

PEtoCP 

ts Setup Time, HIGH or LOW 
5.0 4.0 5.5 9.5 ns 2-9 

CEP or CET to CP 

th Hold Time, HIGH or LOW 
5.0 -2.0 0 0.5 ns 2-9 

CEP or CET to CP 

tw Clock Pulse Width 
5.0 2.0 4.5 6.5 2-6 

(Load) HIGH or LOW 
ns 

tw Clock Pulse Width 
5.0 2.0 4.5 6.5 2-6 

(Count) HIGH or LOW 
ns 

tw MR Pulse Width, LOW 5.0 3.0 4.5 6.5 ns 2-6 

tree Recovery Time 
5.0 0 0 0.5 ns 2-9 

MRtoCP 

•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 

Cpo Power Dissipation 
45.0 pF 

Vee= 5.ov 
Capacitance 
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~National 
a Semiconductor 

54AC/74AC163 • 54ACT/74ACT163 
Synchronous Presettable Binary Counter 

General Description 
The 'AC/'ACT163 are high-speed synchronous modulo-16 
binary counters. They are synchronously presettable for ap
plication in programmable dividers and have two types of 
Count Enable inputs plus a Terminal Count output for versa
tility in forming synchronous multistage counters. The 'AC/ 
'ACT163 has a Synchronous Reset input that overrides 
counting and parallel loading and allows the outputs to be 
simultaneously reset on the rising edge of the clock. 

Features 
• Synchronous counting and loading 
• High-speed synchronous expansion 
• Typical count rate of 125 MHz 
• Outputs source/sink 24 mA 
• 'ACT163 has TTL-compatible inputs 

Ordering Code: see section 5 

Logic Symbols Connection Diagrams 

IEEE/I EC Pin Assignment 
for DIP, Flatpak and SOIC 

P1 P2 P3 
CTRDIV16 

SR 
PE SR 1 16 Vee 

TC CP 2 15 TC 
TC Po 3 14 Oo CET 

P1 4 13 01 

P2 5 12 02 
Oo 01 02 03 CEP 

CP 
P3 11 03 

Oo CEP 7 10 CET 
TL/F/9932-1 

Po 

GND 8 9 PE 
I I 

TL/F/9932-3 

TL/F/9932-2 

Pin Assignment 
for LCC Pin Names Description 

CEP Count Enable Parallel Input P3 P2 NC P1 Po 
CET Count Enable Trickle Input [[I m rn rn rn 
CP Clock Pulse Input 
SR Synchronous Reset Input CEP [2] Ll]CP 

Po-P3 Parallel Data Inputs GND [QI mSR 
PE Parallel Enable Input NC [j] [I]NC 

Oo-03 Flip-Flop Outputs PE lrn Im Vee 
TC Terminal Count Output CET [j]] [i]]TC 

ll3"J~li]][Z)[j]] 

03 02 NC 01 Oo 

TL/F/9932-4 
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Cf) 
CD ,.... Functional Description 

The 'AC/'ACT163 counts in modulo-16 binary sequence. 
From state 15 (HHHH) it increments to state o (LLLL). The 
clock inputs of all flip-flops are driven in parallel through a 
clock buffer. Thus all changes of the 0 outputs occur as a 
result of, and synchronous with, the LOW-to-HIGH transition 
of the CP input signal. The circuits have four fundamental 
modes of operation, in order of precedence: synchronous 
reset, parallel load, count-up and hold. Four control inputs
Synchronous Reset (SR), Parallel Enable (PE), Count En
able Parallel (CEP) and Count Enable Trickle (CET)-deter
mine the mode of operation, as shown in the Mode Select 
Table. A LOW signal on SR overrides counting and parallel 
loading and allows all outputs to go LOW on the next. rising 
edge of CP. A LOW signal on PE overrides counting and 
allows information on the Parallel Data (Pn) inputs to be 
loaded into the flip-flops on the next rising edge of CP. With 
PE and SR HIGH, CEP and CET permit counting when both 
are HIGH. Conversely, a LOW signal on either CEP or CET 
inhibits counting. 

The 'AC/'ACT163 uses D-type edge-triggered flip-flops and 
changing the SR, PE, CEP and CET inputs when the CP is in 
either state does not cause errors, provided that the recom
mended setup and hold times, with respect to the rising 
edge of CP, are observed. 

The Terminal Count (TC) output is HIGH when CET is HIGH 
and counter is in state 15. To implement synchronous multi
stage counters, the TC outputs can be used with the CEP 
and CET inputs in two different ways. 

Figure 1 shows the connections for simple ripple carry, in 
which the clock period must be longer than the CP to TC 
delay of the first stage, plus the cumulative CET to TC de
lays of the intermediate stages, plus the CET to CP setup 
time of the last stage. This total delay plus setup time sets 
the upper limit on clock frequency. For faster clock rates, 
the carry lookahead connections shown in Figure 2 are rec
ommended. In this scheme the ripple delay through the in
termediate stages commences with the same clock that 
causes the first stage to tick over from max to min in the Up 
mode, or min to max in the Down mode, to start its final 
cycle. Since this final cycle takes 16 clocks to complete, 
there is plenty of time for the ripple to progress through the 
intermediate stages. The critical timing that limits the clock 
period is the CP to TC delay of the first stage plus the CEP 
to CP setup time of the last stage. The TC output is subject 

to decoding spikes due to internal race conditions and is 
therefore not recommended for use as a clock or asynchro
nous reset for flip-flops, registers or counters. For such ap
plications, the Clocked Carry (CC) output is provided. The 
CC output is normally HIGH. When CEP, CET, and TC are 
LOW, the CC output will go LOW when the clock next goes 
LOW and will stay LOW until the clock goes HIGH again, as 
shown in the CC Truth Table. When the Output Enable (OE) 
is LOW, the parallel data outputs Oo-03 are active and 
follow the flip-flop 0 outputs. A HIGH signal on OE forces 
Oo-03 to the High Z state but does not prevent counting, 
loading or resetting. 

Logic Equations: Count Enable = CEP • CET • PE 
TC = Oo • 01 • 02 • 03 • CET 

Mode Select Table 

SR PE CET 

L x x 
H L x 
H H H 
H H L 
H H x 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X =Immaterial 

State Diagram 

CEP 
Action on the Rising 
Clock Edge (_/) 

x Reset (Clear) 
x Load (Pn ·~ On) 
H Count (Increment) 
x No Change (Hold) 
L No Change (Hold) 

TL/F/9932-5 

TL/F/9932-8 

FIGURE 1 

TL/F/9932-9 

FIGURE 2 
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('I) 
co .... Absolute Maximum Rating (Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 =Vee+ 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current Clo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T sTG) 

-20mA 
+20mA 

- 0.5V to V cc + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

- 65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over Its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time Ctr. tt) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
Y1N from 30% to 70% of Vee 
Vee@ 3.ov 
Vee@4.5V 
Vee@ 5.5V 

Input Rise and Fall Time Ctr. tt) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee@4.5V 
Vee@ 5.5V 

2.0Vto6.0V 
4.5Vto 5.5V 

OVtoVcc 

OVtoVcc 

-40°C to + 85°C 
- 55°C to + 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8ns/V 

Note 2: See Individual datasheets for those devices which differ from the 
typical Input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 

Symbol Parameter 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

VoH Minimum High Level 
Output Voltage 

VoL Maximum Low Level 
Output Voltage 

Maximum Input 
Leakage Current 

Vee 
(V) 

3.0 
4.5 
5.5 

3.0 
4.5 
5.5 

3.0 
4.5 
5.5 

3.0 
4.5 
5.5 

3.0 
4.5 
5.5 

3.0 
4.5 
5.5 

5.5 

74AC 

TA= +25°C 

Typ 

1.5 2.1 
2.25 3.15 
2.75. 3.85 

1.5 0.9 
2.25 1.35 
2.75. 1.65 

2.99 2.9 
4.49 4.4 
5.49 5.4 

2.56 
3.86 
4.86 

0.002 0.1 
0.001 0.1 
0.001 0.1 

0.36 
0.36 
0.36 

±0.1 

54AC 74AC 

TA= 
-55°C to + 125°C 

TA= Units 
- 40°C to + 85°C 

Guaranteed Limits 

2.1 2.1 
3.15 3.15 v 
3.85 3.85 

0.9 0.9 
1.35 1.35 v 
1.65 1.65 

2.9 2.9 
4.4 4.4 v 
5.4 5.4 

2.4 2.46 
3.7 3.76 v 
4.7 4.76 

0.1 0.1 
0.1 0.1 v 
0.1 0.1 

0.50 0.44 
0.50 0.44 v 
0.50 0.44 

±1.0 ±1.0 µA 
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Conditions 

VouT = 0.1V 
or Vee - 0.1V 

Your= o.1v 
orVee - o.1v 

lour= -50 µA 

*V1N = V1L or V1H 
-12mA 

loH -24mA 
-24mA 

lour= 50 µA 

*V1N = V1L or V1H 
12mA 

loL 24mA 
24mA 

V1 = Vee.GND 



DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +2s0 c 

TA= TA= 
Units Conditions (V) -ss·c to + 12s·c - 4o•c to + as·c 

Typ Guaranteed Limits 

Imo tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

lo HD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on Input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee. 
Ice for 54AC@ 2s·c is identical to 74AC@ 25°C. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions (V) - ss·c to + 12s·c - 4o·c to + as·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

Vour = o.1v 
Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

Vour = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 orVcc - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

lour= -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

·v1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH 
-24mA 

5.5 4.86 4.70 4.76 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

lour= 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

·v1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vce.GND 
Leakage Current 

leer Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1V 
lee/Input 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA V1N =Vee 

Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT@ 2s•c is identical to 74ACT@ 25°C. 
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Cf) 
co ,... AC Electrical Characteristics 

Vee* Symbol Parameter 
(V) 

fmax Maximum Clock 3.3 
Frequency 5.0 

tPLH Propagation Delay, CP to On 3.3 
(PE Input HIGH or LOW) 5.0 

tPHL Propagation Delay, CP to On 3.3 
(PE Input HIGH or LOW) 5.0 

tPLH Propagation Delay 3.3 
CPtoTC 5.0 

tPHL Propagation Delay 3.3 
CPtoTC 5.0 

tPLH Propagation Delay 3.3 
CETtoTC 5.0 

tPHL Propagation Delay 3.3 
CETtoTC 5.0 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements 

Vee* Symbol Parameter 
(V) 

ts Setup Time, HIGH or LOW 3.3 
Pn toCP 5.0 

th Hold Time, HIGH or LOW 3.3 
Pn toCP 5.0 

ts Setup Time, HIGH or LOW 3.3 
SR to CP 5.0 

th Hold Time, HIGH or LOW 3.3 
SR to CP 5.0 

ts Setup Time, HIGH or LOW 3.3 
PEtoCP 5.0 

th Hold Time, HIGH or LOW 3.3 
PE to CP 5.0 

ts Setup Time, HIGH or LOW 3.3 
CEP or CET to CP 5.0 

th Hold Time, HIGH or LOW 3.3 
CEP or CET to CP 5.0 

tw Clock Pulse Width (Load) 3.3 
HIGH or LOW 5.0 

tw Clock Pulse Width (Count) 3.3 
HIGH or LOW 5.0 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 

74AC 

TA= +25°C 
CL= SOpF 

Min Typ Max 

70 95 
110 140 

2.0 7.5 12.5 
1.5 5.5 9.0 

1.5 8.5 12.0 
1.5 6.0 9.5 

3.0 9.5 15.0 
2.0 7.0 10.5 

3.5 11.0 14.0 
2.0 8.0 11.0 

2.0 7.5 9.5 
1.5 5.5 6.5 

2.5 8.5 11.0 
2.0 6.0 8.5 

74AC 

TA= +25°C 
CL= SOpF 

Typ 

5.5 13.5 
4.0 8.5 

-7.0 -1.0 
-5.0 0 

5.5 14.0 
4.0 9.5 

-7.5 -1.0 
-5.5 -0.5 

5.5 11.5 
4.0 7.5 

-7.5 -1.0 
-5.0 -0.5 

3.5 6.0 
2.5 4.5 

-4.5 0 
-3.0 0 

3.0 3.5 
2.0 2.5 

3.0 4.0 
2.0 3.0 
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54AC 74AC 

TA= -55°C TA= -40°C 
Fig. 

to+ 12s0 c to +85°C Units 
CL= SOpF CL= SOpF 

No. 

Min Max Min Max 

55 60 
MHz 2·3 

90 95 

1.0 13.5 1.5 13.5 
2·6 

1.0 9.5 1.0 9.5 
ns 

1.0 12.5 1.5 13.0 
2·6 

1.0 9.5 1.5 10.0 
ns 

1.0 16.5 2.5 16.5 
2-6 

1.0 11.0 1.5 11.5 
ns 

1.0 15.0 2.5 15.5 
2-6 

1.0 11.0 2.0 11.5 
ns 

1.0 11.0 1.5 11.0 
2-6 

1.0 7.5 1.0 7.5 
ns 

1.0 12.0 2.0 12.5 
2-6 

1.0 9.0 1.5 9.5 
ns 

54AC 74AC 

TA= -55°C TA= -40°C 
Fig. 

to+ 12s0 c to +as0 c Units 
CL= SOpF CL= SOpF 

No. 

Guaranteed Minimum 

17.0 16.0 
2-9 

11.0 10.5 
ns 

-0.5 -0.5 
2-9 

0 0 
ns 

17.0 16.5 
2-9 

12.0 11.0 
ns 

-0.5 -0.5 
2-9 

0 0 
ns 

16.0 14.0 
2-9 

9.5 8.5 
ns 

-0.5 -0.5 
2-9 

0 0 
ns 

8.0 7.0 
2-9 

5.5 5.0 
ns 

0 0 
2-9 

0.5 0.5 
ns 

5.0 4.0 
2-6 

5.0 3.0 
ns 

5.0 4.5 
2-6 

5.0 3.5 
ns 



AC Electrical Characteristics 
74ACT 54ACT 74ACT 

TA= +25°C 
TA= -ss·c TA= -40°C 

Fig. 
Parameter 

Vee* 
to+ 12s·c to +85'C Units 

No. 
Symbol 

{V) CL= SOpF 
CL= SOpF CL= SOpF 

Min Typ Max Min Max Min Max 

fmax Maximum Clock 
5.0 120 140 105 MHz 2-3 

Frequency 

tPLH Propagation Delay, CP to On 
5.0 1.5 5.5 10.0 1.5 11.0 ns 2-6 

(PE Input HIGH or LOW) 

tPHL Propagation Delay, CP to On 
5.0 1.5 6.0 11.0 1.5 12.0 ns 2-6 

(PE Input HIGH or LOW) 

tPLH Propagation Delay 
5.0 2.5 7.0 11.5 2.0 13.5 ns 2-6 

CPtoTC 

tPHL Propagation Delay 
5.0 3.0 8.0 13.5 2.0 15.0 ns 2-6 

CPtoTC 

tPLH Propagation Delay 
5.0 2.0 5.5 9.0 1.5 10.5 ns 2-6 

CETto TC 

tPHL Propagation Delay 
5.0 2.0 6.0 10.0 2.0 11.0 ns 2-6 

CETtoTC 

•voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements 
74ACT 54ACT 74ACT 

Vee* TA= +25°C 
TA= -ss·c TA= -40°C 

Fig. 
Symbol Parameter to+ 12s·c to +as·c Units 

No. {V) CL= SOpF 
CL= SOpF CL= 50 pf 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 
5.0 4.0 10.0 12.0 ns 2-9 

Pn to CP 

th Hold Time, HIGH or LOW 
5.0 -5.0 0.5 0.5 ns 2-9 

Pn toCP 

ts Setup Time, HIGH or LOW 
5.0 4.0 10.0 11.5 ns 2-9 

SR toCP 

th Hold Time, HIGH or LOW 
5.0 -5.5 -0.5 -0.5 ns 2-9 

SR toCP 

ts Setup Time, HIGH or LOW 
5.0 4.0 8.5 10.5 ns 2-9 

PEtoCP 

th Hold Time, HIGH or LOW 
5.0 -5.5 -0.5 0 ns 2-9 

PEtoCP 

ts Setup Time, HIGH or LOW 
5.0 2.5 5.5 6.5 ns 2·9 

CEP or CET to CP 

th Hold Time, HIGH or LOW 
5.0 -3.0 0 0.5 ns 2-9 

CEP or CET to CP 

tw Clock Pulse Width (Load) 
5.0 2.0 3.5 3.5 ns 2-6 

HIGH or LOW 

tw Clock Pulse Width 
5.0 2.0 3.5 3.5 ns 2-6 

(Count) HIGH or LOW 

•voltage Range 5.0 is 5.0V ±0.5V II 
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co ,... Capacitance 

Symbol 

C1N 

Cpo 

Parameter 

Input Capacitance 

Power Dissipation 
Capacitance 

AC/ACT 
Units Conditions 

Typ 

4.5 pF Vee= 5.ov 

45.0 pF Vee= 5.ov 
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.~National ADVANCE INFORMATION 

D Semiconductor 

54AC/74AC164 • 54ACT/74ACT164 
Serial-In, Parallel-Out Shift Register 

General Description Features 
• Asynchronous Master Reset 
• Gated serial data input 

The 'AC/'ACT164 is a high-speed 8-bit serial-in/parallel-out 
shift register. Serial data is entered through a 2-input AND 
gate synchronous with the LOW-to-HIGH transition of the 
clock. The device features an asynchronous Master Reset 
which clears the register, setting all outputs LOW indepen
dent of the clock. 

• Fully synchronous data transfers 
• 'ACT164 has TIL-compatible inputs 

Logic Symbols Connection Diagrams 

MR 

ep 

Pin Names 

A,B 
CP 
MR 
Oo-01 

A 

TL/F /9933-1 

Pin Assignment for 
DIP, SOIC and Flatpak 

A 1 

B 2 

00 3 

o, 4 

02 5 

03 6 

GNO 7 

14 Vee 

13 07 

12 05 

11 05 

10 04 

9 MR 
8 CP 

IEEE/IEC TL/F/9933-2 

TL/F/9933-4 

Description 

Data Inputs 
Clock Pulse Input (Active Rising Edge) 
Master Reset Input (Active LOW) 
Outputs 
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Pin Assignment 
forLCC 

02 NC 01 NC Oo 
rn rn [[] rn m 

o3 rn 
GND IIQJ 

NC [j] 

CP Im 
MR~ 

li1J ll]] fill lil] Ii]] 
04 NC 05 NC 05 

[I) B 

[I]A 

[j]NC 

~Vee 
li]]07 

TL/F/9933-3 

I 
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~National a Semiconductor 
54AC/74AC169 
4-Stage Synchronous Bidirectional Counter 

General Description 
The 'AC169 is fully synchronous 4-stage up/down counter. 
The 'AC169 is a modulo-16 binary counter. It features a 
preset capability for programmable operation, carry look
ahead for easy cascading and a U/D input to control the 
direction of counting. All state changes, whether in counting 
or parallel loading, are initiated by the LOW-to-HIGH tran
sition of the Clock. 

Ordering Code: see Section 5 

Features 
• Synchronous counting and loading 
• Built-In lookahead carry capability 
• Presettable for programmable operation 
• Outputs source/ sink 24 mA 

Logic Symbol Connection Diagrams 

Pin Names 

CEP 
CET 
CP 
Po-Ps 
PE 
U/D 

Oo-03 
TC 

TC 

TL/F/9934-1 

U/fi 

CET 

CEP 

CP 

Description 

Count Enable Parallel Input 
Count Ena~le Trickle Input 
Clock Pulse Input 
Parallel Data Inputs 
Parallel Enable Input 
Up-Down Count Control Input 
Flip-Flop Outputs 
Terminal Count Output 

IEEE/I EC 

TC 

Oo 

01 

02 

03 

TL/F/9934-2 
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Pin Assignment 
for DIP, Flatpak and SOIC 

U/fi 16 Vee 
CP 15 TC 
Po 14 Oo 

P1 4 13 01 

P2 12 02 

P3 6 11 03 

CEP 7 10 CET 

GND 9 PE 

TL/F /9934-3 

Pin Assignment 
for LCC 

P3 P2 NC P1 Po 
rn mm mm 

ffii [[] [1)CP 

GNO liID [IJU/fi 
NC[ITJ []]NC 
PE@ ~Yee 

ctr Ii] [J]]TC 

lffi[l])lrn!ITJ!rn 
03 02 NC 01 Oo 

TL/F/9934-4 



Logic Diagram 
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Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 

Functional Description 
The 'AC169 uses edge-triggered J-K-type flip-flops and 
have no constraints on changing the control or data input 
sianals in Aither st~te of the Clock. The only requirement is 
that the various inputs attain the desired state at least a 
setup time before the rising edge of the clock and remain 
valid for the recommended hold time thereafter. The parallel 
load operation takes precedence over the other operations, 
as indicated in the Mode Select Table. When PE is LOW, 
the data on the P0-P3 inputs enters the flip-flops on the 
next rising edge of the Clock. In order for counting to occur, 
both CEP and GET must be LOW and PE must be HIGH; the 
U/D input then determines the direction of counting. The 
Terminal Count (TC) output is normally HIGH and goes 
LOW, provided that CET is LOW, when a counter reaches 
zero in the Count Down mode or reaches 15 in the Count 
Up mode. The TC output state is not a function of the Count 
Enable Parallel (CEP) input level. If an illegal state occurs, 
the 'AC169 will return to the legitimate sequence within two 
counts. Since the TC signal is derived by decoding the flip
flop states, there exists the possibility of decoding spikes on 
TC. For this reason the use of TC as a clock signal is not 
recommended (see logic equations below). 

1) Count Enable = CEP•CET•PE 

2) Up: TC = Oo•01 •0203•(Up)•CET 

3) Down: TC = Oo•01 •02•03•(Down)•CET 

4-101 

Mode Select Table 

PE CEP CET 

L x x 
H L L 
H L L 
H H x 
H x H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

U/D 

x 
H 
L 
x 
x 

State Diagrams 

Action on Rising 
C!oc~ Ed!!~ 

Load (P n to On) 
Count Up (Increment) 
Count Down (Decrement) 
No Change (Hold) 
No Change (Hold) 

• - • Count Down 
-count Up 

TL/F/9934-6 

..... 
O> 
co 
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U> .... Absolute Maximum Rating (Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to+ 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 =Vee+ 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGNo) 

Storage Temperature (T sTG) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee+ 0.5V 

±50mA 

- 65°C to + 15o•c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over Its power supply, 
temperature, and output/Input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature {TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, tt) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
VIN from 30% to 70% of Vee 
Vce ® 3.0V 
Vec ® 4.5V 
Vcc ® 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from o.ev to 2.ov 
Vee® 4.5V 
Vee® 5.5V 

2.0Vto 6.0V 
4.5Vto 5.5V 

OVtoVec 

OVtoVcc 

-40°c to + 85°C 
- 55•c to + 125°C 

175•c 
14o•c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) -ss·c to + 12s0 c - 4o·c to + es·c 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v orVcc - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVcc - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

·v1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH :-24 mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

·v1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vec.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Vee TA= TA= TA= 
Symbol Parameter (V) +25°C - 55°C to + 125•c - 4o•c to + B5°C 

Units 

Typ Guaranteed Limits 

IQLD tMinimum Dynamic 5.5 

loHD 
Output Current 5.5 

Ice Maximum Quiescent 
5.5 8.0 

Supply Current 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

50 75 

-50 -75 

160.0 80.0 

Note: l1N and Ice ® 3.0V are guaranteed to be less than or equal to the respective limit ® 5.5V Vee· 
Ice for 54AC ® 25'C Is identical to 7 4AC ® 25'C. 

AC Electrical Characteristics 

Symbol Parameter 

fmax Maximum Clock 
Frequency 

tPLH Propagation Delay 

CPtoOn 
(PE HIGH or LOW) 

tPHL Propagation Delay 

CPtoOn 
(PE HIGH or LOW) 

tPLH Propagation Delay 
CPto ll,; 

tPHL Propagation Delay 
CPtoTC 

tPLH Propagation Delay 

CETtoTC 

tPHL Propagation Delay 
CETtoTC 

tPLH Propagation Delay 

U/Dto TC 

tPHL Propagation Delay 
U/DtoTC 

•voltage Range 3.3 Is 3.3V ±0.3V 

Voltage Range 5.0 is 5.0V ± 0.5V 

Vee· 
(V) 

Min 

3.3 75 

5.0 100 

3.3 2.5 

5.0 1.5 

3.3 2.5 

5.0 1.5 

3.3 4.5 

ti.O 3.0 

3.3 3.5 

5.0 2.5 

3.3 3.5 
5.0 3.0 

3.3 3.0 
5.0 2.0 

3.3 3.5 
5.0 2.5 

3.3 2.5 

5.0 1.5 

74AC169 54AC169 

TA= +2s0 c 
TA= -55°C 
to+ 125•c 

CL= 50 pF 
CL= 50 pF 

Typ Max Min Max 

118 55 
154 75 

9.5 13.0 1.0 15.0 
7.0 10.0 1.0 12.0 

10.5 14.5 1.0 16.5 

7.5 11.0 1.0 13.0 

13.5 18.0 1.0 22.0 

!:I.ti 13.0 1.0 rn.o 
13.5 18.0 1.0 22.0 

9.5 13.0 1.0 16.0 

11.0 15.0 1.0 18.5 

8.0 10.5 1.0 13.0 

9.5 12.5 1.0 16.0 
7.0 9.0 1.0 11.0 

11.0 15.0 1.0 18.5 
8.0 10.5 1.0 13.0 

10.0 13.5 1.0 16.5 

7.0 9.5 1.0 12.0 
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mA 

mA 

µA 

74AC169 

TA= -40°c 

to +B5°C 

CL= 50pF 

Min Max 

65 

90 

2.0 14.5 

1.5 11.0 

2.0 16.0 

1.5 12.0 

3.5 22.0 

2.0 14.0 

3.0 20.5 

2.0 14.5 

3.0 16.5 

2.5 12.0 

2.5 14.5 
1.5 10.0 

3.0 17.0 
2.0 12.0 

2.0 15.5 

1.5 10.5 

Conditions 

VoLD = 1.65V Max 

VoHD = 3.85V Min 

V1N =Vee 
orGND 

Fig. 
Units 

No. 

MHz 2-3 

ns 2-6 

ns 2-6 

ns 2-6 

ns 2-6 

ns 2-6 

ns 2-6 

ns 2-6 

ns 2-6 

..... 
en 
co 
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AC Operating Requirements 

Vee* Symbol Parameter 
(V) 

ts Setup Time, 
3.3 

HIGH or LOW 
5.0 

Pn to CP 

th Hold Time, HIGH or LOW 3.3 
Pn to CP 5.0 

ts Setup Time, 
3.3 

HIGH or LOW 
5.0 

CEPtoCP 

th Hold Time, HIGH or LOW 3.3 
CEPtoCP 5.0 

ts Setup Time, 
3.3 

HIGH or LOW 
5.0 

CETtoCP 

th Hold Time, HIGH or LOW 3.3 
CETtoCP 5.0 

ts Setup Time, 
3.3 

HIGH or LOW 
5.0 

PEtoCP 

th Hold Time, HIGH or LOW 3.3 
PEtoCP 5.0 

ts Setup Time, 
3.3 

HIGH or LOW 
5.0 

U/DtoCP 

th Hold Time, HIGH or LOW 3.3 
U/DtoCP 5.0 

tw CP Pulse Width, 3.3 
HIGH or LOW 5.0 

•voltage Range 3.3 is 3.3V ± 0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 

C1N Input Capacitance 

Cpo Power Dissipation 

Capacitance 

74AC169 

TA= +25°C 
CL= 50 pf 

Typ 

3.0 4.5 
1.5 2.5 

1.5 0.5 
0.5 1.5 

7.5 10.5 
4.5 7.0 

4.5 0 
2.0 0.5 

7.0 10.0 
4.0 6.5 

6.0 0 
4.0 0.5 

3.5 5.5 
2.0 3.5 

3.5 0 
1.5 0.5 

7.0 10.0 
4.5 6.5 

7.0 0 
4.0 0.5 

2.0 3.0 
2.0 3.0 

AC/ACT 

Typ 

4.5 

60.0 
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54AC169 74AC169 

TA= -55°C TA= -40°C 
Fig. 

to+ 125°C to +as•c Units 
CL= 50pF CL= 50pF 

No. 

Guaranteed Minimum 

7.0 5.0 
4.5 2.5 

ns 2-9 

2.0 0.5 
2-9 

2.5 1.5 
ns 

13.5 12.5 
9.0 8.0 

ns 2-9 

0.5 0 
2-9 

2.5 1.0 
ns 

13.5 12.0 
9.5 8.0 

ns 2-9 

0.5 0 
2-9 

2.5 1.0 
ns 

8.5 6.5 
6.5 4.0 

ns 2-9 

0.5 0 
2-9 

2.0 0.5 
ns 

13.0 11.5 
9.0 7.5 

ns 2-9 

0.5 0 
2-9 

2.0 0.5 
ns 

5.0 4.0 
2-6 

5.0 3.0 
ns 

Units Conditions 

pF Vee= 5.0V 

pF Vee= 5.ov 



~National 
~Semiconductor 

54AC/74AC174 • 54ACT/74ACT174 
Hex D Flip-Flop with Master Reset 

General Description Features 
The 'AC/'ACT174 is a high-speed hex D flip-flop. The de
vice is used primarily as a 6-bit edge-triggered storage regis
ter. The information on the D inputs is transferred to storage 
during the LOW-to-HIGH clock transition. The device has a 
Master Reset to simultaneously clear all flip-flops. 

• Outputs source/sink 24 mA 

Ordering Code: see sections 

Logic Symbols 

CP 

MR Do 

D1 

D2 

TL/F /9935-1 D
3 

Pin Names Description 

Do-D5 Data Inputs 
CP Clock Pulse Input 
MR Master Reset Input 
Oo-Os Outputs 

• 'ACT17 4 has TTL-compatible inputs 

lEEE/IEC 

Oo 

01 

02 

03 

04 

05 

TL/F/9935-2 
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Connection Diagrams 

Pin Assignment 
for DIP, Flatpak and SOIC 

Mii 

Oo 

Do 

D1 

01 

D2 

02 

GND 

16 

15 

14 

13 

5 12 

11 

10 

8 9 

""'- "--·-----· r111"'"""'~'1111 ... 1u 

for LCC 
~ 01 NC D1 Do 
(]][l]IIJ[[]GJ 

Vee 

05 

D5 

D4 

04 

D3 

03 

CP 

TL/F/9935-3 

021!lO(I]Oo GND([Q] IIJMR 
NC [ii [I]NC 

CP 1i1J Im Vee 
03 Ii]) [j]]05 

~i)]li]]illlli]] 

~ 04 NC D4 Ds 
TL/F/9935-4 



Functional Description 
The 'AC/' ACT17 4 consists of six edge-triggered D flip-flops 
with individual D inputs and Q outputs. The Clock (CP) and 
Master Reset (MR) are common to all flip-flops. Each D 
input's state is transferred to the corresponding flip-flop's 
output following the LOW-to-HIGH Clock (CP) transition. A 
LOW input to the Master Reset (MR) will force all outputs 
LOW independent of Clock or Data inputs. The 'AC/ 
'ACT17 4 is useful for applications where the true output 
only is required and the Clock and Master Reset are com
mon to all storage elements. 

Logic Diagram 

iiii CP D5 

Truth Table 
Inputs 

MR CP 

L x 
H _r 
H _r 

H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

L 

../" = LOW-to-HIGH Transition 

Dz D1 

Output 

D Q 

x L 
H H 
L L 
x a 

Do 

05 Oo 

TL/F/9935-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 

Oz 01 
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Absolute Maximum Rating (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -a.5V 
V1 = Vee + a.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -a.5V 
Vo = Vee + a.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGNo) 

Storage Temperature (T srn) 

-2amA 
+2amA 

-a.5V to Vee + a.5V 

-2amA 
+2amA 

-a.5V to to Vee+ a.5V 

±5amA 

±5amA 

- 65°C to + 15o·c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (Vi) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 3a% to 7a% of Vee 
Vee® 3.av 
Vee @4.5V 
Vcc® 5.5V 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from a.av to 2.aV, Vmeas 
from a.av to 2.0V 
Vcc® 4.5V 
Vee® 5.5V 

2.0Vto6.aV 
4.5Vto 5.5V 

OVtoVcc 

av to Vee 

- 4a·c to + 85°C 
- 55°C to + 125·c 

115·c 
14a·c 

150 ns/V 
4a ns/V 
25 ns/V 

1a ns/V 
a ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) -ss·c to+ 12s0 c - 4o•c to + as·c 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - o.1v 

5.5 2.75 3.a5 3.85 3.85 

V1L Maximum Low Level 3.a 1.5 a.9 a.9 0.9 Vour = a.1v 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.a 2.99 2.9 2.9 2.9 lour= -5a µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.a6 4.7 4.76 -24mA 

Vol Maximum Low Level 3.0 o.ao2 0.1 a.1 a.1 lour= 5a µA 
Output Voltage 4.5 o.ao1 0.1 a.1 0.1 v 

5.5 0.001 0.1 a.1 0.1 

'"V1N = V1L or V1H 
3.0 0.36 0.5a 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) -55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

loLD tMinimum Dynamic 5.5 50 75 mA VOLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA V1N =Vee 

Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee-
Ice for 54AC@ 25°C is identical to 74AC@ 25°C. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) - 55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

VouT = o.w 
Input Voltage 5.5 1.5 2.0 2.0 2.0 orVcc - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

VouT = o.w 
Input Voltage 5.5 1.5 0.8 0.8 0.8 orVcc - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

louT = -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

·v1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH 
-24mA 

5.5 4.86 4.70 4.76 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

lour= 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 =Vee. GND 
Leakage Current 

leer Maximum 
5.5 0.6 1.6 1.5 mA 

v, =Vee - 2.1v 
Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA V1N =Vee 

Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT@ 25°C is identical to 74ACT@ 25°C. 
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AC Electrical Characteristics 
74AC 54AC 74AC 

Vee• TA= +25°c 
TA= -55°c TA= -40°c 

Fig. 
Symbol Parameter to+ 125°C to +85°C Units 

(V) CL= 50 pf 
CL= 50pF CL= 50 pf 

No. 

Min Typ Max Min Max Min Max 

fmax Maximum Clock 3.3 90 100 65 70 
MHz 2-3 

Frequency 5.0 100 125 90 100 

tPLH Propagation Delay 3.3 2.0 9.0 11.5 1.0 14.0 1.5 12.5 
2-6 

CPtoOn 5.0 1.5 6.0 8.5 1.0 10.5 1.0 9.5 
ns 

tPHL Propagation Delay 3.3 2.0 8.5 11.0 1.0 13.0 1.5 12.0 
2-6 

CPtoOn 5.0 1.5 6.0 8.0 1.0 10.0 1.0 9.0 
ns 

tPHL Propagation Delay 3.3 2.5 9.0 11.5 1.0 13.5 2.0 12.5 
2-6 

MR to On 5.0 1.5 7.0 9.0 1.0 11.0 1.5 10.5 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements 
74AC 54AC 74AC 

Vee• TA= +2s0 c 
TA= -5s0 c TA= -40°c 

Fig. 
Symbol Parameter to +125°C to +es·c Units 

(V) CL= 50pF 
CL= 50pF CL= 50 pf 

No. 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 3.3 2.5 6.5 7.5 7.0 
2-9 

Dn toCP 5.0 2.0 5.0 5.5 5.5 
ns 

th Hold Time, HIGH or LOW 3.3 1.0 3.0 3.0 3.0 
2-9 

Dn toCP 5.0 0.5 3.0 3.0 3.0 
ns 

tw MR Pulse Width, LOW 3.3 1.0 5.5 7.0 7.0 
2-6 

5.0 1.0 5.0 5.0 5.0 
ns 

tw CP Pulse Width 3.3 1.0 5.5 7.0 7.0 
2-6 

5.0 1.0 5.0 5.0 5.0 
ns 

-----· 
tree Recovery Time 3.3 0 2.5 3.0 2.5 

2-6 
MRtoCP 5.0 0 2.0 2.0 2.0 

ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee• TA= +25°c 
TA= -55°c TA= -40°c 

Fig. 
Symbol Parameter 

(V) CL= 50pF 
to +125°C to +es·c Units 

No. 
CL= 50pF CL= 50 pf 

Min Typ Max Min Max Min Max 

fmax Maximum Clock 
5.0 165 200 95 140 MHz 2-3 

Frequency 

tpLH Propagation Delay 
5.0 1.5 7.0 10.5 1.0 12.5 1.5 11.5 ns 2-6 

CPtoOn 

tPHL Propagation Delay 
5.0 1.5 7.0 10.5 1.0 13.0 1.5 11.5 ns 2-6 

CPtoOn 

tPHL Propagation Delay 
5.0 1.5 6.5 9.5 1.0 12.0 1.5 11.0 ns 2-6 

MR to On 

•voltage Range 5.0 is 5.0V ±0.5V a 
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AC Operating Requirements 
74ACT 54ACT 74ACT 

Vee* TA= +25°C 
TA= -55°C TA= -40°c 

Fig. 
Symbol Parameter to+ 125°C to +85°C Units 

(V) CL= 50pF 
CL= 50 pf CL= 50 pf 

No. 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 
5.0 0.5 1.5 3.0 1.5 ns 2·9 

Dn toCP 

th Hold Time, HIGH or LOW 
5.0 1.0 2.0 2.0 2.0 2-9 

Dn to CP 
ns 

tw MR Pulse Width, LOW 5.0 1.5 3.0 5.0 3.5 ns 2-6 

tw CP Pulse Width, HIGH OR LOW 5.0 1.5 3.0 5.0 3.5 ns 2-6 

tree Recovery Time 
5.0 -1.0 0.5 1.0 0.5 ns 2-9 

MRtoCP 

•voltage Range 5.0 is 5.0V ± 0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 

Cpo Power Dissipation 
85.0 pF Vee= 5.ov 

Capacitance 
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~National 
D Semiconductor 
54AC/74AC175 • 54ACT/74ACT175 
Quad D Flip-Flop 

General Description 
The 'AC/'ACT175 is a high-speed quad D flip-flop. The de
vice is useful for general flip-flop requirements where clock 
and clear inputs are common. The information on the D 
inputs is stored during the LOW-to-HIGH clock transition. 
Both true and complemented outputs of each flip-flop are 
provided. A Master Reset input resets all flip-flops, indepen
dent of the Clock or D inputs, when LOW. 

Ordering Code: see section 5 

Features 
• Edge-triggered D-type inputs 
• Buffered positive edge-triggered clock 
• Asynchronous common reset 
• True and complement output 
• Outputs source/sink 24 mA 
• 'ACT175 has TTL-compatible inputs 

Logic Symbols Connection Diagrams 

Do 

CP 

-0 MR 

TL/F/9936-1 

IEEE/I EC 

CP 

Oo 
Do 

Oo 

o, 
o, o, 

02 
D2 

02 

03 
D3 

03 

TL/F/9936-2 

Pin Names Description 

Do-03 Data Inputs 
CP Clock Pulse Input 
MR Master Reset Input 
Oo-03 True Outputs 
Oo-Cb Complement Outputs 
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Pin Assignment 
for DIP, Flatpak and SOIC 

MR 

Oo 

Oo 

Do 

o, 
o, 
o, 

GND 

1 16 

15 

14 

4 13 

5 12 

6 11 

7 10 

B 9 

Pin Assignment 
for LCC 

01 D1 NC Do 0o 
[!]arn:rnrn:i 

Vee 

03 

03 

D3 

D2 

02 

02 

CP 

G~:o~~ NC [j] [i]NC 

CP Ii] ~Vee 

02fill !iID03 

[gJ Ii]] [i]] lill li'§J 

02D:zNC"303 

TL/F/9936-3 

TL/F/9936-4 

...... 
U1 



Functional Description 
The 'AC/'ACT175 consists of four edge-triggered D flip
flops with individual D inputs and Q and Q outputs. The 
Clock and Master Reset are common. The four flip-flops will 
store the state of their individual D inputs on the LOW-to
HIGH clock (CP) transition, causing individual Q and Q out
puts to follow. A LOW input on the Master Reset (MR) will 
force all Q outputs LOW and Q outputs HIGH independent 
of Clock or Data inputs. The 'AC/'ACT175 is useful for gen
eral logic applications where a common Master Reset and 
Clock are acceptable. 

Logic Diagram 

MR CP 

D Q D 0 

.._ __ c::JICP 
0 0 

CD CD 

Truth Table 
Inputs 

@tn, MR= H 

Dn 

L 
H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
t0 = Bit Time before Clock Pulse 
tn+ 1 = Bit Time after Clock Pulse 

D1 

D Q 

0 
CD 

Outputs 

@tn+1 

On On 
L H 
H L 

D 0 

CP 0 
CD 

o, o, Oo Oo 
TL/F/9936-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

SupplyVoltage(Vcc) -0.5Vto +7.0V 

DC Input Diode Current 01K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T srn) 

-20mA 
+20mA 

-0.5V to Vee+ 0.5V 

-20mA 
+20mA 

-0.5V to to Vee+ 0.5V 

±50mA 

±50mA 

- 65°c to + 15o•c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vee® 3.0V 
Vee® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee® 4.5V 
Vee® 5.5V 

2.0Vto6.0V 
4.5Vto5.5V 

OVtoVcc 

OVtoVcc 

- 40°C to + 85°C 
- 55°C to + 125°C 

175·c 
14o·c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) -ss·c to + 12s·c -40°cto +as·c 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 VouT = 0. iV 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 VouT = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVec - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 louT = -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

•v1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 louT = 50µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

•v1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vee.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions (V) - ss·c to + 12s·c - 40°C to + as·c 

Typ Guaranteed Limits 

Imo tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee· 
Ice for 54AC ® 2s·c is identical to 7 4AC ® 25°C. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) - ss·c to + 12s0 c - 40°C to + as·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 v VouT = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 orVcc - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 v VouT = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 orVcc - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 v louT = -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 v loH 

-24mA 

5.5 4.86 4.70 4.76 -24mA 

Vol Maximum Low Level 4.5 0.001 0.1 0.1 0.1 v louT = 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 v loL 

24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 

lccT Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1V 
Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

IQHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT @ 2s·c is identical to 74ACT ® 2s·c. 
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AC Electrical Characteristics 
74AC 54AC 74AC 

Vee• TA= +25°C 
TA= -55°C TA= -40'C 

Fig. 
Symbol Parameter 

(V) CL= 50 pF 
to+ 125°C to +85°C Units 

No. 
CL= 50 pF CL= 50 pF 

Min Typ Max Min Max Min Max 

fmax Maximum Clock 3.3 149 214 95 139 
MHz 2-3 

Frequency 5.0 187 244 95 187 

tPHL Propagation Delay 3.3 2.0 9.5 12.0 1.0 15.0 2.0 13.5 
2-6 

CPtoOn or On 5.0 1.5 7.0 9.0 1.0 11.5 1.0 9.5 
ns 

tPLH Propagation Delay 3.3 2.5 8.5 13.0 1.0 14.5 2.0 14.5 
2-6 

CPtoOnorOn 5.0 1.5 6.0 9.5 1.0 10.5 1.5 10.5 
ns 

tpHL Propagation Delay 3.3 3.0 7.5 12.5 1.0 13.5 2.5 13.5 
2-6 

MR to On 5.0 2.0 5.5 9.0 1.0 10.5 1.5 10.0 
ns 

tPLH Propagation Delay 3.3 3.0 8.5 11.0 1.0 15.0 2.5 12.5 
2-6 

MR to On 5.0 2.0 6.0 8.5 1.0 11.0 1.5 9.0 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements 
74AC 54AC 74AC 

Vee• TA= +25°C 
TA= -55°C TA= -40'C 

Fig. 
Symbol Parameter to +125°C to +85°C Units 

(V) CL= 50pF 
CL= 50 pF CL= 50 pF 

No. 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 3.3 2.0 4.5 5.0 4.5 
2-9 

Dn toCP 5.0 1.0 3.0 3.5 3.0 
ns 

th Hold Time, HIGH or LOW 3.3 1.0 1.0 2.0 1.0 
2-9 

Dn toCP 5.0 1.0 1.0 2.5 1.0 
ns 

tw CP Pulse Width 3.3 5.5 4.5 6.0 4.5 
2-6 

HIGH or LOW 5.0 4.0 3.5 5.0 3.5 
ns 

___________ .. -· 
-----·· 

tw MR Pulse Width, LOW 3.3 5.5 4.5 5.5 5.0 
2-6 

5.0 4.0 3.5 5.0 3.5 
ns 

tree Recovery Time 3.3 0 0 1.5 0 
2-9 

MRtoCP 5.0 0 0 1.5 0 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 
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AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee* TA= +2s0 c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter 

(V) CL= 50pF 
to+ 12s·c to +ss·c Units 

No. 
CL= 50pF CL= 50pF 

Min Typ Max Min Max Min Max 

fmax Maximum Clock 
5.0 175 236 95 145 MHz 2-3 

Frequency 

tPLH Propagation Delay 
5.0 2.0 6.0 10.0 1.0 11.5 1.5 11.0 ns 2-6 

CPto On or On 

tPHL Propagation Delay 
5.0 2.0 7.0 11.0 1.0 12.5 1.5 12.0 ns 2-6 

CP to On or On 

tPLH Propagation Delay 
5.0 2.0 6.0 9.5 1.0 11.5 1.5 10.5 ns 2-6 

MR to On 

tPHL Propagation Delay 
5.0 2.0 5.5 9.5 1.0 11.0 1.5 10.5 ns 2-6 

MR to On 
•voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements 
74ACT 54ACT 74ACT 

Vee* TA= +2s0 c 
TA= -ss·c TA= -4o·c 

Fig. 
Symbol Parameter to+ 12s·c to +ss·c Units 

(V) CL= 50pF 
CL= 50 pf CL= 50pF 

No. 

Typ Guaranteed Minimum 

ts (H) Setup Time 
5.0 

3.0 2.0 3.5 2.0 
2-9 

ts (L) Dn toCP 3.0 2.5 3.5 2.5 
ns 

th Hold Time, HIGH or LOW 
5.0 0 1.0 1.5 1.0 ns 2-9 

Dn toCP 

tw CP Pulse Width 
5.0 4.0 3.0 5.0 3.5 2-6 

HIGH or LOW 
ns 

tw MR Pulse Width, LOW 5.0 4.0 3.0 5.0 4.0 ns 2-6 

tree Recovery Time, MR to CP 5.0 0 0 1.5 0 ns 2-9 
•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 

Cpo Power Dissipation 
45.0 pF 

Vee= 5.ov 
Capacitance 
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~National 
~Semiconductor 

54ACT/74ACT181 
4-Bit Arithmetic Logic Unit 

General Description 
The 'ACT181 is a 4-bit Arithmetic Logic Unit (ALU) which 
can perform all the possible 16 logic operations on two vari
ables and a variety of arithmetic operations. 

Logic Symbols 

ADVANCE INFORMATION 

Features 
• Full lookahead for high-speed arithmetic operation on 

long words 
• 'ACT181 has TTL-compatible inputs 

Connection Diagrams 

IEEE/I EC 
Pin Assignment 

for DIP, SOIC and Flatpak Active-HIGH Operands 
So 
S1 

en Ao Bo A1 81 A2 B2 A3 83 en+4 S2 J~ M % 
A=B 

TL/F/9938-1 B1 

Active-LOW Operands 

I I I I I I I I 

A=B 

TL/F/9938-2 

Pin Names Description 

Ao-A3 A Operand Inputs (Active LOW) 

80-83 B Operand Inputs (Active LOW) 
So-83 Function Select Inputs 
M Mode Control Input 

Cn Carry Input 

Fo-F3 Function Outputs (Active LOW) 
A=B Comparator Output 
G Carry Generate Output (Active LOW) 
p Carry Propagate Output (Active LOW) 

Cn + 4 Carry Output 

ALU 

(0 .•• 15)CP 

(0 ••• 15)CG G 
6(P=O) Q A=B 

(0 ••• 15)CO Cnu 

(1) i'o 

(2) i'1 

(4) i'2 

(8) i'3 

TL/F/9938-4 
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iio 24 Vee 
Ao 23 A1 

S3 3 22 ii1 

S2 4 21 A2 

S1 5 20 ii2 

So 19 A3 

en 7 18 ii3 

M 8 17 G 

Fo 16 cn+4 

F1 10 15 p 

F2 11 14 A=B 

GND 12 13 F3 

TL/F/9938-3 

Pin Assignment 
for LCC 

i'0 M Cn NC So S1 S2 
[j] !!QI m [[] m [§] m 

F'1 ll1l G]S3 
i'2 !Lll rn Ao 

GND 18] m Bo 
NC [fil [j] NC 

i'3 [§] ~Vee 
A=B [II ~ZIA1 

p [j]J ~81 

l!fil@[l]§l~H~~ 

Cnu G 83 NC A3 82 A2 
TL/F/9938-5 
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"?'A National 
D Semiconductor 

ADVANCE INFORMATION 

54ACT/74ACT182 
Carry Lookahead Generator 

General Description 
The 'ACT182 is a high-speed carry lookahead generator. 

Logic Symbols 

Features 
• Provides lookahead carries across a group of four 

AL Us 
• Multi-level lookahead high-speed arithmetic operation 

over long word lengths 
• 'ACT182 has TTL-compatible inputs 

Connection Diagrams 
Pin Assignment 

IEEE/I EC for DIP, Flatpak and SOIC 

ePG 

en Z1 1,2 

en 
3 

1,2,-4 

Po G2/Z10 
3,-4 

e ... en+y c ••• 
Go 

5 
Z3 1,2,-4,6 

P1 3,-4,6 G-4 
TL/F/9939-4 G1 

5,6 
ZS 7 

P2 G6 

G2 Z7 3,-4,6,8 

P3 GS 
5,6,8 

G3 
7,8 

zg 9 

Pin Names Description 

Cn Carry Input 
Go,G2 Carry Generate Inputs (Active LOW) 
G1 Carry Generate Input (Active LOW) 
G3 Carry Generate Input (Active LOW) 
PO,P1 Carry Propagate Inputs (Active LOW) 
P2 Carry Propagate Input (Active LOW) 
P3 Carry Propagate Input (Active LOW) 

Cn+x-Cn+z Carry Outputs 
G Carry Generate Output (Active LOW) 
p Carry Propagate Output (Active LOW) 
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en+x 

en+y 

Cn+z 

TL/F /9939-1 

G1 
P1 
Go 
Po 
G3 
P3 
p 

GND 

16 

15 

3 1-4 

13 

12 

11 

10 

8 9 

Pin Assignment 
for LCC 

P3 ~NC Po&, 
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Vee 

P2 
G2 
en 

en+x 

en+y 
c 
Cn+z 
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G Im Ii]] P2 
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'?A National 
D Semiconductor 
54AC/74AC191 
Up/Down Counters with Preset and Ripple Clock 

General Description Features 
The 'AC191 is a reversible modulo 16 binary counter. It fea
tures synchronous counting and asynchronous presetting. 
The preset feature allows the 'AC191 to be used in pro
grammable dividers. The Count Enable input, the Terminal 
Count output and the Ripple Clock output make possible a 
variety of methods of implementing multistage counters. In 
the counting modes, state changes are initiated by the rising 
edge of the clock. 

• High speed-133 MHz typical count frequency 
• Synchronous counting 
• Asynchronous parallel load 
• Cascadable 
• Outputs source/sink 24 mA 

Ordering Code: see sections 

Logic Symbols Connection Diagrams 

Pin Names 

CE 
CP 
Po-P3 
PL 
TI!D 
Oo-03 
RC 
TC 

RC 

TC 

TL/F/9940-1 

CE 
0/D 

CP 

Po 

P1 

IEEE/I EC 

TC 

Rc 

Oo 

o, 
02 P2 

P3~C3 
TL/F/9940-2 

Description 

Count Enable Input 
Clock Pulse Input 
Parallel Data Inputs 
Asynchronous Parallel Load Input 
Up/Down Count Control Input 
Flip-Flop Outputs 
Ripple Clock Output 
Terminal Count Output 
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Pin Assignment 
for DIP, Flatpak and SOIC 

P1 

o, 
Oo 
CE 

U/D 

02 

03 
GND 

o3 rn 
GND [Q] 
NC[!] 

P3~ 
P2 lill 

1 16 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

8 9 

Pin Assignment 
for LCC 

02 U/D NC CE 0o 
oo m [[] m rn 

li1! li]J Ii]] [Z] Ii]! 
PL TC NC RC CP 

Vee 
Po 
CP 

Rc 
TC 

PI 
P2 

P3 

TL/F/9940-3 

mo, 
[IJP1 
[I]NC 

~Vee 
!iIDPo 
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,.... 
en ,.... Functional Description 

The 'AC191 is a synchronous up/down counter. The 
'AC191 is organized as a 4-bit binary counter. It contains 
four edge-triggered flip-flops with internal gating and steer
ing logic to provide individual preset, count-up and count
down operations. 

Each circuit has an asynchronous parallel load capability 
permitting the counter to be preset to any desired number. 
When the Parallel Load (PL) input is LOW, information pres
ent on the Parallel Load inputs (P0-P3) is loaded into the 
counter and appears on the Q outputs. This operation over
rides the counting functions, as indicated in the Mode Se
lect Table. 

A HIGH signal on the CE input inhibits counting. When CE is 
LOW, internal state changes are initiated synchronously by 
the LOW-to-HIGH transition of the clock input. The direction 
of counting is determined by the DID input signal, as indi
cated in the Mode Select Table. CE and DID can be 
changed with the clock in either state, provided only that the 
recommended setup and hold times are observed. 

Two types of outputs are provided as overflow/underflow 
indicators. The terminal count (TC) output is normally LOW. 
It goes HIGH when the circuits reach zero in the count down 
mode or 15 in the count up mode. The TC output will then 
remain HIGH until a state change occurs, whether by count
ing or presetting or until DID is changed. The TC output 
should not be used as a clock signal because it is subject to 
decoding spikes. 

The TC signal is also used internally to enable the Ripple 
Clock (RC) output. The RC output is normally HIGH. When 
CE is LOW and TC is HIGH, RC output wil go LOW when the 
clock next goes LOW and will stay LOW until the clock goes 
HIGH again. This feature simplifies the design of multistage 
counters, as indicated in Figures A and 8. In Figure A, each 
RC output is used as the clock input for the next higher 
stage. This configuration is particularly advantageous when 
the clock source has a limited drive capability, since it drives 
only the first stage. To prevent counting in all stages it is 
only necessary to inhibit the first stage, since a HIGH signal 
on CE inhibits the RC output pulse, as indicated in the RC 
Truth Table. A disadvantage of this configuration, in some 
applications, is the timing skew between state changes in 
the first and last stages. This represents the cumulative de
lay of the clock as it ripples through the preceding stages. 

A method of causing state changes to occur simultaneously 
in all stages is shown in Figure 8. All clock inputs are driven 
in parallel and the RC outputs propagate the carry/borrow 
signals in ripple fashion. In this configuration the LOW state 
duration of the clock must be long enough to allow the neg
ative-going edge of the carry/borrow signal to ripple through 
to the last stage before the clock goes HIGH. There is no 
such restriction on the HIGH state duration of the clock, 
since the RC output of any device goes HIGH shortly after 
its CP input goes HIGH. 

The configuration shown in Figure C avoids ripple delays 
and their associated restrictions. The CE input for a given 
stage is formed by combining the TC signals from all the 
preceding stages. Note that in order to inhibit counting an 
enable signal must be included in each carry gate. The sim
ple inhibit scheme of Figures A and 8 doesn't apply, be
cause the TC output of a given stage is not affected by its 
own CE. 
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Mode Select Table 

Inputs 

PL CE U/D 

H L L 
H L H 
L x x 
H H x 

RC Truth Table 
Inputs 

PL CE TC* 

H L 
H H 
H x 
L x 

•re is generated internally 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
.../" = LOW-to-HIGH Transition 

State Diagram 

H 
x 
L 
x 

Mode 
CP 

....r Count Up 

....r Count Down 
x Preset (Asyn.) 
x No Change (Hold) 

Outputs 

CP RC 

L.J L.J 
x H 
x H 
x H 

COUNTUP
COUNT DOWN· - • 

TL/F/9940-5 



Functional Description (Continued) 

DIRECTION 
CONTROL----------------------

0/D RC 0/D RC iJ/D RC 

ENABLE CE 

CLOCK CP 

FIGURE A. N-Stage Counter Using Ripple Clock 

DIRECTION 
CONTROL---41---------e-------.... -----

0/D 

CE 

CP 

RC iJ/D 

CE 

CP 

RC iJ/D RC 

CE 

CP 

CLOCK---4------------------------

FIGU RE B. Synchronous N-Stage Counter Using Ripple Carry/Borrow 

TL/F/9940-7 

TL/F/9940-6 

DIRECTION 
CONTROL-----411------------t.,_---------t.,_-----

ENABLE ---41-----t------e---"'"'"""li-----------"'"'"""lt-------

0/D 

CE 

C? TC 

0/D 

CE 

iJ/D 

CE 

CP 

FIGURE C. Synchronous N-Stage Counter with Parallel Gated Carry/Borrow 

4-121 

TC 

TL/F/9940-9 

...... 
(Q ...... 



.... 
O> .... Logic Diagram 

CP U D Po 

TL/F/9940-6 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
v, = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGNo) 

Storage Temperature (T STG) 

-20mA 
+20mA 

-0.5V to Vee+ 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

- 65°C to + 15o·c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, output/input loading variables. National does not recommend 
operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vee® 3.0V 
Vcc ® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vcc ® 4.5V 
Vee® 5.5V 

2.0Vto6.0V 

OVtoVcc 

OVtoVcc 

-40°cto +85°c 
- 55°C to + 125•c 

175·c 
14o•c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 

Symbol Parameter 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Leakage Current 

Vee 
(V) 

3.0 
4.5 
5.5 

3.0 
4.5 
5.5 

3.0 
4.5 
5.5 

3.0 
4.5 
5.5 

3.0 
4.5 
5.5 

3.0 
4.5 
5.5 

5.5 

74AC 

TA= +25°C 

Typ 

1.5 2.1 
2.25 3.15 
2.75 3.85 

1.5 0.9 
2.25 1.35 
2.75 1.65 

2.99 2.9 
4.49 4.4 
5.49 5.4 

2.56 
3.86 
4.86 

0.002 0.1 
0.001 0.1 
0.001 0.1 

0.36 
0.36 
0.36 

±0.1 

54AC 

TA= 
-ss·c to+ 12s0 c 

74AC 

TA= 
- 4o·c to + as·c 

Guaranteed Limits 

2.1 2.1 
3.15 ::l.1b 

3.85 3.85 

0.9 0.9 
1.35 1.35 
1.65 1.65 

2.9 2.9 
4.4 4.4 
5.4 5.4 

2.4 2.46 
3.7 3.76 
4.7 4.76 

0.1 0.1 
0.1 0.1 
0.1 0.1 

0.50 0.44 
0.50 0.44 

0.50 0.44 

±1.0 ±1.0 
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Units Conditions 

VouT = 0.1V 
v or Vee - O.iV 

VouT = 0.1V 
v orVcc - 0.1V 

louT = -50 µA 
v 

*V1N = V1L or V1H 
-12mA 

v loH -24mA 
-24mA 

louT = 50 µA 
v 

*V1N = V1L or V1H 
12mA 

v loL 24mA 
24mA 

µA 
V1 =Vee. GND 

...... 
<D ...... 

a 



DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) - ss·c to + 12s0 c - 4o•c to + as·c 

Typ Guaranteed Limits 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

VrN =Vee 
Supply Current orGND 

•AJI outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee· 
Ice for 54AC@ 25°C is identical to 74AC@ 25°C. 

AC Electrical Characteristics 
74AC 54AC 74AC 

Vee* TA= +2s0 c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter to+ 12s0 c to +as·c Units 

(V) CL= 50 pf 
CL= 50 pf CL= 50pf 

No. 

Min Typ Max Min Max Min Max 

fmax Maximum Count 3.3 70 105 55 65 
MHz 2-3 

Frequency 5.0 90 133 80 85 

tpLH Propagation Delay 3.3 2.0 8.5 15.0 1.0 16.5 1.5 16.0 
2-6 

CPtoOn 5.0 1.5 6.0 11.0 1.0 12.0 1.5 12.0 
ns 

tpHL Propagation Delay 3.3 2.5 8.5 14.5 1.0 16.0 2.0 16.0 
2-6 

CPtoOn 5.0 1.5 6.0 10.5 1.0 12.0 1.5 11.5 
ns 

tpLH Propagation Delay 3.3 3.5 10.5 18.0 1.0 19.5 2.5 20.0 
2-6 

CPtoTC 5.0 2.5 7.5 12.0 1.0 14.0 1.5 14.0 
ns 

tpHL Propagation Delay 3.3 4.0 10.5 17.5 1.0 19.0 3.0 19.0 
2-6 

CPtoTC 5.0 2.5 7.5 12.5 1.0 14.5 2.0 13.5 
ns 

tpLH Propagation Delay 3.3 2.5 7.5 12.0 1.0 14.0 2.0 13.5 
2-6 

CPto RC 5.0 2.0 5.5 9.5 1.0 10.5 1.0 10.5 
ns 

tpHL Propagation Delay 3.3 2.5 7.0 11.5 1.0 12.5 2.0 12.5 
2-6 

CPto RC 5.0 1.5 5.0 8.5 1.0 9.5 1.0 9.5 
ns 

tpLH Propagation Delay 3.3 2.5 7.0 12.0 1.0 14.0 1.5 13.5 
2-6 

CE to RC 5.0 1.5 5.0 8.5 1.0 10.0 1.0 9.5 
ns 

tPHL Propagation Delay 3.3 2.0 6.5 11.0 1.0 12.5 1.5 12.5. 
2-6 

CE to RC 5.0 1.5 5.0 8.0 1.0 9.5 1.0 9.0 
ns 

tpLH Propagation Delay 3.3 2.5 6.5 12.5 1.0 14.5 2.0 14.5 
2-6 

O!Dto RC 5.0 1.5 5.0 9.0 1.0 11.0 1.0 10.0 
ns 

tpHL Propagation Delay 3.3 2.5 7.0 12.0 1.0 15.0 2.0 13.5 
2-6 

0/Dto RC 5.0 1.5 5.0 8.5 1.0 11.0 1.0 10.0 
ns 

tpLH Propagation Delay 3.3 2.0 7.0 11.5 1.0 14.0 1.5 13.5 
2-6 

U/DtoTC 5.0 1.5 5.0 8.5 1.0 13.5 1.0 9.5 
ns 

tpHL Propagation Delay 3.3 2.0 6.5 11.0 1.0 13.5 1.5 12.5 
2-6 

U/DtoTC 5.0 1.5 5.0 8.5 1.0 10.0 1.0 9.5 
ns 

tpLH Propagation Delay 3.3 2.5 8.0 13.5 1.0 16.5 2.0 15.5 
2-6 

Pn to On 5.0 2.0 5.5 9.5 1.0 11.5 1.0 10.5 
ns 
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AC Electrical Characteristics (Continued) 

74AC 54AC 74AC 

Vee• TA= +25°C 
TA= -55°C TA= -40°c 

Symbol Parameter to +125°C to +85°C 
(V) CL= 50 pf 

CL= 50pF CL= 50pF 

Min Typ Max Min Max Min Max 

tPHL Propagation Delay 3.3 2.5 7.5 13.0 1.0 15.5 1.5 14.5 
Pn to On 5.0 1.5 5.5 9.5 1.0 10.5 1.0 10.5 

tPLH Propagation Delay 3.3 3.5 9.5 14.5 1.0 18.0 2.5 17.5 
PL to On 5.0 2.0 5.5 9.5 1.0 12.5 1.0 10.5 

tPHL Propagation Delay 3.3 3.0 8.0 13.5 1.0 15.5 2.0 15.5 
PL to On 5.0 2.0 6.0 10.0 1.0 11.5 1.5 11.0 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements 
74AC 54AC 74AC 

Vee• TA= +25°C 
TA= -55°C TA= -40°c 

Symbol Parameter 
(V) CL= 50pF 

to + 125°C to +B5°C 
CL= 50pF CL= 50pF 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 3.3 1.0 3.0 4.0 3.0 
Pn to PL 5.0 0.5 2.0 3.0 2.5 

th Hold Time, HIGH or LOW 3.3 -1.5 0.5 1.5 1.0 
Pn to PL 5.0 -0.5 1.0 2.0 1.0 

ts Setup Time, LOW 3.3 3.0 6.0 9.0 7.0 
CEtoCP 5.0 1.5 4.0 6.0 4.5 

th Hold Time, LOW 3.3 -4.0 -0.5 0 -0.5 
CE to CP 5.0 -2.5 0 0.5 0 

ts Setup Time, HIGH or LOW 3.3 4.0 8.0 . 10.5 9.0 
U/DtoCP 5.0 2.5 5.5 7.5 6.5 

th Hold Time, HIGH or LOW 3.3 -5.0 0 0 0 
U/DtoCP 5.0 -3.0 0.5 1.0 0.5 

tw PL Pulse Width, LOW 3.3 2.0 3.5 5.0 4.0 
5.0 1.0 1.0 5.0 1.0 

tw CP Pulse Width, LOW 3.3 2.0 3.5 6.0 4.0 
5.0 2.0 3.0 6.0 4.0 

tree Recovery Time 3.3 -0.5 0 1.5 0 
PL toCP 5.0 -1.0 0 1.0 0 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation 
75.0 pF 

Vee= 5.ov 
Capacitance 
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Units 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Fig. 
No. 

2-6 

2-6 

2-6 

Fig. 
No. 

2-9 

2-9 

2-9 

2-9 

2-9 

2-9 

2-6 

2-6 
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"' ~National 
~Semiconductor 

54AC/74AC240 • 54ACT/74ACT240 
Octal Buffer/Line Driver with TRI-STATE® Outputs 

General Description 
The 'AC/' ACT240 is an octal buffer and line driver designed 

·to be employed as a memory address driver, clock driver 
and bus oriented transmitter or receiver which provides im
proved PC board density. 

Ordering Code: see section 5 

Logic Symbol 

Features 
• Inverting TRI-STATE outputs drive bus lines or buffer 

memory address registers 
• Outputs source/sink 24 mA 
• 'ACT2~~ -~as_ TTL-compatible inputs 

Connection Diagrams 

IEEE/I EC Pin Assignment Pin Assignment 

fil1 

lo 
11 

12 

13 

fil2 

14 

15 

Is 
17 

Pin Names 

OE1,0E2 
lo-17 
Oo-01 

for DIP, Flatpak and SOIC 

fil1 

Oo lo 

01 04 

02 11 

03 05 

12 

Os 
13 

04 
07 

05 
GND 

05 

07 

TL/F/9941-1 

Description 

TRI-STATE Output Enable Inputs 
Inputs 
Outputs 

20 

19 
Vee 

0E2 
18 

<>o 
17 

14 
16 

01 
15 

15· 
14 

02 
13 

12 
Is 

11 
03 

17 

TL/F/9941-2 

Truth Tables 
Inputs 

OE1 

L 
L 
H 

Inputs 

OE2 

L 
L 
H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
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for LCC and PCC 

13 Os 12 65 11 
rn m rnJ rn rn 

0700 [IJ04 
GND [Q] rn10 

17 [j] 0Jfil1 
03ffl! @JVcc 
ls Ii] lifil fil2 

li3J~~[Z]li]] 
o2 15 61 14 60 

TL/F/9941-3 

Outputs 
D (Pins 12, 14, 16, 18) 

L H 
H L 
x z 

Outputs 
D (Pins 3, 5, 7, 9) 

L H 
H L 
x z 



Absolute Maximum Rating (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (Vi) 

DC Output Diode Current UoK) 
Vo= -0.5V 
Vo = Vee + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T srn) 

-20mA 
+20mA 

-0.5V to Vee+ o.5V 

-20mA 
+20mA 

-0.5V to to Vee+ 0.5V 

±50mA 

±50mA 

- 65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 

. (Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vce ® 3.0V 
Vec ® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vcc ® 4.5V 
Vee® 5.5V 

2.0Vto6.0V 
4.5Vto 5.5V 

OVtoVee 

ovtoVee 

- 40°C to + 85°C 
- 55°C to + 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Vee TA= TA= 
Symbol Parameter 

(V) 
TA= +25°C 

-55°C to+ 125°C - 40°C to + 85°C 
Units Conditions 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = o.1v 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVee - o.1v 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 =Vee. GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices ccontinued> 

74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +2s0 c 

TA= TA= 
Units Conditions 

(V) -ss·c to+ 12s0 c - 4o•c to + ss·c 

Typ Guaranteed Limits 

loz Maximum TRI-STATE V1 (OE) = VIL• V1H 
Leakage Current 5.5 ±0.5 ±10.0 ±5.0 µA V1 = Vcc.GND 

Vo= Vcc.GND 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: liN and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee. 
Ice for 54AC@ 2s·c is identical to 74AC@ 2s•c. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) - ss·c to + 12s0 c - 4o•c to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 v Vour = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 v Vour = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vee - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 v lour= -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 v loH 

-24mA 

5.5 4.86 4.70 4.76 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 v lour= 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 v loL 

24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

v, = Vcc.GND 
Leakage Current 

loz Maximum TRI-STATE 
5.5 ±0.5 ±10.0 ±5.0 µA 

V1 =VIL• V1H 
Leakage Current Vo= Vcc.GND 

leer Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1V 
Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACr@ 2s•c is identical to 74ACT@ 2s•c. 
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AC Electrical Characteristics 
74AC 54AC 74AC 

Vee* TA= +25°C 
TA= -55°C TA= -4o·c 

Fig. 
Symbol Parameter 

(V) CL= 50 pf 
to+ 125•c to +85°C Units 

No. 
CL= 50pf CL= 50pf 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 3.3 1.5 6.0 8.0 1.0 11.0 1.0 9.0 
2-5 

Data to Output 5.0 1.5 4.5 6.5 1.0 8.5 1.0 7.0 
ns 

tPHL Propagation Delay 3.3 1.5 5.5 8.0 1.0 10.5 1.0 8.5 
2-5 

Data to Output 5.0 1.5 4.5 6.0 1.0 8.0 1.0 6.5 
ns 

tpzH Output Enable Time 3.3 1.5 6.0 10.5 1.0 11.5 1.0 11.0 
2-7 

5.0 1.5 5.0 7.0 1.0 9.0 1.0 8.0 
ns 

tpzL Output Enable Time 3.3 1.5 7.0 10.0 1.0 13.0 1.0 11.0 
2-8 

5.0 1.5 5.5 8.0 1.0 10.5 1.0 8.5 
ns 

tpHz Output Disable Time 3.3 1.5 7.0 10.0 1.0 12.5 1.0 10.5 
2-7 

5.0 1.5 6.5 9.0 1.0 10.5 1.0 9.5 
ns 

tpLZ Output Disable Time 3.3 1.5 7.5 10.5 1.0 13.5 1.0 11.5 
2-8 

5.0 1.5 6.5 9.0 1.0 11.0 1.0 9.5 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
•voltage Range 5.0 is 5.0V ±0.5V 

AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee* TA= +25°C 
TA= -55°c TA= -40°c 

Fig. 
Symbol Parameter to+ 125°C to +85°C Units 

{V) CL= 50pf 
CL= 50 pf CL= 50 pf 

No. 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 
5.0 1.5 6.0 8.5 1.0 9.5 1.5 9.5 ns 2-5 

Data to Output 

tpHL Propagation Delay 
5.0 1.5 5.5 7.5 1.0 9.0 1.5 8.5 ns 2-5 

Data to Output 
~ ..... _ . -·. 

tpzH Output Enable Time 5.0 1.5 7.0 8.5 1.0 10.0 1.0 9.5 ns 2-7 

tpzL Output Enable Time 5.0 2.0 7.0 9.5 1.0 11.5 1.5 10.5 ns 2-8 

tpHz Output Disable Time 5.0 2.0 8.0 9.5 1.0 11.0 2.0 10.5 ns 2-7 

tpLz Output Disable Time 5.0 2.5 6.5 10.0 1.0 11.5 2.0 10.5 ns 2-8 

•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 

Cpo Power Dissipation 
45.0 pF Vee= 5.ov 

Capacitance 

II 
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54AC/74AC241•54ACT/74ACT241 
Octal Buffer/Line Driver with TRI-STATE® Outputs 

General Description 
The 'AC/'ACT241 is an octal buffer and line driver designed 
to be employed as a memory address driver, clock driver 
and bus-oriented transmitter or receiver which provides im
proved PC board density. 

Ordering Code: See section 5 

Logic Symbol 

Features 
• Non-inverting TRI-STATE outputs drive bus lines or 

buffer memory address registers 
• Outputs source/sink 24 mA 
• 'ACT241 has TTL-compatible inputs 

Connection Diagrams 

IEEE/I EC Pin Assignment Pin Assignment 

Pin 
Names 

OE1, 
OE2 
lo-11 
Oo-01 

for DIP, Flatpak and SOIC 

Of1 

lo 

04 

11 

05 

12 

Os 

13 

07 
GND 

TL/F/9942-2 

Description 

TRI-STATE Output Enable Input 
TRI-STATE Output Enable Input (Active HIGH) 
Inputs 
Outputs 

20 

19 
Vee 

18 
OE2 

Oo 
17 

16 
14 

15 
01 

14 
15 

13 
02 

12 
Is 

11 
03 

17 

TL/F /9942-1 

Truth Tables 
Inputs 

OE1 

L 
L 
H 

Inputs 

OE2 

H 
H 
L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
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L L 
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Outputs 
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L L 
H H 
x z 



Absolute Maximum Rating (Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to+ 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + o.5V 

DC Input Voltage (Vi) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + o.sv 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T sTG) 

-20mA 
+20mA 

-0.5VtoVcc + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee+ 0.5V 

±50mA 

±50mA 

- 65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. tf) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vee® 3.0V 
Vcc ® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr. tt) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.BV to 2.0V, Vmeas 
from O.BV to 2.0V 
Vcc ® 4.5V 
Vee@ 5.5V 

2.0Vto 6.0V 
4.5V to 5.5V 

OVtoVcc 

ov to Vee 

- 40°C to + 85°C 
- 55°C to + 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +25°C 

TA= TA= 
Units Conditions 

(V) -55°C to+ 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = O.lV 

Input Voltage 4.5 2.25 3.15 3.15 3.15 v orVcc - o.1v 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 

4.5 3.86 3.7 3.76 v loH -24mA 

5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 

4.5 0.36 0.50 0.44 v loL 24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

v, = Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices ccontinued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°c 
TA= TA=' 

Units Conditions 
(V) - ss·c to + 12s·c - 4o•c to + ss·c 

Typ Guaranteed Limits 

loz Maximum TRI-STATE V1 (OE) = V1L. V1H 
Leakage Current 5.5 ±0.5 ±10.0 ±5.0 µA V1 =Vee. GND 

Vo= Vcc.GND 

lo LO tMinimum Dynamic 5.5 50 75 mA VoLO = 1.65V Max 

lo HD 
Output Current 5.5 -50 -75 mA VoHO = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: liN and Ice@ 3.0V are guaranteed to be less than or equal to the respective limit@ 5.5V Vee· 
Ice for 54AC@ 25°C is identical to 74AC@ 25'C. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) -ss·c to+ 12s·c - 4o·c to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 v Vour = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 orVcc - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 v Vour = o.1v 
Input Voltage 5.5 1.5 0.8 0.8 0.8 orVcc - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 v lour= -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 v loH 

-24mA 
5.5 4.86 4.70 4.76 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 v lour= 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 v loL 

24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA V1 =Vee. GND 

Leakage Current 

loz Maximum TRI-STATE 
5.5 ±0.5 ±10.0 ±5.0 µA V1 =VIL• V1H 

Leakage Current Vo= Vcc.GND 

leer Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1V 
Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 mA VoLo = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHo = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA V1N =Vee 

Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT ® 2s•c is identical to 74ACT ® 2s•c. 
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AC Electrical Characteristics 
74AC 54AC 74AC 

Vee• TA= +2s0 c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter to +125°C to +as·c Units (V) CL= 50pF 

CL= 50pF CL= 50pF 
No. 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 3.3 1.5 6.0 9.0 1.0 12.0 1.5 10.0 
2-5 

Data to Output 5.0 1.5 5.0 7.0 1.0 9.5 1.0 7.5 
ns 

tPHL Propagation Delay 3.3 1.5 6.0 9.0 1.0 11.5 1.0 10.5 
2-5 

Data to Output 5.0 1.5 4.5 7.0 1.0 9.0 1.0 7.5 
ns 

tpzH Output Enable Time 3.3 1.5 6.5 12.5 1.0 13.0 1.0 13.0 
2-7 

5.0 1.5 5.5 9.0 1.0 10.0 1.0 9.5 
ns 

tpzL Output Enable Time 3.3 1.5 7.0 12.0 1.0 13.0 1.5 13.0 
2-8 

5.0 1.5 5.5 9.0 1.0 10.0 1.0 9.5 
ns 

tpHz Output Disable Time 3.3 2.0 8.0 12.0 1.0 13.0 2.0 12.5 
2-7 

5.0 1.5 6.5 10.0 1.0 11.5 1.0 10.5 
ns 

tpLZ Output Disable Time 3.3 1.5 7.0 12.5 1.0 13.0 1.0 13.5 
2-8 

5.0 1.5 6.0 10.0 1.0 11.5 1.0 10.5 
ns 

•voltage Range 3.3 is 3.3V ±3.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee* TA= +25°c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter to + 12s·c to +as·c Units (V) CL= 50pF 

CL= 50 pf CL= 50pF 
No. 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 
5.0 1.5 6.5 9.0 1.0 10.0 1.5 10.0 ns 2-5 

Data to Output 

tpHL Propagation Delay 
5.0 1.5 7.0 9.0 1.0 10.0 1.5 10.0 ns 2-5 

Data to Output 

tpzH Output Enable Time 5.0 1.5 6.0 9.0 1.0 11.5 1.0 10.0 ns 'i.-·1 

tpzL Output Enable Time 5.0 1.5 7.0 10.0 1.0 12.5 1.5 11.0 ns 2-8 

tpHz Output Disable Time 5.0 1.5 8.0 10.5 1.0 12.5 1.5 11.5 ns 2-7 

tpLZ Output Disable Time 5.0 2.0 7.0 10.5 1.0 12.5 1.5 11.5 ns 2-8 

•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation 
45.0 pF Vee= 5.ov 

Capacitance 
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54AC/74AC244 • 54ACT/74ACT244 
Octal Buffer/Line Driver with TRI-STATE® Outputs 

General Description Features 
The 'AC/'ACT244 is an octal buffer and line driver designed 
to be employed as a memory address driver, clock driver 
and bus-oriented transmitter/receiver which provides im
proved PC board density. 

• TRI-STATE outputs drive bus lines or buffer memory 
address registers 

• Outputs source/sink 24 mA 
• 'ACT244 has TTL-compatible inputs 

Ordering Code: see sections 

Logic Symbol Connection Diagrams 

IEEE/I EC Pin Assignment 

OE2 

Pin Names 

OE1, OE2 
lo-11 
Oo-01 

for DIP, Flatpak and SOIC 

20 
OE1-+--c----. 19 Vee 

lo .--<1:>--+--+--0E2 

04 

05 

05 

07 

TL/F/9943-1 

Description 

TRI-STATE Output Enable Inputs 
Inputs 
Outputs 

18 

TL/F/9943-2 

Truth Tables 
Inputs 

OE1 

L 
L 
H 

Inputs 

OE2 

L 
L 
H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
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17 [i] 
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15~ 

D 

L 
H 
x 
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13 05 12 05 11 
oo m rn rn rn 

li][j][i]llilJli]] 
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Outputs 

[I]04 

rn10 

IT10E1 
~Vee 
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TL/F /9943-3 

(Pins 12, 14, 16, 18) 

L 
H 
z 

Outputs 
(Pins 3, 5, 7, 9) 

L 
H 
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Absolute Maximum Rating (Note 1> 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.av 

DC Input Diode Current (l11<l 
V1 = -a.5V 
V1 = Vee + a.5V 

DC Input Voltage (Vi) 

DC Output Diode Current (loK) 
Vo= -a.5V 
Vo = Vee + a.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (Tsrn) 

-2amA 
+2amA 

-a.5V to Vee + a.5V 

-2amA 
+2amA 

-a.5V to to Vee + a.5V 

±5amA 

±5amA 

- 65°C to + 15a•c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (Vi) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. tf) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 3a% to 7a% of Vee 
Vee® 3.aV 
Vce@4.5V 
Vee@ 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from a.av to 2.aV, Vmeas 
from a.av to 2.av 
Vce ® 4.5V 
Vee@ 5.5V 

2.aVto 6.av 
4.5V to 5.5V 

av to Vee 

av to Vee 

-4a0 c to + a5°C 
- 55°C to + 125°C 

115·c 
14a•c 

15a ns/V 
4a ns/V 
25 ns/V 

1a ns/V 
a ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions (V) - ss·c to + 12s0 c - 4o·c to + ss·c 

i"yp \iuaranieed Limiis 

V1H Minimum High Level 3.a 1.5 2.1 2.1 2.1 Vour = a.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v orVce - a.1V 

5.5 2.75 3.a5 3.a5 3.a5 

V1L Maximum Low Level 3.a 1.5 a.9 a.9 a.9 Vour = o.1v 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVcc - a.1v 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.a 2.99 2.9 2.9 2.9 lour= -5a µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.a 2.56 2.4 2.46 -12mA 
4.5 3.a6 3.7 3.76 v loH -24mA 
5.5 4.a6 4.7 4.76 -24mA 

VoL Maximum Low Level 3.a a.aa2 a.1 a.1 a.1 lour= 5a µA 
Output Voltage 4.5 a.aa1 a.1 a.1 a.1 v 

5.5 a.aa1 a.1 a.1 a.1 

*V1N = V1L or V1H 
3.a a.36 a.5a a.44 12mA 
4.5 a.36 a.5a a.44 v loL 24mA 
5.5 a.36 a.5a a.44 24mA 

l1N Maximum Input 
5.5 ±a.1 ±1.a ±1.a µA 

V1 =Vee. GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) -ss·c to+ 12s0 c - 40°c to + ss·c 

Typ Guaranteed Limits 

loz Maximum TRI-STATE® V1 (OE) = VIL• V1H 
Current 5.5 ±0.5 ±10.0 ±5.0 µ,A v, = Vee. VGND 

Vo= Vcc.GND 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µ,A 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice@ 3.0V are guaranteed to be less than or equal to the respective limit@ 5.5V Vee-

Ice for 54AC ® 25°C is identical to 74AC ® 2s·c. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee 
TA= +2s0 c 

TA= TA= 
Units Conditions 

(V) -ss·c to + 12s0 c - 4o·c to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 v VouT = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 orVcc - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 v VouT = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vee - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 v louT = - 50 µ,A 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 v loH 

-24mA 
5.5 4.86 4.70 4.76 -24mA 

Vol Maximum Low Level 4.5 0.001 0.1 0.1 0.1 v louT = 50 µ,A 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 v loL 

24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input Leakage Current 5.5 ±0.1 ±1.0 ±1.0 µ,A V1 = Vcc.GND 

loz Maximum TRI-STATE® 
5.5 ±0.5 ±10.0 ±5.0 µ,A 

V1 =VIL• V1H 
Current Vo= Vcc.GND 

lccT Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1V 
Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µ,A 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT ® 2s•c is identical to 7 4ACT ® 2s•c. 
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AC Electrical Characteristics 
74AC 54AC 74AC 

Vee• TA= +25°c 
TA= -55°c TA= -40°c 

Fig. 
Symbol Parameter 

(V) CL= 50 pf 
to+ 125•c to +a5°C Units 

No. 
CL= 50pF CL= 50pF 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 3.3 2.0 6.5 9.0 1.0 12.5 1.5 10.0 
2-5 

Data to Output 5.0 1.5 5.0 7.0 1.0 9.5 1.0 7.5 
ns 

tPHL Propagation Delay 3.3 2.0 6.5 9.0 1.0 12.0 2.0 10.0 
2-5 

Data to Output 5.0 1.5 5.0 7.0 1.0 9.0 1.0 7.5 
ns 

tpzH Output Enable Time 3.3 2.0 6.0 10.5 1.0 11.5 1.5 11.0 
2-7 

5.0 1.5 5.0 7.0 1.0 9.0 1.5 8.0 
ns 

tpzL Output Enable Time 3.3 2.5 7.5 10.0 1.0 13.0 2.0 11.0 
2-8 

5.0 1.5 5.5 8.0 1.0 10.5 1.5 8.5 
ns 

tpHz Output Disable Time 3.3 3.0 7.0 10.0 1.0 12.5 1.5 10.5 
2-7 

5.0 2.5 6.5 9.0 1.0 10.5 1.0 9.5 
ns 

tpLZ Output Disable Time 3.3 2.5 7.5 10.5 1.0 13.0 2.5 11.5 
2-8 

5.0 2.0 6.5 9.0 1.0 11.0 2.0 9.5 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee* TA= +25°c 
TA= -55°c TA= -40°c 

Fig. 
Symbol Parameter 

(V) CL= 50pF 
to+ 125·c to +85°C Units 

No. 
CL= 50pF CL= 50 pf 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 
5.0 2.0 6.5 9.0 1.0 10.0 1.5 10.0 ns 2-5 

Data to Output 

tPHL Propagation Delay 
5.0 2.0 7.0 9.0 1.0 10.0 1.5 10.0 ns 2-5 

D.'.?t.'.? to O!.!tp!.!t 

tpzH Output Enable Time 5.0 1.5 6.0 8.5 1.0 9.5 1.0 9.5 ns 2-7 

tpzL Output Enable Time 5.0 2.0 7.0 9.5 1.0 11.0 1.5 10.5 ns 2-8 

tpHz Output Disable Time 5.0 2.0 7.0 9.5 1.0 11.0 1.5 10.5 ns 2-7 

tpLZ Output Disable Time 5.0 2.5 7.5 10.0 1.0 11.5 2.0 10.5 ns 2-8 

•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation 
45.0 pF 

Vee= 5.0V 
Capacitance 
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~National 
~Semiconductor 

54AC/74AC245 • 54ACT/74ACT245 
Octal Bidirectional Transceiver 
with TRI-STATE® Inputs/Outputs 

General Description 
The 'AC/'ACT245 contains eight non-inverting bidirectional 
buffers with TRI-STATE outputs and is intended for bus-ori
ented applications. Current sinking capability is 24 mA at 
both the A and B ports. The Transmit/Receive (T /R) input 
determines the direction of data flow through the bidirec
tional transceiver. Transmit (active-HIGH) enables data 
from A ports to B ports; Receive (active-LOW) enables data 
from B ports to A ports. The Output Enable input, when 
HIGH, disables both A and B ports by placing them in a 
HIGH Z condition. 

Ordering Code: see Section 5 

Features 
• Noninverting buffers 
• Bidirectional data path 
• A and B outputs source/sink 24 mA 
• 'ACT245 has TTL-compatible inputs 

Logic Symbols Connection Diagrams 

OE 

TL/F/9944-1 

Pin 
Description Names 

OE Output Enable Input 
T/R Transmit/Receive Input 
Ao-A7 Side A TRI-STATE 

Inputs or TRI-STATE 
Outputs 

Bo-B1 Side B TRI-STATE 
Inputs or TRI-STATE 
Outputs 

Truth Table 
Inputs 

Outputs 
OE T/R 

L L Bus B Data to Bus A 
L H Bus A Data to Bus B 
H x HIGH-Z State 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

DE 
T/R 

IEEE/IEC 
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81 

82 

83 

84 

85 

85 

87 

TL/F/9944-2 

Pin Assignment 
for DIP, Flatpak and SOIC 

A1m 

Pin Assignment 
for LCC and PCC 

A6 As A4 A3 A2 

rn m m rn m 

TL/F/9944-3 

illA1 
GND [Q) 

87 [j] 
~~~taraw.: m Ao 

e6 1i1J ~l~~!-H-ffi~.ffij 
85 [!] 

lrnlifil@lillfifil 
84 83 B2 81 Bo 

DJ T/R 
Ii.QI Vee 
Im Of 

TL/F/9944-4 



Absolute Maximum Rating (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current OoK) 
Vo= -0.5V 
Vo = Vee + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGNo) 

Storage Temperature (T sTG) 

-20mA 
+20mA 

-0.5VtoVcc + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee+ 0.5V 

±50mA 

±50mA 

-65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vcc ® 3.0V 
Vee® 4.5V 
Vcc ® 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee @4.5V 
Vee® 5.5V 

2.0Vto6.0V 
4.5Vto 5.5V 

OVtoVcc 

OVtoVcc 

- 40°C to + 85°C 
- 55°C to + 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 

Symbol Parameter 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

VoH Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Leakage Current 

Vee 
(V) 

3.0 
4.5 
5.5 

3.0 
4.5 
5.5 

3.0 
4.5 
5.5 

3.0 
4.5 
5.5 

3.0 
4.5 
5.5 

3.0 
4.5 
5.5 

5.5 

74AC 

Typ 

1.5 2.1 
2.25 3.15 
2.75 3.85 

1.5 0.9 
2.25 1.35 
2.75 1.65 

2.99 2.9 
4.49 4.4 
5.49 5.4 

2.56 
3.86 
4.86 

0.002 0.1 
0.001 0.1 
0.001 0.1 

0.36 
0.36 
0.36 

±0.1 

54AC 

TA= 
-55°C to + 125°C 

74AC 

TA= 
- 40°C to + 85°C 

Guaranteed Limits 
--------·-

2.1 2.1 
3.15 3.15 
3.85 3.85 

0.9 0.9 
1.35 1.35 
1.65 1.65 

2.9 2.9 
4.4 4.4 
5.4 5.4 

2.4 2.46 
3.7 3.76 
4.7 4.76 

0.1 0.1 
0.1 0.1 
0.1 0.1 

0.50 0.44 
0.50 0.44 
0.50 0.44 

±1.0 ±1.0 
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Units Conditions 

Vour = o.1v 
v or Vee - 0.1V 

VouT = 0.1V 
v or Vee - 0.1V 

lour= -50 µA 
v 

*V1N = V1L or V1H 
-12mA 

v loH -24mA 
-24mA 

lour= 50 µA 
v 

*V1N = V1L or V1H 
12mA 

v loL 24mA 
24mA 

µA 
V1 =Vee. GND 

a 



DC Characteristics for 'AC Family Devices ccontinued) 

74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +2s0 c 

TA= TA= 
Units Conditions (V) -ss·c to+ 12s•c - 41l°C to + es·c 

Typ Guaranteed Limits 

lo LO tMinimum Dynamic 5.5 50 75 mA VoLo = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHO = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

loZT Maximuml/0 Vr(OE) = VIL• V1H 
Leakage Current 5.5 ±0.6 ±11.0 ±6.0 µA V1 = Vcc.GND 

Vo= Vee. GND 

•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: l1N and Ice@ 3.0V are guaranteed to be less than or equal to the respective limit@ 5.SV Vee-

Ice for 54AC@ 25°C is identical to 74AC@ 25'C. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee 
TA= +2s0 c 

TA= TA= 
Units Conditions (V) -ss·c to+ 12s·c -40°c to + es·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 v VouT = o.w 
Input Voltage 5.5 1.5 2.0 2.0 2.0 orVcc - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 v VouT = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vee - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 v louT = -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 v loH 

-24mA 
5.5 4.86 4.70 4.76 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 v louT = 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 v loL 

24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input Leakage Current 5.5 ±0.1 ±1.0 ±1.0 µA v, = Vcc.GND 

lccT Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1V 
Ice/Input 

loLo tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHo 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

loZT Maximum 1/0 V1 (OE) = VIL• V1H 
Leakage Current 5.5 ±0.6 ±11.0 ±6.0 µA V1 = Vcc.GND 

Vo= Vcc.GND 

•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Ice for 54ACT@ 25'C is identical to 74ACT@ 2s•c. 
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AC Electrical Characteristics 

Symbol Parameter 

tPLH Propagation Delay 
An to Bn or Bn to An 

tPHL Propagation Delay 
An to Bn or Bn to An 

tpzH Output Enable Time 

tpzL Output Enable Time 

tpHz Output Disable Time 

tpLZ Output Disable Time 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

Vee* 
(V) 

Min 

3.3 1.5 
5.0 1.5 

3.3 1.5 
5.0 1.5 

3.3 2.5 
5.0 1.5 

3.3 2.5 
5.0 1.5 

3.3 2.0 
5.0 1.5 

3.3 2.0 
5.0 1.5 

AC Electrical Characteristics 

Vee* Symbol Parameter (V) 

Min 

tpLH Propagation Delay 
5.0 1.5 

An to Bn or Bn to An 

tPHL Propagation Delay 
5.0 1.5 

An to Bn or Bn to An 

tpzH Output Enable Time 5.0 1.5 

tpzL Output Enable Time 5.0 1.5 

tpHz Output Disable Time 5.0 1.5 

tpLZ Output Disable Time 5.0 2.0 
•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 

C1N Input Capacitance 

C110 Input/Output 
Capacitance 

Cpo Power Dissipation 
Capacitance 

74AC 

TA= +25°C 
CL= SO pf 

Typ Max 

5.0 8.5 
3.5 6.5 

5.0 8.5 
3.5 6.0 

7.0 11.5 
5.0 8.5 

7.5 12.0 
5.5 9.0 

6.5 12.0 
5.5 9.0 

7.0 11.5 
5.5 9.0 

74ACT 

TA= +2s0 c 
CL= SO pf 

Typ Max 

4.0 7.5 

4.0 8.0 

5.0 10.0 

5.5 10.0 

5.5 10.0 

5.0 10.0 

AC/ACT 

Typ 

4.5 

15.0 

45.0 
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54AC 74AC 

TA= -ss·c TA= -40°C 
to+ 12s·c to +ss·c 
CL= SO pf CL= SO pf 

Min Max Min Max 

1.0 11.5 1.0 9.0 
1.0 8.5 1.0 7.0 

1.0 10.0 1.0 9.0 
1.0 7.5 1.0 7.0 

1.0 13.5 2.0 12.5 
1.0 10.0 1.0 9.0 

1.0 14.5 2.0 13.5 
1.0 10.5 1.0 9.5 

1.0 13.5 1.0 12.5 
1.0 10.5 1.0 10.0 

1.0 14.0 1.5 13.0 
1.0 10.5 1.0 10.0 

54ACT 74ACT 

TA= -ss·c TA= -40°c 
to + 12s·c to +ss·c 
CL= 50 pf CL= SO pf 

Min Max Min Max 

1.0 9.0 1.5 8.0 

1.0 10.0 1.0 9.0 

1.0 12.0 1.5 11.0 

1.0 13.0 1.5 12.0 

1.0 12.0 1.0 11.0 

1.0 12.0 1.5 11.0 

Units Conditions 

pF Vee= 5.0V 

pF 
Vee= 5.0V 

pF 
Vee= 5.ov 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

Fig. 
No. 

2-5 

2-5 

2-7 

2-8 

2-7 

2-8 

Fig. 
No. 

2-5 

2-5 

2-7 

2-8 

2-7 

2-8 

N 
.i:a. 
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~National 
D Semiconductor 
54AC/74AC251•54ACT/74ACT251 
8-lnput Multiplexer with TRI-STATE® Output 

General Description 
The 'AC/'ACT251 is a high-speed 8-input digital multiplexer. 
It provides, in one package, the ability to select one bit of 
data from up to eight sources. It can be used as universal 
function generator to generate any logic function of four 
variables. Both true and complementary outputs are provid
ed. 

Features 
• Multifunctional capability 
• On-chip select logic decoding 
• Inverting and noninverting TRI-STATE outputs 

. • Outputs source/sink 24 mA 
• 'ACT251 has TIL-compatible inputs 

Ordering Code: see sections 

Logic Symbols Connection Diagrams 

IEEE/I EC 

MUX 

So 
1o '1 lz 13 14 15 Is 17 Of EN 

S1 So 

: } •¥ Sz S1 

OE S2 

lo 0 

TL/F /9945-1 
11 1 

12 2 

13 3 

14 4 

15 5 

Is 6 

17 7 

Pin Names Description 

So-S2 Select Inputs 
OE TRI-STATE Output Enable Input 
lo-11 Multiplexer Inputs 
z TRI-STATE Multiplexer Output 
z Complementary TRI-STATE Multiplexer 

Output 
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v z 
v z 

TL/F/9945-2 

Pin Assignment 
for DIP, Flatpak and SOIC 

13 

12 

11 

lo 

z 
z 

OE 
GND 

C>Ern 
GND [QJ 

NC [i] 

S2 Im 
S1 ll]] 

1 16 

2 15 

3 14 

4 13 

5 12 

11 

7 10 

8 9 

Pin Assignment 
for LCC 

Z Z NC b 11 
rnJ ITmJ rn rn 

ilJ]IJ]][j]][lJ[j] 

So'7NCls~ 

Vee 
14 

15 

Is 

17 

So 

S1 

S2 

TL/F /9945-3 

rn12 
!Ill3 
[i]NC 

@!Vee 
l!fill4 

TL/F/9945-4 



Functional Description 
This device is a logical implementation of a single-pole, 
B-position switch with the switch position controlled by the 
state of three Select inputs, So, S1, S2. Both true and com
plementary outputs are provided. The Output Enable input 
(OE) is active LOW. When it is activated, the logic function 
provided at the output is: 

Z = OE • (lo •So • S1 • S2 + 11 • So • S1 • S2 + 
12 •So • S1 • S2 + 13 • S0 • S1 • S2 + 
14 •So • S1 • S2 + Is • So • 81 • S2 + 
Is •So • S1 • S2 + 17 • So • S1 • S2) 

When the Output Enable is HIGH, both outputs are in the 
high impedance (High Z) state. This feature allows multi
plexer expansion by tying the outputs of up to 128 devices 
together. When the outputs of the TRI-STATE devices are 
tied together, all but one device must be in the high imped
ance state to avoid high currents that would exceed the 
maximum ratings. The Output Enable signals should be de
signed to ensure there is no overlap in the active-LOW por
tion of the enable voltages. 

Logic Diagram 
lo 11 

S2 

S1 

So 

0£ 

Truth Table 
Inputs 

OE 52 

H x 
L L 
L L 
L L 
L L 
L H 
L H 
L H 
L H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 

12 13 14 

z z 

Outputs 

S1 So z z 
x x z z 
L L To lo 
L H T1 11 
H L T2 12 
H H Ts 13 
L L f4 14 
L H Ts 15 
H L Ts Is 
H H f7 17 

15 Is 17 

TL/F/9945-5 

Please note that this diagram Is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
v, = Vee + o.5V 

DC Input Voltage (Vi) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC V cc or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (Tsrn) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-0.5Vto to Vee+ 0.5V 

±50mA 

±50mA 

- 65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 2.0V to 6.0V 
'ACT 4.5V to 5.5V 

Input Voltage (Vi) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vcc ® 3.0V 
Vcc ® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time Ctr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from o.8V to 2.ov 
Vcc@4.5V 
Vee@ 5.5V 

OVtoVcc 

OVtoVcc 

-40°Cto +85°C 
- 55°C to + 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) -55°C to+ 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = o.1v 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v orVcc - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

·v,N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

v, = Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= TA= TA= 
(V) +25°C -55°C to+ 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

loz Maximum TRI-STATE® 
Current 5.5 ±0.5 ±10.0 ±5.0 

lo LO tMinimum Dynamic 5.5 50 75 

loHD 
Output Current 5.5 -50 -75 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 

Supply Current 

•An outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee. 
Ice for 54AC @ 25'C is identical to 7 4AC @ 25'C. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= TA= TA= 
(V) +25°C - 55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
Input Voltage 5.5 1.5 2.0 2.0 2.0 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
Input Voltage 5.5 1.5 0.8 0.8 0.8 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

~.5 3.86 3.70 3.76 
5.5 4.86 4.70 4.76 

Vol Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

4.5 0.36 0.50 0.44 
5.5 0.36 0.50 0.44 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 

Leakage Current 

loz Maximum TRI-ST ATE® 
5.5 ±0.5 ±10.0 ±5.0 

Current 

leer Maximum 
5.5 0.6 1.6 1.5 

Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 

loHD 
Output Current 5.5 -50 -75 

lee Maximum Quiescent 
5.5 8.0 160.0 80.0 

Supply Current 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACr @ 25'C is identical to 7 4ACr @ 25'C. 
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Units 

µA 

mA 

mA 

µA 

Units 

v 

v 

v 

\I 
v 

v 

v 

µA 

µA 

mA 

mA 

mA 

µA 

Conditions 

V1 (OE) = V1L. V1H 
v, = Vee. VGND 
Vo= Vee.GND 

VoLD = 1.65V Max 

VoHD = 3.85V Min 

V1N =Vee 
orGND 

Conditions 

Vour = o.1v 
or Vee - 0.1V 

Vour = o.1v 
or Vee - 0.1V 

lour= -50 µA 

•v1N = V1L or V1H 

:oi-i 
-24mA 
-24mA 

lour= 50 µA 

·v,N = V1L or V1H 

loL 
24mA 
24mA 

v, = Vec.GND 

V1 =VIL• V1H 
Vo= Vee. GND 

v 1 =Vee - 2.1V 

VoLD = 1.65V Max 

VoHD = 3.85V Min 

V1N =Vee 
orGND 

N 
U1 ...... 



.... 
LI) 
C'\I AC Electrical Characteristics 

Vee* Symbol Parameter 
(V) 

Min 

tpLH Propagation Delay 3.3 1.5 
Sn toZ or Z 5.0 1.5 

tpHL Propagation Delay 3.3 1.5 
Sn to Z orZ 5.0 1.5 

tPLH Propagation Delay 3.3 1.5 
In to Z or Z 5.0 1.5 

tPHL Propagation Delay 3.3 1.5 
In to Z or Z 5.0 1.5 

tpzH Output Enable Time 3.3 1.5 
OEtoZorZ 5.0 1.5 

tpzL Output Enable Time 3.3 1.5 
OE to Z orZ 5.0 1.5 

tpHz Output Disable Time 3.3 1.5 
OE to Z orZ 5.0 1.5 

tpLz Output Disable Time 3.3 1.5 
OE to Z orZ 5.0 1.5 

*Voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 

AC Electrical Characteristics 

Vee* Symbol Parameter 
(V) 

Min 

tPLH Propagation Delay 
5.0 2.5 

Sn to ZorZ 

tPHL Propagation Delay 
5.0 2.5 

Sn to Z or Z 

tPLH Propagation Delay 
5.0 2.5 

lntoZorZ 

tPHL Propagation Delay 
5.0 2.5 

In to Z or Z 

tpzH Output Enable Time 
5.0 1.5 

OE to Z orZ 

tpzL Output Enable Time 
5.0 1.5 

OEtoZorZ 

tpHz Output Disable Time 
5.0 2.0 

OE to Z orZ 

tpLz Output Disable Time 
5.0 3.0 

OE to Z orZ 

*Voltage Range 5.0 is 5.0V ±0.5V 

74AC 

TA= +25°C 
CL= 50 pf 

Typ Max 

11.5 17.5 
8.5 12.5 

11.0 17.5 
8.0 12.5 

10.0 14.0 
7.0 10.0 

9.0 14.0 
6.5 10.0 

7.5 11.0 
5.5 8.0 

7.5 11.0 
5.5 8.0 

8.5 11.5 
7.0 9.5 

7.0 11.0 
5.5 8.0 

74ACT 

TA= +25°C 
CL= 50 pf 

Typ Max 

7.0 15.5 

7.5 16.5 

5.5 12.0 

6.5 12.5 

5.0 8.5 

4.5 8.5 

6.0 12.0 

4.5 8.5 
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54AC 74AC 

TA= -55°C TA= -40°C 
Fig. 

to+ 125°C to +85°C Units 
CL= 50pf CL= 50 pf 

No. 

Min Max Min Max 

1.0 21.0 1.5 19.0 
2-6 

1.0 15.5 1.5 13.5 
ns 

1.0 21.0 1.5 19.0 
2-6 

1.0 15.5 1.5 13.5 
ns 

1.0 17.0 1.5 15.5 
2-5 

1.0 12.0 1.5 11.0 
ns 

1.0 16.5 1.5 15.5 
2-5 

1.0 12.0 1.5 11.0 
ns 

1.0 13.0 1.5 12.0 
2-7 

1.0 10.0 1.5 9.0 
ns 

1.0 13.0 1.5 12.0 
2-8 

1.0 10.0 1.5 9.0 
ns 

3.5 14.0 1.5 13.0 
2-7 

2.5 11.0 1.5 10.0 
ns 

4.0 13.0 1.5 12.0 
2-8 

3.0 10.0 1.5 8.5 
ns 

54ACT 74ACT 

TA= -55°C TA= -40°C 
Fig. 

to + 125°C to +85°C Units 
CL= 50pf CL= 50 pf 

No. 

Min Max Min Max 

1.0 18.5 2.0 17.0 ns 2-6 

1.0 19.5 2.5 18.5 ns 2-6 

1.0 14.0 2.0 13.0 ns 2-5 

1.0 15.0 2.5 14.0 ns 2-5 

1.0 10.0 1.5 9.0 ns 2-7 

1.0 10.0 1.5 9.5 ns 2-8 

1.0 13.5 2.0 13.0 ns 2-7 

1.0 9.5 3.0 9.0 ns 2-8 



Capacitance 

Symbol Parameter 
AC/ACT 

Typ 

C1N Input Capacitance 4.5 

Cpo Power Dissipation 
70.0 

Capacitance 

units 

pF 

pF 
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Conditions 

Vee= 5.ov 

Vee= 5.ov 

N 
(J1 ..... 
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54AC/74AC253 • 54ACT/74ACT253 
Dual 4-lnput Multiplexer with TRI-STATE® Outputs 

General Description 
The 'AC/'ACT253 is a dual 4-input multiplexer with TRI
STATE outputs. It can select two bits of data from four 
sources using common select inputs. The outputs may be 
individually switched to a high impedance state with a HIGH 
on the respective Output Enable (OE) inputs, allowing the 
outputs to interface directly with bus oriented systems. 

Ordering Code: see sections 

Features 
• Multifunction capability 
• Noninverting TRI-STATE outputs 
• Outputs source/sink 24 mA 
• 'ACT253 has TTL-compatible inputs 

Logic Symbols Connection Diagrams 

OEa 1oa l1a 12a 13a lob l1b l2b l3b 

So So 

s, s, 
OEb 

O'Ea EN 

TL/F/9946-1 loa 0 

l1a 1 

l2a 2 

13a 3 

O'Eb 

lob 

l1b 

l2b 

l3b 

Pin Names Description 

loa-laa Side A Data Inputs 

lob-lab Side B Data Inputs 
So,S1 Common Select Inputs 
OEa Side A Output Enable Input 
OEb Side B Output Enable Input 
Za.Zb TRI-STATE Outputs 

IEEE/I EC 

MUX 

v Za 

zb 

TL/F/9946-2 
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Pin Assignment 
for DIP, Flatpak and SOIC 

O'Ea 1 16 Vee 
s, 2 15 O'Eb 

13a 3 14 So 

l2a 4 13 l3b 

l1a 5 12 l2b 

loa 6 11 l1b 

Za 7 10 lob 

GND 8 9 zb 

TL/F /9946-3 

Pin Assignment 
for LCC 

loa l1a NC l2a 13a 
rn:rn:rn:rn:m:i 

Za [[) rns1 
GND [QI IIIO'Ea 

NC [i] [I]NC 

zb llil @!Vee 
lob~ UIDO'Eb 

Ii] §[j]J lilJ[j]J 

l1b l2b NC l3b So 

TL/F /9946-4 



Functional Description 
The 'AC/'ACT253 contains two identical 4-input multiplex
ers with TRI-STATE outputs. They select two bits from four 
sources selected by common Select inputs (So, S1 ). The 4-
input multiplexers have individual Output Enable (OEa, OEb) 
inputs which, when HIGH, force the outputs to a high imped
ance (High Z) state. This device is the logic implementation 
of a 2-pole, 4-position switch, where the position of the 
switch is determined by the logic levels supplied to the two 
select inputs. The logic equations for the outputs are shown: 

Truth Table 
Select 

Data Inputs 
Inputs 

So S1 lo 11 12 13 

x x x x x x 
L L L x x x 
L L H x x x 
H L x L x x 
H L x H x x 
L H x x L x 
L H x x H x 
H H x x x L 
H H x x x H 

Address Inputs 50 and 51 are common to both sections. 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 

Logic Diagram 

Output 
Enable 

OE 

H 
L 
L 
L 
L 
L 
L 
L 
L 

Za = OEa • (loa • S1 •So+ l1a • S1 •So+ 
l2a • S1 •So + Isa • S1 • So) 

Zb = OEb •(lob• S1 •So+ l1b • S1 •So+ 
l2b • S1 • So + l3b • S1 • So) 

If the outputs of TRI-STATE devices are tied together, all 
but one device must be in the high impedance state to avoid 
high currents that would exceed the maximum ratings. De
signers should ensure that Output Enable signals to TRI
STATE devices whose outputs are tied together are de
signed so that there is no overlap. 

Outputs 

z 
z 
L 
H 
L 
H 
L 
H 
L 
H 

TL/F/9946-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current OoK) 
Vo= -0.5V 
Vo = Vee + o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGNo) 

Storage Temperature (Tsm) 

-20mA 
+20mA 

-0.5V to Vee+ 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

- 65°C to + 150°c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 2.0Vto 6.0V 
'ACT 4.5V to 5.5V 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vee@ 3.0V 
Vcc ® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.ov 
Vcc® 4.5V 
Vee® 5.5V 

OVtoVcc 

OVtoVcc 

-40°c to +85°C 
- 55°C to + 125•c 

115•c 
14o•c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See Individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions {V) -ss·c to+ 12s·c -40°c to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = o.1v 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = o.1v 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVcc - o.1v 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 
U1 w 

74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +25°C 

TA= TA= 
Units Conditions {V) - 55°C to + 12s·c - 4o•c to + as·c 

Typ Guaranteed Limits 

loz Maximum TRI-STATE® V1 (OE) = VIL• V1H 
Current 5.5 ±0.5 ±10.0 ±5.0 µA V1 =Vee. GND 

Vo= Vcc.GND 

loLo tMinimum Dynamic 5.5 50 75 mA Volo= 1.65V Max 

loHo 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: l1N and Ice@ 3.0V are guaranteed to be less than or equal to the respective limit@ 5.5V Vee· 

Ice for 54AC@ 2s·c is Identical to 74AC ® 2s·c. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee 
TA= +25°C 

TA= TA= 
Units Conditions {V) -55°C to + 12s·c -40°c to +as·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 v Vour = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 v Vour = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 orVcc - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 v lour= -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

•v1N = V1L or V1H 
4.5 3.86 3.70 3.76 v loH 

-24mA 

5.5 4.86 4.70 4./6 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

lour= 50µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

•v1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA V1 = Vcc.GND 

Leakage Current 

loz Maximum TRI-STATE® 
5.5 ±0.5 ±10.0 ±5.0 µA 

V1 =VIL• V1H 
Current Vo= Vcc.GND 

leer Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1V 
Ice/Input 

loLo tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHo 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

v,N =Vee 
Supply Current orGND 

•Au outputs loaded; thresholds on input associated with output under test. a tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Ice for 54ACr @ 2s•c is identical to 7 4ACT @ 2s•c. 

4-151 



AC Electrical Characteristics 
74AC 54AC 74AC 

Vee* TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter to+ 125°C to +85°C Units (V) CL= 50pF 

CL= 50pF CL= 50pF 
No. 

Min Typ Max Min Max Min Max 

tpLH Propagation Delay 3.3 2.0 8.5 15.5 1.0 19.5 2.0 17.5 
2-6 

Sn to Zn 5.0 2.0 6.5 11.0 1.0 13.5 1.5 12.5 
ns 

tPHL Propagation Delay 3.3 2.5 9.5 16.0 1.0 20.0 2.0 18.0 
2-6 

Sn to Zn 5.0 2.0 7.0 11.5 1.0 15.0 1.5 13.0 
ns 

tPLH Propagation Delay 3.3 1.5 7.0 14.5 1.0 19.0 1.5 17.0 
2-5 

In to Zn 5.0 1.5 5.5 10.0 1.0 13.0 1.5 11.5 
ns 

tPHL Propagation Delay 3.3 2.0 7.5 13.0 1.0 16.0 1.5 15.0 
2-5 

In to Zn 5.0 1.5 5.5 9.5 1.0 12.0 1.5 11.0 
ns 

tpzH Output Enable Time 3.3 1.5 4.5 8.0 1.0 9.5 1.0 8.5 
2-7 

5.0 1.5 3.5 6.0 1.0 7.0 1.0 6.5 
ns 

tpzL Output Enable Time 3.3 1.5 5.0 8.0 1.0 10.0 1.0 9.0 
2-8 

5.0 1.5 3.5 6.0 1.0 7.5 1.0 7.0 
ns 

tpHz Output Disable Time 3.3 2.0 5.5 9.5 1.0 11.0 1.5 10.0 
2-7 

5.0 2.0 5.0 8.0 1.0 9.5 1.5 8.5 
ns 

tpLz Output Disable Time 3.3 1.5 5.0 8.0 1.0 9.5 1.0 9.0 
2-8 

5.0 1.5 4.0 7.0 1.0 8.0 1.0 7.5 
ns 

*Voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 

AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee* TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter (V) CL= 50pF 

to+ 125°C to +ss0 c Units 
No. 

CL= SOpF CL= SOpF 

Min Typ Max Min Max Min Max 

tpLH Propagation Delay 
5.0 2.0 7.0 11.5 1.0 14.5 2.0 13.0 ns 2-6 

Sn to Zn 

tPHL Propagation Delay 
5.0 3.0 7.5 13.0 1.0 16.0 2.5 14.5 ns 2-6 

Sn to Zn 

tPLH Propagation Delay 
5.0 2.5 5.5 10.0 1.0 12.0 2.0 11.0 ns 2-5 

In to Zn 

tPHL Propagation Delay . 
5.0 3.5 6.5 11.0 1.0 13.5 3.0 12.5 ns 2-5 

In to Zn 

tpzH Output Enable Time 5.0 2.0 4.5 7.5 1.0 9.5 1.5 8.5 ns 2-7 

tpzL Output Enable Time 5.0 2.0 5.0 8.0 1.0 9.5 1.5 9.0 ns 2-8 

tpHz Output Disable Time 5.0 3.0 6.0 9.5 1.0 11.0 2.5 10.0 ns 2-7 

tpLz Output Disable Time 5.0 2.5 4.5 7.5 1.0 9.0 2.0 8.5 ns 2-8 
•voltage Range 5.0 is 5.0V ± 0.5V 
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Capacitance 

Symbol Parameter 

C1N Input Capacitance 

Cpo Power Dissipation 
Capacitance 

AC/ACT 

Typ 

4.5 

50.0 
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Units 

pF 

pF 

Conditions 

Vee= 5.0V 

Vee= 5.ov 

N 
U1 
w 
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54AC/7 4AC257•54ACT /7 4ACT257 
Quad 2-lnput Multiplexer with TRI-STATE® Outputs 

General Description Features 
The 'AC/'ACT257 is a quad 2-input multiplexer with TRI
STA TE outputs. Four bits of data from two sources can be 
selected using a Common Data Select input. The four out
puts present the selected data in true (noninverted) form. 
The outputs may be switched to a high impedance state by 
placing a logic HIGH on the common Output Enable (OE) 
input, allowing the outputs to interface directly with bus-ori
ented systems. 

• Multiplexer expansion by tying outputs together 

Ordering Code: See Section 5 

Logic Symbols 

• Noninverting TRI-STATE outputs 
• Outputs source/sink 24 mA 
• 'ACT257 has TTL-compatible inputs 

Connection Diagrams 
Pin Assignment 

IEEE/I EC for DIP, Flatpak and SOIC 

OE 
EN 

Za zb Zc zd MUX t> 
loa 1 v Z11 

TL/F/9949-1 l1a 

lob 
zb 

l1b 

lod 
zd 

l1d 

loc 
Zc 

l1c 

TL/F/9949-2 

Pin Names Description 

s Common Data Select Input 
OE TRI-STATE Output Enable Input 
loa-lod Data Inputs from Source 0 
l1a-l1d Data Inputs from Source 1 
Za-Zd TRI-ST ATE Multiplexer Outputs 
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s 
1011 

1111 

Z11 

lob 

l1b 

zb 

GND 

zb [[) 
GND [QI 

NC !Ii] 

zd li1l 
l1d~ 

16 

15 

3 14 

4 13 

5 12 

11 

7 10 

8 9 

Pin Assignment 
for LCC 

l1b lob NC 2a 1111 
rn m []] rn [i] 

~[§]Ii]! li1Jli]) 
loci 2c NC l1c loc 

Yee 

OE 

loc 

l1c 

Zc 

lod 

l1d 

zd 

TL/F/9949-3 

1111011 
11] s 
O]NC 

@!Yee 
rim OE 

TL/F/9949-4 



Functional Description 
The 'AC/' ACT257 is quad 2-input multiplexer with TRI
STATE outputs. It selects four bits of data from two sources 
under control of a Common Data Select input. When the 
Select input is LOW, the lox inputs are selected and when 
Select is HIGH, the l1x inputs are selected. The data on the 
selected inputs appears at the outputs in true (noninverted) 
form. The device is the logic implementation of a 4-pole, 2-
position switch where the position of the switch is deter
mined by the logic levels supplied to the Select input. The 
logic equations for the outputs are shown below: 

Za = OE• (11a • S + loa • S) 

zb = OE•(11b•S + lob•S) 

Zc = OE• (11c • S + lac• S) 

zd = OE. (11d. s + lad. S) 

When the Output Enable (OE) is HIGH, the outputs are 
forced to a high impedance state. If the outputs are tied 
together, all but one device must be in the high impedance 
state to avoid high currents that would exceed the maxi-

Logic Diagram 

mum ratings. Designers should ensure the Output Enable 
signals to TRI-STATE devices whose outputs are tied to
gether are designed so there is no overlap. 

Truth Table 
Output Select 
Enable Input 

OE 

H 
L 
L 
L 
L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 

s 
x 
H 
H 
L 
L 

Data 
Outputs 

Inputs 

lo 11 z 
x x z 
x L L 
x H H 
L x L 
H x H 

TL/F/9949-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
v, = Vee+ 0.5V 

DC Input Voltage (Vi) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + 0.5V 

DC Output Voltage (Vo) 

DC Output Source or Sink Current (lo) 

DC Vee or Ground Current 
Per Output Pin (Ice or IGND) 

Storage Temperature (T sm) 

-20mA 
+20mA 

-0.5VtoVcc +0.5V 

-20mA 
+20mA 

-0.5V to V cc + 0.5V 

±50mA 

±50mA 

- 65°C to + 150°c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply. 
temperature, and output/input loading variables. National does not recom
mend operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 2.0V to 6.0V 
'ACT 4.5V to 5.5V 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70%, Vee 
Vee® 3.ov 
Vcc ® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vcc ® 4.5V 
Vee® 5.5V 

OVtoVcc 

OVtoVcc 

- 40°c to + 85°C 
- 55°C to + 125·c 

175•c 
14o·c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +2s0 c 

TA= TA= 
Units Conditions 

(V) -ss·c to + 12s0 c - 4o·c to + es·c 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = o.1v 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v orVcc - 0.1V 

5.5 2.75 3.85 3.85 3.85 

VrL Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*VrN = v,L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

Vm Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= TA= TA= 
(V) +2s0 c -ss0 c to + 12s0 c - 40°C to + as0 c 

Typ Guaranteed Limits 

loz Maximum TRI-STATE 
Leakage Current 5.5 ±0.5 ±10.0 ±5.0 

loLD tMinimum Dynamic 5.5 50 75 

loHD 
Output Current 5.5 -50 -75 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 

Supply Current 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: 11N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee· 
Ice for 54AC @ 25'C is identical to 7 4AC @ 25'C. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

(V) -ss0 c to+ 12s0 c - 40°C to + as·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
Input Voltage 5.5 1.5 2.0 2.0 2.0 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
Input Voltage 5.5 1.5 0.8 0.8 0.8 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

4.5 3.86 3.70 3.76 
5.5 4.86 4.70 4.76 

Vol Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

4.5 0.36 0.50 0.44 
5.5 0.36 0.50 0.44 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 

Leakage Current 

loz Maximum TRI-STATE 
5.5 ±0.5 ±10.0 ±5.0 

Leakage Current 

lccT Maximum 
5.5 0.6 1.6 1.5 

Ice/Input 

IOLD tMinimum Dynamic 5.5 50 75 

IOHD 
Output Current 5.5 -50 -75 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 

Supply Current 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT @ 25'C is identical to 7 4ACT ® 25'C. 
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Units 

µA 

mA 

mA 

µA 

Units 

v 

v 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 

µA 

Conditions 

V1 (OE) = VIL• V1H 
V1 =Vee. GND 
Vo= Vcc,GND 

VoLo = 1.65V Max 

VoHD = 3.85V Min 

V1N =Vee 
orGND 

Conditions 

VouT = 0.1V 
or Vee - 0.1V 

VouT = 0.1V 
orVcc - 0.1V 

louT = -50 µA 

*V1N = V1L or V1H 

loH 
-24mA 
-24mA 

louT = 50 µA 

*V1N = V1L or V1H 

loL 
24mA 
24mA 

V1 = Vcc,GND 

V1 =VIL• V1H 
Vo= Vee. GND 

V1 =Vee - 2.1V 

VOLD= 1.65V Max 

VoHD = 3.85V Min 

V1N =Vee 
orGND 

I\) 
U1 
...... 



AC Electrical Characteristics 
74AC 54AC 74AC 

Symbol Parameter Vee• 
TA= +25°C 

TA= -55°C TA= -40°C Units Fig. 
(V) to+ 125°C to +85°C No. 

CL= 50 pf 
CL= 50pF CL= 50pF 

tPLH 
Propagation Delay 3.3 1.5 5.0 8.5 1.0 11.0 1.0 9.0 

2-6 
In to Zn 5.0 1.5 4.0 6.0 1.0 8.0 1.0 7.0 

ns 

tPHL 
Propagation Delay 3.3 1.5 6.0 8.5 1.0 11.0 1.0 9.0 

2-6 
In to Zn 5.0 1.5 4.5 6.0 1.0 8.5 1.0 7.0 

ns 

tPLH 
Propagation Delay 3.3 1.5 7.0 10.5 1.0 14.5 1.5 11.5 

2-6 
StoZn 5.0 1.5 5.0 7.5 1.0 11.0 1.0 8.5 

ns 

tPHL 
Propagation Delay 3.3 1.5 7.5 10.5 1.0 14.5 1.5 11.5 

2-6 
StoZn 5.0 1.5 5.5 7.5 1.0 11.0 1.0 8.5 

ns 

tpzH Output Enable Time 
3.3 1.5 6.5 9.5 1.0 13.0 1.0 10.5 

2-7 
5.0 1.5 5.0 7.5 1.0 10.0 1.0 8.5 

ns 

tpzL Output Enable Time 
3.3 1.5 5.5 9.0 1.0 11.0 1.0 10.0 

2-8 
5.0 1.5 5.0 8.5 1.0 9.5 1.0 9.5 

ns 

tpHz Output Disable Time 
3.3 1.5 5.5 10.0 1.0 13.0 1.0 11.0 

2-7 
5.0 1.5 5.0 9.0 1.0 11.0 1.0 10.0 

ns 

tpLZ Output Disable Time 
3.3 1.5 5.5 9.0 1.0 10.5 1.0 10.0 

2-8 
5.0 1.5 5.0 8.0 1.0 9.5 1.0 9.0 

ns 

•voltage Range 3.3 is 3.0V ±0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 

AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Symbol Parameter Vee• 
TA= +25°C 

TA= -55°C TA= -40°C Units Fig. 
(V) 

CL= 50pF 
to+ 125°C to +85°C No. 
CL= 50 pf CL= 50pF 

tPLH 
Propagation Delay 

5.0 1.5 5.0 7.0 1.0 8.0 1.0 7.5 ns 2-6 
lntOZn 

tPHL 
Propagation Delay 

5.0 2.0 6.0 7.5 1.0 9.5 1.5 8.5 ns 2-6 
In to Zn 

tPLH 
Propagation Delay 

5.0 2.0 7.0 9.5 1.0 11.0 1.5 10.5 ns 2-6 
StoZn 

tPHL 
Propagation Delay 

5.0 2.5 7.0 10.5 1.0 11.5 2.0 11.5 ns 2-6 
StoZn 

tpzH Output Enable Time 5.0 2.0 6.0 8.0 1.0 9.5 1.5 9.0 ns 2-7 

tpzL Output Enable Time 5.0 2.0 6.0 8.0 1.0 9.5 1.5 9.0 ns 2-8 

tpHz Output Disable Time 5.0 2.5 6.5 9.0 1.0 10.5 1.5 10.0 ns 2-7 

tpLZ Output Disable Time 5.0 2.0 6.0 7.5 1.0 9.0 1.5 8.5 ns 2-8 

•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation 
50.0 pF Vee= 5.0V 

Capacitance 
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~National 
~Semiconductor 

54AC/74AC258 • 54ACT/74ACT258 
Quad 2-lnput Multiplexer with TRI-STATE® Outputs 

General Description Features 
The 'AC/'ACT258 is a quad 2-input multiplexer with TRI
STATE outputs. Four bits of data from two sources can be 
selected using a common data select input. The four out
puts present the selected data in the complement (inverted) 
form. The outputs may be switched to a high impedance 
state with a HIGH on the common Output Enable (OE) input, 
allowing the outputs to interface directly with bus-oriented 
systems. 

• Multiplexer expansion by tying outputs together 
• Inverting TRI-STATE outputs 
• Outputs source/sink 24 mA 
• 'ACT258 has TIL-compatible inputs 

Ordering Code: see section 5 

Logic Symbols 

IEEE/I EC 

6E EN 
OE s 

MUX t> 
loa 1 v Za 
l1a 

lob 
zb 

l1b 

TL/F/9950-1 

TL/F/9950-2 

Pin Names Description 

s Common Data Select Input 
OE TRI-STATE Output Enable Input 

loa-lod Data Inputs from Source 0 

l1a-l1d Data Inputs from Source 1 
Za-Zd TRI-STATE Inverting Data Outputs 
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Connection Diagrams 

Pin Assignment 
for DIP, Flatpak and SOIC 

s 
loa 

l1a 

za 

lob 

l1b 

zb 

GND 

zb rn 
GND [Q] 

NC [j] 

zd fi1I 
l1d Ii] 

1 16 

2 15 

14 

4 13 

5 12 

6 11 

7 10 

8 

Pin Assignment 
for LCC 

l1b bb NC la l1a 
[[l[Z][fil@][i) 

lj]J~~[i]]ll]] 

led Zc NC l1c be 

Vee 
5E 
loc 

l1c 

zc 

lod 

l1d 

zd 

TL/;-;:;:;:;::-: 

CTlloa 
[II s 
[TINC 

@!Vee 
fifilOE 

TL/F/9950-4 



Functional Description 
The 'AC/'ACT258 is a quad 2-input multiplexer with TRI
STATE outputs. It selects four bits of data from two sources 
under control of a common Select input (S). When the Se
lect input is LOW, the lox inputs are selected and when Se
lect is HIGH, the l1x inputs are selected. The data on the 
selected inputs appears at the outputs in inverted form. The 
'AC/'ACT258 is the logic implementation of a 4-pole, 2-po
sition switch where the position of the switch is determined 
by the logic levels supplied to the Select input. The logic 
equations for the outputs are shown below: 

Za = OE • (l1a • S + loa • S) 
Zb = OE• (l1b • S + lob• S) 
Zc = OE • Cl1c • S + loc • S) 
Zd = OE • (l 1 d • S + lod • S) 

When the Output Enable input (OE) is HIGH, the outputs are 
forced to a high impedance state. If the outputs of the TRI
STATE devices are tied together, all but one device must be 
in the high impedance state to avoid high currents that 
would exceed the maximum ratings. Designers should 

Logic Diagram 

ensure that Output Enable signals to TRI-STATE devices 
whose outputs are tied together are designed so there is no 
overlap. 

Truth Table 
Output Select 
Enable Input 

OE s 
H x 
L H 
L H 
L L 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 

Data 
Outputs 

Inputs 

lo 11 z 
x x z 
x L H 
x H L 
L x H 
H x L 

TL/F/9950-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T srn) 

-20mA 
+20mA 

-0.5V to Vee+ 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

- 65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACDM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vcc ® 3.0V 
Vcc ® 4.5V 
Vcc ® 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vcc ® 4.5V 
Vcc ® 5.5V 

2.0Vto6.0V 
4.5Vto 5.5V 

OVto Vee 

av to Vee 

- 40°C to + 85°C 
- 55°C to + 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +25°C 

TA= TA= 
Units Conditions (V) -55°C to+ 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 
---- -·--·· ·-

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 VouT = o.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v orVcc - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 VouT = o.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 

5.5 4.86 4.7 4.76 -24mA 

Vol Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 

4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= TA= TA= 
Units Conditions 

(V) +25°C -55°C to+ 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

loz Maximum TRI-STATE® V1 (OE) = V1L. V1H 
Current 5.5 ±0.5 ±10.0 ±5.0 µA V1 = Vcc.GND 

Vo= Vcc.GND 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

lo HD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice@ 3.0V are guaranteed to be less than or equal to the respective limit@ 5.5V Vee-

Ice for 54AC@ 25°C is identical to 74AC@ 25°C. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= TA= TA= 
Units Conditions 

(V) +25°C -55°C to+ 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 v VouT = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 v VouT = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vee - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 v louT = -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = VrL or VrH 
4.5 3.86 3.70 3.76 v loH 

-24mA 
5.5 4.86 4.70 4.76 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 v louT = 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 v loL 

24 mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input Leakage Current 5.5 ±0.1 ±1.0 ±1.0 µA V1 =Vee. GND 

loz Maximum TRI-STATE® 
5.5 ±0.5 ±10.0 ±5.0 µA 

V1 =VIL• V1H 
Current Vo= Vcc.GND 

lccT Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1V 
Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

lo HD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT@ 25'C is identical to 74ACT@ 25'C. 
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AC Electrical Characteristics 
74AC 54AC 74AC 

Vee* TA= +25°c 
TA= -55°C TA= -40°c 

Fig. 
Symbol Parameter to + 125•c to +a5°C Units 

(V) CL= 50pF 
CL= 50 pf CL= 50 pf 

No. 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 3.3 2.0 6.0 9.5 1.0 12.0 1.5 11.0 
2-5 

In to Zn 5.0 1.5 4.5 7.5 1.0 9.5 1.0 8.5 
ns 

tpHL Propagation Delay 3.3 2.0 5.0 8.5 1.0 10.5 1.5 9.5 
2-5 

lntOZn 5.0 1.5 4.0 6.5 1.0 7.5 1.0 7.0 
ns 

tPLH Propagation Delay 3.3 3.0 7.5 12.0 1.0 15.0 2.5 14.0 
2-6 

StoZn 5.0 2.0 6.0 9.5 1.0 11.5 1.5 10.5 
ns 

tpHL Propagation Delay 3.3 2.5 7.5 11.5 1.0 14.0 2.0 13.0 
2-6 

StoZn 5.0 1.5 5.5 9.0 1.0 10.5 1.5 10.0 
ns 

tpzH Output Enable Time 3.3 2.5 6.0 9.5 1.0 11.5 2.0 10.5 
2-7 

5.0 1.5 4.5 7.5 1.0 9.0 1.5 8.5 
ns 

tpzL Output Enable Time 3.3 2.0 5.5 9.0 1.0 10.5 1.5 10.0 
2-8 

5.0 1.5 5.5 7.0 1.0 8.5 1.0 8.0 
ns 

tpHz Output Disable Time 3.3 2.5 5.5 10.0 1.0 11.5 2.0 11.5 
2-7 

5.0 2.0 5.5 8.5 1.0 9.5 1.5 9.0 
ns 

tpLZ Output Disable Time 3.3 2.0 5.5 9.0 1.0 10.5 2.0 10.0 
2-8 

5.0 1.5 5.0 7.0 1.0 8.5 1.5 8.0 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee* TA= +25°C 
TA= -55°C TA= -40°c 

Fig. 
Symbol Parameter 

(V) CL= 50pF 
to+ 125°C to +85°C Units 

No. 
CL= 50pF CL= 50pF 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 
5.0 2.0 6.5 8.5 1.0 10.5 1.5 9.5 ns 2-5 

In to Zn 

tpHL Propagation Delay 
5.0 2.0 5.5 7.5 1.0 9.0 1.5 8.0 ns 2-5 

In to Zn 

tPLH Propagation Delay 
5.0 3.0 7.5 10.5 1.0 13.0 2.0 11.5 ns 2-6 

StoZn 

tpHL Propagation Delay 
5.0 1.5 7.0 9.5 1.0 12.0 1.5 11.0 ns 2-6 

StoZn 

tpzH Output Enable Time 5.0 2.0 6.5 8.5 1.0 10.5 1.5 9.5 ns 2-7 

tpzL Output Enable Time 5.0 2.0 6.5 8.5 1.0 10.0 1.5 9.5 ns 2-8 

tpHz Output Disable Time 5.0 1.5 7.0 9.0 1.0 10.5 1.0 10.0 ns 2-7 

tpLZ Output Disable Time 5.0 2.0 6.0 8.0 1.0 10.0 1.5 9.0 ns 2-8 

•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation 
55.0 pF Vee= 5.ov 

Capacitance 
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U Semiconductor 
54AC/74AC269 
8-Bit Bidirectional Binary Counter 

General Description 
The 'AC269 is a fully synchronous 8-stage up/down counter 
featuring a preset capability for programmable operation, 
carry lookahead for easy cascading and a U/D input to con
trol the direction of counting. All state changes, whether in 
counting or parallel loading, are initiated by the rising edge 
of the clock. 

Logic Symbols 

Features 
• Synchronous counting and loading 
• Built-in lookahead carry capability 
• 300 mil slimline package 

Connection Diagr8:ms 

Pin Assignment Pin Assignment 

PE Po P1 P2 P3 p 4 P5 P5 P7 

u/fi 

CET 

CP Oo 01 02 03 04 05 05 07 

TC 

TL/F/9953-1 

IEEE/I EC 

for DIP, SOIC and Flatpak 

U/D 24 PE 
Oo 2 23 Po 

o, 3 22 P1 

02 4 21 P2 

03 5 20 P3 

04 6 19 Vee 
GND 7 18 P4 

05 8 17 P5 

05 9 16 P5 

07 10 15 P7 

for LCC 

02 01 Oo NCU/tiPE Po 
!Iii [QI m EID m m rn 

03 lill 
04~ 

GND !HJ 
NC liID 
05 li]J 

Os lill 
07 liID 

li])@lll1]~1§~§1 

CP CEP CET NC TC P7 Ps 

[!I P1 

QJP2 
1IJ P3 
[I] NC 

~Vee 
~P4 
~P5 

CP 11 14 Tc TL/F/9953-3 

CEP 12 

CET 

CEP 

CP 

Po Oo 

P1 o, 
P2 02 

P3 03 

P4 04 

P5 05 

P5 05 

P7 07 

Tc 

TL/F/9953-4 

13 CET 

TL/F/9953-2 

PE CEP CET 

L x x 

H H x 
H x H 
H L L 
H L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Function Table 

U/D CP Function 

x _/ Parallel Load All 
Flip-Flops 

x _/ Hold 
x _/ Hold (TC Held HIGH) 
H _/ Count Up 
L _/ Count Down 

..../ = Transition LOW-to-HIGH 
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54AC/74AC273 • 54ACT/74ACT273 
Octal D Flip-Flop 

General Description Features 
The 'AC/'ACT273 has eight edge-triggered D-type flip-flops 
with individual D inputs and Q outputs. The common buff
ered Clock (CP) and Master Reset (MR) input load and re
set (clear) all flip-flops simultaneously. 

• Ideal buffer for MOS microprocessor or memory 
• Eight edge-triggered D flip-flops 
• Buffered common clock 
• Buffered, asynchronous master reset 

The register is fully edge-triggered. The state of each D in- • See '377 for clock enable version 
put, one setup time before the LOW-to-HIGH clock tran- • See '373 for transparent latch version 
sition, is transferred to the corresponding flip-flop's Q out- • See 1374 for TRI-STATE version 

put. • Outputs source/sink 24 mA 
All outputs will be forced LOW independently of Clock or • • ACT273 has TTL compatible inputs 
Data inputs by a LOW voltage level on the MR input. The 
device is useful for applications where the true output only is 
required and the Clock and Master Reset are common to all 
storage elements. 

The Information for the ACT273 Is Advanced Information only. 

Ordering Code: see section 5 

Logic Symbols Connection Diagrams 

CP 

MR 
CP 

~ ~ 

00 01 02 03 04 o5 06 o7 01 

I I I I I I I I 02 

Pin Names 

Do-D7 
MR 
CP 

Oo-01 

TL/F/9954-1 03 

04 

05 

Os 

D] 

Description 

Data Inputs 
Master Reset 
Clock Pulse Input 
Data Outputs 

IEEE/I EC 

Oo 

01 

02 

03 

04 

05 

05 

07 

TL/F/9954-2 
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Pin Assignment 
for DIP, Flatpak and SOIC 

MR 20 Vee 

Oo 2 19 07 

Do 18 D] 

01 4 17 05 

01 5 16 Os 

02 6 15 05 

02 7 14 05 

03 8 13 04 

03 9 12 04 

GND 10 11 CP 

TL/F/9954-3 

Pin Assignment 
for LCC 

03 ~ 02 o, o, 
rn m m rn rn 

03 [[) rIIDo 
GNO [QI moo 

CP [ii rTIMR 
04 lill ~Vee 
04 Im [j]]07 

Ii]] [l]) Ii]] [Z] [j]] 

Os 05 Os Os D] 
TL/F/9954-4 

a 



C") ..... 
N Mode Select-Function Table 

Operating Mode 
Inputs 

MR CP 

Reset (Clear) L x 
Load '1' H ~ 

Load 'O' H ~ 

Logic Diagram 

CP 

Dn 

x 
H 

L 

Outputs 

On 

L 

H 

L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
../ = LOW-to-HIGH Transition 

01 07 

TL/F/9954-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (Vi) 

DC Output Diode Current UoK) 
Vo= -0.5V 
Vo= Vee+ o.sv 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T srn) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee+ 0.5V 

±50mA 

±50mA 

- 65°C to + 1 so·c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (Vi) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vee® 3.0V 
Vee@4.5V 
Vee@ 5.5V 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.ov 
Vee@ 4.5V 
Vee@ 5.5V 

2.0Vto 6.0V 
4.5 to 5.5V 

ovto Vee 

OVtoVee 

- 4o·c to + 85°C 
- 55°C to + 125°C 

115·c 
14o·c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Vee TA= TA= 
Symbol Parameter 

(V) 
TA= +2s0 c 

- ss·c to + 12s·c - 4o•c to + as·c 
Units Conditions 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = o.1v 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v orVee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

•v1N .= V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

•v1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vee.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions (V) - ss·c to + 12s0 c - 40°c to + ss·c 

Typ Guaranteed Limits 

Imo tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

IQHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

"All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: l1N and Ice ® 3.0V are guaranteed to be less than or equal to the respective limit ® 5.5V Vee. 

Ice for 54AC ® 25'C is identical to 74AC ® 25'C. 

AC Electrical Characteristics 
74AC 54AC 74AC 

Vee* TA= +2s0 c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter to+ 12s0 c to +ss·c Units (V) CL= SOpF 

CL= SOpF CL= SOpF 
No. 

Min Typ Max Min Max Min Max 

fmax Maximum Clock 3.3 90 125 75 75 
MHz 2-3 

Frequency 5.0 140 175 90 125 

tPLH Propagation Delay 3.3 4.0 7.0 12.5 1.0 15.0 3.0 14.0 
2-6 

Clock to Output 5.0 3.0 5.5 9.0 1.0 11.0 2.5 10.0 
ns 

tPHL Propagation Delay 3.3 4.0 7.0 13.0 1.0 16.0 3.5 14.5 
2-6 

Clock to Output 5.0 3.0 5.0 10.0 1.0 11.5 2.5 11.0 
ns 

tPHL Propagation Delay 3.3 4.0 7.0 13.0 1.0 16.0 3.5 14.0 
2-6 

MR to Output 5.0 3.0 5.0 10.0 1.0 11.5 2.5 10.5 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 

AC Operating Requirements 
74AC 54AC 74AC 

Vee* TA= +2s0 c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter to+ 12s0 c to +ss·c Units (V) CL= SOpF 

CL= 50pF CL= SOpF 
No. 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 3.3 3.5 5.5 8.0 6.0 
2-9 

DatatoCP 5.0 2.5 4.0 5.0 4.5 
ns 

th Hold Time, HIGH or LOW 3.3 -2.0 0 0 0 
2-9 

DatatoCP 5.0 -1.0 1.0 1.0 1.0 
ns 

tw Clock Pulse Width 3.3 3.5 5.5 6.5 6.0 
2-6 

HIGH or LOW 5.0 2.5 4.0 5.0 4.5 
ns 

tw MR Pulse Width 3.3 2.0 5.5 10.0 6.0 
2-6 

HIGH or LOW 5.0 1.5 4.0 6.5 4.5 
ns 

tree Recovery Time 3.3 1.5 3.5 6.0 4.5 
2-9 

MRtoCP 5.0 1.0 2.0 4.0 3.0 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

4-168 



Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 

Cpo Power Dissipation 
50.0 pF 

Vee= 5.ov 
Capacitance 
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54AC/74AC280 • 54ACT/74ACT280 
9-Bit Parity Generator/Checker 

General Description Features 
The 'AC/'ACT280 is a high-speed parity generator/checker • 9-bit width for memory applications 
that accepts nine bits of input data and detects whether an • 'ACT280 has TTL-compatible inputs 
even or an odd number of these inputs is HIGH. If an even 
number of inputs is HIGH, the Sum Even output is HIGH. If 
an odd number is HIGH, the Sum Even output is LOW. The 
Sum Odd output is the complement of the Sum Even output. 

The Information for the 'ACT280 Is Advanced Information only. 

Ordering Code: see Sections 

Logic Symbols Connection Diagrams 

TL/F/9955-1 

IEEE/I EC 

lo 
2k 

11 

12 

13 l:E 

14 

15 l:o 

Is 

17 

la 

TL/F /9955-4 

Pin Names Description 

lo-la Data Inputs 
Io Odd Parity Output 
IE Even Parity Output 

Pin Assignment for 
DIP, SOIC and Flatpak 

Is 1 14 

17 2 13 

NC 3 12 

la 4 11 

l:E 5 10 

l:o 6 9 

GND 7 B 

Vee 

15 

14 

13 

12 

1, 

lo 

TL/F /9955-2 

4-170 

l:o [ID 
GND [Q] 

NC [i] 

lo ll1I 
1, Ii] 

Pin Assignment 
for LCC 

~NC~NCNC 

oo m rn rn rn 

llJJ [ID [ID [j] [ID 

lzNCl3NCl-4 

[I]l7 

mis 
[]]NC 

~Vee 
[ID 15 

TL/F/9955-3 



Truth Table 
Number of 

HIGH Inputs 

lo-la 

0,2,4,6,8 
1,3,5, 7,9 

H = HIGH Voltage Level 

L = LOW Voltage Level 

Logic Diagram 

Outputs 

I. Even I.Odd 

H L 
L H 

TL/F/9955-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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C) 
Q) 
N Absolute Maximum Rating (Note 1> 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (Vi) 

DC Output Diode Current CloK) 
Vo= -0.5V 
Vo = Vee + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGNo) 

Storage Temperature (T srn) 

-20mA 
+20mA 

- 0.5V to V cc + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

-65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, output/input loading variables. National does not recommend 
operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 2.0V to 6.0V 
•ACT 4.5V to 5.5V 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vee@ 3.0V 
Vcc ® 4.5V 
Vee@ 5.5V 

Input Rise and Fall Time Ctr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee® 4.5V 
Vee@ 5.5V 

OVto Vee 

OVtoVcc 

-40°C to + 85°C 
- 55°C to + 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 

Symbol Parameter 

V1H Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Leakage Current 

Vee 
(V) 

3.0 
4.5 
5.5 

3.0 

4.5 
5.5 

3.0 
4.5 

5.5 

3.0 
4.5 
5.5 

3.0 
4.5 

5.5 

3.0 

4.5 
5.5 

5.5 

74AC 

Typ 

1.5 2.1 
2.25 3.15 

2.75 3.85 

1.5 0.9 

2.25 1.35 
2.75 1.65 

2.99 2.9 
4.49 4.4 
5.49 5.4 

2.56 
3.86 
4.86 

0.002 0.1 
0.001 0.1 
0.001 0.1 

0.36 

0.36 
0.36 

±0.1 

54AC 74AC 

TA= 
-55°C to+ 12s0 c 

TA= Units 
-40°C to +85°C 

Guaranteed Limits 

2.1 2.1 

3.15 3.15 v 
3.85 3.85 

0.9 0.9 

1.35 1.35 v 
1.65 1.65 

2.9 2.9 
4.4 4.4 v 
5.4 5.4 

2.4 2.46 
3.7 3.76 v 
4.7 4.76 

0.1 0.1 

0.1 0.1 v 

0.1 0.1 

0.50 0.44 

0.50 0.44 v 

0.50 0.44 

±1.0 ±1.0 µA 
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Conditions 

Vour = o.1v 
or Vee - o.1v 

Your= o.1v 
or Vee - 0.1V 

lour= -50 µA 

*V1N = V1L or V1H 
-12mA 

loH -24mA 
-24mA 

lour= 50 µA 

*V1N = V1L or V1H 
12mA 

loL 24mA 
24mA 

V1 =Vee. GND 



DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Vee TA= TA= 
Symbol Parameter (V) TA= +2s0 c 

-ss·c to+ 12s0 c - 4o•c to + ss·c 

Typ 

lo Lo tMinimum Dynamic 5.5 

IQHD 
Output Current 5.5 

Ice Maximum Quiescent 
5.5 B.O 

Supply Current 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Guaranteed Limits 

50 

-50 

160.0 

Note: l1N and Ice® 3.0V are guaranteed to be less than or equal to the respective limit® 5.5V Vee. 
lee for 54AC ® 2s•c is identical to 74 AC® 2s·c. 

AC Electrical Characteristics 
74AC 54AC 

75 

-75 

BO.O 

Units Conditions 

mA Vmo = 1.65V Max 

mA VoHD = 3.B5V Min 

µA 
V1N =Vee 
orGND 

74AC 

Vee• TA= +2s0 c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter (V) CL= 50pF 

to+ 12s0 c to +ss•c Units 
No. 

CL= 50pF CL= 50pF 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 3.3 5.0 10.5 17.0 4.0 18.5 
2-5 

tPHL In to ~E 5.0 3.0 7.5 13.0 2.0 14.5 
ns 

tPLH Propagation Delay 3.3 5.0 12.0 17.0 4.0 18.5 
2-5 

tPHL Into ~o 5.0 3.0 B.5 13.0 2.0 14.5 
ns 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 

Cpo Power Dissipation 
75.0 pF Vee= 5.0V 

Capacitance 

4-173 

I\) 
co 
0 



~National 
~Semiconductor 

ADVANCE INFORMATION 

54AC/74AC283 • 54ACT/74ACT283 
4-Bit Binary Full Adder with Fast Carry 

General Description Features 
The 'AC/'ACT283 high-speed 4-bit binary full adder with in- • 'ACT283 has TTL-compatible inputs 
ternal carry lookahead accepts two 4-bit binary words (Ao-
A3, Bo-83) and a Carry input (Co). It generates the binary 
Sum outputs (So-S3) and the Carry output {C4) from the 
most significant bit. The 'AC/'ACT283 will operate with ei-
ther active HIGH or active LOW operands (positive or nega-
tive logic). 

Logic Symbols Connection Diagrams 

TL/F/9956-1 

IEEE/I EC 

} 
l: 

Ao 
At 

A2 

A3 

·[ 
So 

s, 
Bo } S2 

e, S3 

82 

83 

Co Cl co c_. 
TL/F/9956-4 

Pin Names Description 

Ao-A3 A Operand Inputs 
Bo-83 8 Operand Inputs 

Co Carry Input 
So-S3 Sum Outputs 

C4 Carry Output 

Pin Assignment for 
DIP, SOIC and Flatpak 

s, 1 16 Vee 
81 2 15 82 

A1 3 14 A2 

So 13 S2 

Ao 12 A3 

Bo 6 11 83 

Co 7 10 S3 
GND B 9 c_. 

TL/F /9956-2 
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Pin Assignment 
for LCC 

Bo Ao NC So A1 
[]] IIl III [[] rn 

Cof]]O[I]e, GND [QJ ms, 
NC [i] [j] NC 

C4 llll Im Vee 
S3 ll] [fil 82 

Ii!! Ii§] ll]] l1ZI Ii]] 
B3 A3 NC~~ 

TL/F/9956-3 



~National 
~Semiconductor 

54AC/74AC299 • 54ACT/74ACT299 
8-lnput Universal Shift/Storage 
Register with Common Parallel 1/0 Pins 

General Description 
The 'AC/'ACT299 is an 8-bit universal shift/storage register 
with TRI-STATE® outputs. Four modes of operation are 
possible: hold (store), shift left, shift right and load data. The 
parallel load inputs and flip-flop outputs are multiplexed to 
reduce the total number of package pins. Additional outputs 
are provided for flip-flops 0 0, 0 7 to allow easy serial cas
cading. A separate active LOW Master Reset is used to 
reset the register. 

Ordering Code: see sections 

Logic Symbols 

IEEE/I EC 

t.iR 
Of, 
5E2 

So 
s, 
CP 

DSo 

l/Oo 

1/01 

1/02 

1/03 

1/04 

1/05 
1/05 

1/07 

DS7 

Features 
• Common parallel 1/0 for reduced pin count 
• Additional serial inputs and outputs for expansion 
• Four operating modes: shift left, shift right, load and 

store 
• TRI-STATE outputs for bus-oriented applications 
• Outputs source/sink 24 mA 
• 'ACT299 has TTL-compatible inputs 

TL/Fi ~o~3- I 

TL/F /9893-4 

Connection Diagrams 

Pin Assignment 
for DIP, Flatpak and SOIC 

So 

m:, 
fil2 

1/05 

1/04 

1/02 

l/Oo 

Oo 
MR 

GND 

1 20 

2 19 

3 18 

17 

16 

15 

14 

8 13 

9 12 

10 11 

Pin Assignment 
for LCC 

o0 1/00 1/021/0 41/06 oo m m rn rn 

Vee 
s, 
DS7 

07 

1/07 

1/05 

1/03 

1/01 
CP 

DSo 

TL/F/9893-2 

G~:o~~~ DSo Ii] [i] So 
CP llll ~Vee 

1/01 ii]] lifilS1 

OC!I n:ID li]J rm irn 
1/031/051/~ OJ ~ 

TL/F/9893-3 
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"' Pin Names Description 

CP Clock Pulse Input 
DSo Serial Data Input for Right Shift 
DS1 Serial Data Input for Left Shift 
~S1 Mode Select Inputs 
MR Asynchronous Master Reset 
OE1,0E2 TRI-STATE Output Enable Inputs 
l/Oo-1101 Parallel Data Inputs or 

TRI-STATE Parallel Outputs 
Oo,01 Serial Outputs 

Functional Description 
The 'AC/'ACT299 contains eight edge-triggered D-type flip
flops and the interstage logic necessary to perform synchro
nous shift left, shift right, parallel load and hold operations. 
The type of operation is determined by So and S1, as shown 
in the Truth Table. All flip-flop outputs are brought out 
through TRI-STATE buffers to separate 1/0 pins that also 
serve as data inputs in the parallel load mode. Oo and 07 
are also brought out on other pins for expansion in serial 
shifting of longer words. 

A LOW signal on MR overrides the Select and CP inputs 
and resets the flip-flops. All other state changes are initiated 
by the rising edge of the clock. Inputs can change when the 
clock is in either state provided only that the recommended 
setup and hold times, relative to the rising edge of CP, are 
observed. 

A HIGH signal on either OE1 or OE2 disables the TRI
STATE buffers and puts the 1/0 pins in the high impedance 
state. In this condition the shift, hold, load and reset opera
tions can still occur. The TRI-STATE buffers are also dis
abled by HIGH signals on both So and S1 in preparation for 
a parallel load operation. 

4-176 

Truth Table 
Inputs 

MR S1 So 

L x x 

H H H 
H L H 

H H L 

H L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

CP 

x 

_/ 

_/ 

_/ 

x 

.../ = LOW-to-HIGH Transition 

Response 

Asynchronous Reset; 
Oo-01 =LOW 
Parallel Load; I/On ~ On 
Shift Right; DSo ~ Oo. 
Oo ~ 01,etc. 
Shift Left, DS7 ~ 07, 
01 ~Os.etc. 
Hold 



Logic Diagram 

DSo CP 
TL/F/9893-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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N Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -a.5V to+ 7.av 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 =Vee +a.5V 

DC Input Voltage (Vi) 

DC Output Diode Current (loK) 
Vo= -a.5V 
Vo = Vee + a.5V 

DC Output Voltage (Vo) 

DC Output Source or Sink Current (lo) 

DC Vee or Ground Current 
Per Output Pin (Ice or IGND) 

Storage Temperature (T srn) 

-2amA 
+2amA 

-a.5VtoVcc +a.5V 

-2amA 
+2amA 

- a.5V to V cc + a.5V 

±5amA 

±5amA 

- 65°C to + 15a0 c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. Obviously the databook specifications should be 
met, without exception, to ensure that the system design is reliable over its 
power supply, temperature, and output/input loading variables. National 
does not recommend operation of FACT™ circuits outside databook specifi
cations. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

(Unless Otherwise Specified) 
'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 3a% to 7a% of Vee 
Vcc@3.0V 
Vcc@4.5V 
Vee@ 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from a.av to 2.0V, Vmeas 
from a.av to 2.av 
Vee@ 4.5V 
Vee@ 5.5V 

2.aVto 6.aV 
4.5Vto 5.av 

av to Vee 

av to Vee 

- 4a0 c to + a5°C 
- 55°C to + 125°C 

175°C 
14a0 c 

15a ns/V 
4a ns/V 
25 ns/V 

1a ns/V 
a ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Electrical Characteristics For 'AC Family Devices 

Symbol Parameter 

V1H Minimum High Level 
Input Voltage 

V1L Maximum Low Level 
Input Voltage 

VoH Minimum High Level 
Output Voltage 

VoL Maximum Low Level 
Output Voltage 

l1N Maximum Input 
Leakage Current 

loz Maximum TRI-ST ATE 
Leakage Current 

Vee 
(V) 

3.a 
4.5 
5.5 

3.a 
4.5 
5.5 

3.a 
4.5 
5.5 

3.a 
4.5 
5.5 

3.a 
4.5 
5.5 

3.a 
4.5 
5.5 

5.5 

5.5 

74AC 

TA= 25°C 

Typ 

1.5 2.1 
2.25 3.15 
2.75 3.a5 

1.5 a.9 
2.25 1.35 
2.75 1.65 

2.99 2.9 
4.49 4.4 
5.49 5.4 

2.56 
3.a6 
4.a6 

a.aa2 a.1 
a.aa1 a.1 
a.aa1 a.1 

a.36 
a.36 
0.36 

±a.1 

±a.5 

54AC 74AC 

TA= TA= 
Units Conditions 

-55°C to + 125°C - 40°C to + 85°C 

Guaranteed Limits 

2.1 2.1 VouT = a.1V 
3.15 3.15 v orVcc - a.1V 
3.a5 3.a5 

a.9 a.9 VouT = a.1V 
1.35 1.35 v orVcc - a.1v 
1.65 1.65 

2.9 2.9 louT = -5a µA 
4.4 4.4 v 
5.4 5.4 

*V1N = V1L or V1H 
2.4 2.46 

v 
-12mA 

3.7 3.76 loH -24mA 
4.7 4.76 -24mA 

a.1 a.1 louT = 5a µA 
a.1 a.1 v 
a.1 a.1 

*V1N = V1L or V1H 
a.5a a.44 12mA 
a.5a a.44 v loH 24mA 
a.5a a.44 24mA 

±1.a ±1.a µA 
V1 =Vee. GND 

V1(0E) = VIL• V1H 
±1a.a ±5.a µA V1 = Vcc.GND 

Vo= Vcc.GND 

4-17a 



DC Electrical Characteristics For 'AC Family Devices 

74AC 54AC 74AC 

Symbol Parameter Vee TA= 2s·c TA= TA= 
(V) - ss·c to + 12s·c - 4o•c to + ss·c 

Typ Guaranteed Limits 

loLD tMinimum Dynamic 5.5 57 86 

loHD 
Output Current 5.5 -50 -75 

Ice Maximum Quiescent 
5.5 8.0 160 80 

Supply Current 

lozr Maximum 1/0 
Leakage Current 5.5 ±0.6 ± 11.0 ±6.0 

•All outputs loaded; threshold on input associated with output under test. 
tMaximum test duration 20 ms, one output loaded at a time. 
Note: liN and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit@ 5.5V Vee. 
Ice for 54AC@ 25'C is identical to 74AC@ 25'C. 

DC Electrical Characteristics For 'ACT Family Devices 

74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= 2s·c 
TA= TA= 

(V) - ss·c to + 12s·c - 4o·c to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
Input Voltage 5.5 1.5 2.0 2.0 2.0 

V1L Maximum Low Level 3.0 1.5 0.8 0.8 0.8 
Input Voltage 4.5 1.5 0.8 0.8 0.8 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
5.5 5.49 5.4 5.4 5.4 

4.5 0.0001 3.86 3.70 3.76 
5.5 4.86 4.70 4.76 

Vol Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

4.5 0.36 0.50 0.44 
5.5 0.36 0.50 0.44 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 

Leakage Current 

loz Maximum TRI-STATE 
5.5 ±0.5 ±10.0 ±5.0 

Leakage Current 

leer Maximum Ice/Input 5.5 0.6 1.6 1.5 

loLD tMinirnum Dynamic 5.5 50 75 

loHD 
Output Current 5.5 -50 -75 

Ice Maximum Quiescent 
5.5 8.0 160 80 

Supply Current 

lozr Maximum 1/0 
Leakage Current 5.5 ±0.6 ± 11.0 ±6.0 

Note: Ice limit for 54ACr @ 25'C is identical to 7 4ACT @ 25'C. 
•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 

Capacitance 

Symbol Parameter 
AC/ACT 

Typ 
Units Conditions 

C1N Input Capacitance 4.5 pF Vee= 5.5V 

Cpo Power Dissipation 
170 pF Vee= 5.5V 

Capacitance 
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Units 

mA 

mA 

µA 

µA 

Units 

v 

v 

v 

v 

v 

µA 

µA 

mA 

rnA 

mA 

µA 

µA 

Conditions 

VoLD = 1.65V Max 

VoHD = 3.85V Min 

V1N =Vee 
orGND 

V1(0E) = V1L. V1H 
V1 = Vcc.GND 
Vo= Vee.GND 

Conditions 

Vour = o.1v 
or Vee - 0.1V 

Vour = o.1v 
or Vee - 0.1V 

lour= -50 µA 

*V1N = V1L or V1H 
loH -24mA 

-24mA 

lour= 50 µA 

*V1N = V1L or V1H 
IOL 24mA 

24mA 

V1 = Vee.GND 

V1 =VIL• V1H 
Vo= Vee.GND 

V1 =Vee - 2.1v 

VOLD = 1.65V Max 

VoHD = 3.85V Min 

V1N =Vee 
orGND 

V1(0E) = VIL• V1H 
V1 = Vee.GND 
Vo= Vee. GND 

N 
CD 
CD 



AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations 

74AC 54AC 74AC 

Vee* TA= +2s0 c 
TA= -ss·c TA= -40°c Fig. Symbol Parameter (V) CL= 50pF 
to+ 12s·c to +ss·c Units No. CL= 50pF CL= 50 pF 

Min Typ Max Min Max Min Max 

fmax Maximum Input 3.3 90 124 70 80 MHz 2-0 
Frequency 5.0 130 173 80 105 

tPLH Propagation Delay 3.3 8.5 14.0 20.5 1.0 25.5 7.0 22.0 
CPto Oo or07 5.0 5.5 9.5 14.0 1.0 17.5 4.5 15.0 ns 2-6 
(Shift Left or Right) 

tPHL Propagation Delay 3.3 8.5 14.5 21.5 1.0 26.5 7.0 23.0 
CPto Oo orQ7 5.0 5.5 10.0 14.5 1.0 18.0 5.0 16.0 

ns 2-6 
(Shift Left or Right) 

tPLH Propagation Delay 3.3 9.0 14.5 20.5 1.0 24.5 7.5 22.5 
ns 2-6 

CPto I/On 5.0 6.0 10.0 14.5 1.0 17.0 5.0 16.0 

tPHL Propagation Delay 3.3 10.0 16.0 23.0 1.0 26.5 8.5 24.5 
ns 2-6 

CPto I/On 5.0 6.5 11.0 16.0 1.0 18.5 6.0 17.5 

tPHL Propagation Delay 3.3 9.0 15.5 22.5 1.0 27.0 7.5 25.0 
ns 2-6 

MR to Oo orQ7 5.0 5.5 10.5 15.5 1.0 18.5 5.0 17.0 

tPHL Propagation Delay 3.3 9.0 15.0 21.5 1.0 26.5 7.5 24.0 ns 2-6 
MR to I/On 5.0 5.5 10.0 15.0 1.0 18.0 5.0 16.5 

tpzH Output Enable Time 3.3 7.0 12.0 18.0 1.0 22.0 6.0 19.5 ns 2-7 
OE to I/On 5.0 4.5 8.5 12.5 1.0 15.0 4.0 13.5 

tpzL Output Enable Time 3.3 7.0 12.5 18.0 1.0 23.5 6.0 20.5 ns 2-8 
OE to I/On 5.0 5.0 8.0 12.5 1.0 16.0 4.0 14.0 

tpHz Output Disable Time 3.3 6.5 13.0 18.5 1.0 22.5 5.5 19.5 ns 2-7 
OE to I/On 5.0 3.5 9.5 14.0 1.0 17.0 3.0 15.0 

tpLZ Output Disable Time 3.3 5.5 11.5 17.0 1.0 21.5 4.5 19.0 2-8 
OE to I/On 5.0 3.5 8.0 12.5 1.0 16.0 2.0 13.5 ns 

•voltage Range 3.3 is 3.3V ± 0.3V. 
Voltage Range 5.0 is 5.0V ± 0.5V. 

AC Operating Requirements: See Section 2 for Waveforms 

74AC 54AC 74AC 

Vee* TA= +2s0 c 
TA= -ss·c TA= -40°c Fig. Symbol Parameter (V) CL= 50pF to+ 12s0 c to +ss·c Units No. CL= 50pF CL= 50pF 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 3.3 3.0 8.0 9.5 8.5 2-9 
SoorS1 toCP 5.0 2.0 5.0 7.0 5.5 ns 

th Hold Time, HIGH or LOW 3.3 -3.0 0.5 2.0 0.5 2-9 
SoorS1 toCP 5.0 -1.5 1.0 2.5 1.0 ns 

ts Setup Time, HIGH or LOW 3.3 2.0 5.5 6.0 6.0 2-9 
I/On toCP 5.0 1.0 3.5 4.0 4.0 ns 

th Hold Time, HIGH or LOW 3.3 -2.0 0 1.5 0 2-9 
I/On toCP 5.0 -1.0 1.0 2.0 1.0 ns 

ts Setup Time, HIGH or LOW 3.3 2.5 6.5 7.5 7.0 2-9 
DS0 or DS7 to CP 5.0 1.5 4.0 5.0 4.5 ns 

th Hold Time, HIGH or LOW 3.3 -2.0 0 1.5 0.5 2-9 
DS0 or DS1 to CP 5.0 -1.0 1.0 1.5 1.0 ns 

tw CP Pulse Width, LOW 3.3 3.5 4.5 5.5 5.0 2-6 
5.0 2.0 3.5 5.0 3.5 ns 

tw MR Pulse Width, LOW 3.3 4.0 4.5 5.5 5.0 2-6 
5.0 2.0 3.5 5.0 3.5 ns 

tree Recovery Time 3.3 0 1.5 2.5 1.5 2-6 
MRtoCP 5.0 0.5 1.5 2.5 1.5 ns 

•voltage Range 3.3 is 3.3V ±0.3V 
•voltage Range 5.0 is 5.0V ±0.5V 
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations 

74ACT 54ACT 74ACT 

Vee• TA= +25°c 
TA= -55°C TA= -40°c 

Fig. 
Symbol Parameter to+ 125°C to +85°C Units 

No. {V) CL= 50pF 
CL= 50 pf CL= 50pF 

Min Typ Max Min Max Min Max 

fmax Maximum Input 
5.0 120 170 70 110 MHz 2-0 

Frequency 

tPLH Propagation Delay 
CPtoOoor07 5.0 4.0 8.5 12.5 1.0 15.5 3.0 14.0 ns 2-6 
(Shift Left or Right) 

tPHL Propagation Delay 
CP to Oo orQ7 5.0 4.0 9.0 13.5 1.0 16.0 3.5 15.0 ns 2-6 
(Shift Left or Right) 

tPLH Propagation Delay 
5.0 4.5 8.5 12.5 1.0 15.0 4.5 13.5 ns 2-6 

CPto I/On 

tpHL Propagation Delay 
5.0 5.0 9.5 15.0 1.0 18.0 4.5 16.5 ns 2-6 

CPto I/On 

tPHL Propagation Delay 
5.0 4.0 14.0 15.0 1.0 18.0 4.0 18.0 ns 2-6 

MR to Oo orQ7 

tPHL Propagation Delay 
5.0 4.0 13.0 14.5 1.0 17.5 3.5 17.5 ns 2-6 

MR to I/On 

tPZH Output Enable Time 
5.0 2.5 8.0 12.0 1.0 14.0 1.5 13.0 ns 2-7 

OE to I/On 

tpzL Output Enable Time 
5.0 2.0 8.0 12.0 1.0 14.5 1.5 13.5 ns 2-8 

OE to I/On 

tpHz Output Disable Time 
2.5 2.0 8.5 12.5 1.0 14.5 2.0 13.5 ns 2-7 

OE to I/On 

tpLZ Output Disable Time 
2.0 2.5 8.0 11.5 1.0 14.0 2.0 12.5 ns 2-8 

OE to I/On 
•voltage Range 5.0 is 5.0V ±0.5V 

AC Operatina Requirements: See Section 2 for Waveforms 

74ACT 54ACT 74ACT 

Vee• TA= +25°C 
TA= -55°C TA= -40°c 

Fig. 
Symbol Parameter to + 125°C to +85°C Units 

No. {V) CL= 50 pf 
CL= 50pF CL= 50 pf 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 5.0 2.0 5.0 6.5 5.5 ns 2-9 
SoorS1 toCP 

th Hold Time, HIGH or LOW 
5.0 -2.0 1.0 1.5 1.0 ns 2-9 

S0 orS1 toCP 

ts Setup Time, HIGH or LOW 
5.0 1.5 4.0 4.5 4.5 ns 2-9 

I/On toCP 

th Hold Time, HIGH or LOW 
5.0 -1.0 1.0 1.5 1.0 ns 2-9 

I/On toCP 

ts Setup Time, HIGH or LOW 
5.0 1.5 4.5 5.5 5.0 ns 2-9 

DSo or DS7 to CP 

th Hold Time, HIGH or LOW 
5.0 -1.0 1.0 1.5 1.0 ns 2-9 

DSo or DS7 to CP 

tw CP Pulse Width 
5.0 2.0 4.0 5.0 4.5 ns 2-6 

HIGH or LOW 

tw MR Pulse Width, LOW 5.0 2.0 3.5 5.0 3.5 ns 2-6 

tree Recovery Time 
5.0 0 1.5 1.5 1.5 ns 2-6 

MRtoCP l l. 
•voltage Range 5.0 is 5.0V ±0.5V. 
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~National 
~Semiconductor 

54ACT /7 4ACT323 
8-Bit Universal Shift/Storage Register 
with Synchronous Reset and Common 1/0 Pins 

General Description 
The 'ACT323 is an 8-bit universal shift/storage register with 
TRI-ST ATE® outputs. Parallel load inputs and flip-flop out
puts are multiplexed to minimize pin count. Separate serial 
inputs and outputs are provided for Oo and 07 to allow easy 
cascading. Four operation modes are possible: hold (store), 
shift left, shift right and parallel load. 

Ordering Code: see section 5 

Logic Symbols 

TL/F/9787-1 

Pin Name Description 

CP Clock Pulse Input 

DSo Serial Data Input for Right Shift 
DS7 Serial Data Input for Left Shift 

So,S1 Mode Select Inputs 
SR Synchronous Reset Input 
~1,0E2 TRI-STATE Output Enable Inputs 
l/Oo-1/07 Multiplexed Parallel Data Inputs or 

TRI-STATE Parallel Data Outputs 

Oo.07 Serial Outputs 

Features 
• Common parallel 1/0 for reduced pin count 
• Additional serial inputs and outputs for expansion 
• Four operating modes: shift left, shift right, load and 

store 
• TRI-STATE outputs for bus-oriented applications 
• Outputs source/sink 24 mA 
• TIL-compatible inputs 

07 

TL/F/9787-5 

Connection Diagrams 
Pin Assignment for 

DIP, SOIC and Flatpak 

So 1 
iiE1 2 

0E2 3 

1/06 

1/04 

1/02 6 

l/Oo 7 
00 8 

5R 9 12 CP 

GND 10 11 DSo 

5R [[) 
GND [QJ 
DSo [j) 
CP ll1J 

1/01 fi] 

Pin Assignment 
for LCC 

Oil VOo VOz l/04 VOe 
rn i:z:mrn::i rn 

ll]J Ii] ll]] liZI ll]] 
VO;, VOsV07 0, ~ 

TL/F/9787-2 

111 fil2 
IIliiE1 

OJ so 
~Vee 
[fil S1 

TL/F /9787-3 
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Functional Description 
The 'ACT323 contains eight edge-triggered 0-type flip-flops 
and the interstage logic necessary to perform synchronous 
reset, shift left, shift right, parallel load and hold operations. 
The type of operation is determined by So and S1 as shown 
in the Mode Select Table. All flip-flop outputs are brought 
out through TRI-STATE buffers to separate 1/0 pins that 
also serve as data inputs in the parallel load mode. Oo and 
0 7 are also brought out on other pins for expansion in serial 
shifting of longer words. 

A LOW signal on SR overrides the Select inputs and allows 
the flip-flops to be reset by the next rising edge of CP. 

Inputs 

SR S1 So CP 

L x x _r 

H H H _r 

H L H _r 

H H L _r 

H L L x 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Mode Select Table 

Response 

Synchronous Reset; Oo-07 = LOW 
Parallel Load; I/On ~ On 
Shift Right; DSo ~ Oo, Oo ~ 01' etc. 
Shift Left; DS7 ~ 07, 07 ~ Os, etc. 
Hold 

../" = LOW-to-HIGH Clock Transition 

4-183 

All other state changes are also initiated by the LOW-to
HIGH CP transition. Inputs can change when the clock is in 
either state provided only that the recommended setup and 
hold times, relative to the rising edge of CP, are observed. 

A HIGH signal on either OE1 or OE2 disables the 
TRI-STATE buffers and puts the 1/0 pins in the high imped
ance state. In this condition the shift, load, hold and reset 
operations can still occur. The TRI-STATE buffers are also 
disabled by HIGH signals on both So and S1 in preparation 
for a parallel load operation. 



Logic Diagram 

TL/F/9787-4 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1) Recommended Operating 
If Miiitary/ Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vee) 
Office/Distributors for avallablllty and specifications. 

'AC 2.0Vto 6.0V 
Supply Voltage (Vee) -0.5Vto +7.0V 'ACT 4.5Vto 5.5V 
DC Input Diode Current (l1K) Input Voltage (V1) OVtoVcc 

V1 = -0.5V -20mA 
Output Voltage (Vo) OVtoVcc 

V1 = Vee + 0.5V +20mA 

DC Input Voltage (V1) -0.5V to Vee+ 0.5V 
Operating Temperature (TA) 

74AC/ACT - 4o·c to + 85°C 
DC Output Diode Current (loK) 54AC/ACT - 55°C to + 125•c 

Vo= -0.5V -20mA 
Junction Temperature (TJ) 

Vo = Vee + o.5V +20mA 
CDIP 115·c 

DC Output Voltage (Vo) -0.5V to Vee + 0.5V PDIP 14o•c 
DC Output Source or Input Rise and Fall Time (tr, t1) 

Sink Current (lo) ±50mA (Note 2) (Typical) 
DC Vee or Ground Current (Except Schmitt Inputs) 'AC Devices 

Per Output Pin (Ice or IGND) ±50mA V1N from 30% to 70% of Vee 

Storage Temperature (Tsrn) - 65°C to + 15o·c Vcc® 3.0V 150 ns/V 

Note 1: Absolute maximum ratings are those values beyond which damage Vcc@4.5V 40 ns/V 

to the device may occur. The databook specifications should be met, without Vee@ 5.5V 25 ns/V 
exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (tr, tf) 
temperature, and output/input loading variables. National does not recom-

(Note 2) (Typical) mend operation of FACTTM circuits outside databook specifications. 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
Vcc@4.5V 10 ns/V 
Vcc@5.5V 8 ns/V 
Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Electrical Characteristics For 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +25°c 
TA= TA= Units Conditions 

(V) -ss·c to+ 12s·c - 4o·c to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v Vour = o.1v 

:nput vv:tago 5.5 1.5 2.0 2.0 2.0 or Vee - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v Vour = o.1v 

Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vee - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v lour= -50 µA 

Output Voltage 5.5 5.49 5.4 5.4 5.4 

•v1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH -24mA 
5.5 4.86 4.70 4.76 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v lour= 50 µA 

Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL -24mA 
5.5 0.36 0.50 0.44 -24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA v, =Vee. GND Leakage Current 

loz Maximum TRI-STATE 
5.5 ±0.5 ±10.0 ±5.0 µA V1 =VIL• V1H 

Current Vo= Vcc.GND 

lozr Maximum 1/0 
5.5 ±0.6 ±11.0 ±6.0 µA 

V110 = Vee or GND 
Leakage Current V1N = V1H. V1L 

leer Maximum Ice/Input 5.5 0.6 1.6 1.5 mA V1 =Vee - 2.1v 

loLD tMinimum Dynamic Output 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160 80 µA 

V1N = Vee or GND 
Supply Current (Note 3) 
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*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note 3: Ice for 54ACT is identical to 7 4ACT @ 25°C. 

AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations 

74ACT 54ACT 74ACT 

Vee* TA= 25°C 
TA= -55°c TA= -40°c 

Fig. 
Symbol Parameter to+ 125°c to +85°C Units 

(V) CL= 50pF 
CL= 50pF CL= 50 pf 

No. 

Min Typ Max Min Max Min Max 

fmax Maximum Input Frequency 5.0 120 125 95 110 MHz 2-3 

tPLH Propagation Delay 
5.0 5.0 9.0 12.5 1.0 16.5 4.0 14.0 ns 2-6 

CP to Oo or 07 

tPHL Propagation Delay 
5.0 5.0 9.0 13.5 1.0 17.0 4.5 15.0 ns 2-6 

CP to Oo or 07 

tPLH Propagation Delay 
5.0 5.0 8.5 12.5 1.0 16.5 4.5 14.5 ns 2-6 

CP to I/On 

tPHL Propagation Delay 
5.0 6.0 10.0 14.5 1.0 18.0 5.0 16.0 ns 2-6 

CP to I/On 

tpzH Output Enable Time 5.0 3.5 7.5 11.0 1.0 15.0 3.0 12.5 ns 2-7 

tpzL Output Enable Time 5.0 3.5 7.5 11.5 1.0 15.5 3.0 13.0 ns 2-8 

tpHz Output Disable Time 5.0 4.0 8.5 12.5 1.0 15.5 3.0 13.5 ns 2-7 

tpLz Output Disable Time 5.0 3.0 8.0 11.5 1.0 15.0 2.5 12.5 ns 2-8 

•voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements 
74ACT 54ACT 74ACT 

TA= 25°C 
TA= -55°C TA= -40°c 

Symbol Parameter Vee* 
CL= 50pF 

to +125°C to +e5°C 
Units 

Fig. 
(V) CL= 50pF CL= 50pF No. 

Vee= +5.0V 
Vee= +5.0V Vee= +5.0V 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 
5.0 2.0 5.0 6.0 5.0 ns 2-9 

So orS1 toCP 

th Hold Time, HIGH or LOW 
5.0 0 1.5 1.5 1.5 ns 2-9 

So orS1 to CP 

ts Setup Time, HIGH or LOW 
5.0 1.0 4.0 4.5 4.5 ns 2-9 

I/On, DSo, DS7 to CP 

th Hold Time, HIGH or LOW 
5.0 0 1.0 1.0 1.0 ns 2-9 

I/On. DSo, DS7 to CP 

ts Setup Time, HIGH or LOW 
5.0 1.0 2.5 3.0 2.5 ns 2-9 

SR toCP 

th Hold Time, HIGH or LOW 
5.0 0 1.0 1.0 1.0 ns 2-9 

SR to CP 

tw CP Pulse Width 
5.0 2.0 4.0 5.0 4.5 2-6 

HIGH or LOW 
ns 

•voltage Range 5.0 is 5.0V ± 0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation Capacitance 170 pF Vee= 5.ov 
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~Semiconductor 

ADVANCE INFORMATION 

54AC/74AC350 • 54ACT/74ACT350 
4-Bit Shifter with TRI-STATE® Outputs 

General Description Features 
The 'AC/'ACT350 is a specialized multiplexer that accepts a 
4-bit word and shifts it o, 1, 2 or 3 places, as determined by 
two Select (So, S1) inputs. For expansion to longer words, 
three linking inputs are provided for lower-order bits; thus 
two packages can shift an 8-bit word, four packages a 16-bit 
word, etc. Shifting by more than three places is accom
plished by paralleling the TRI-STATE outputs of different 
packages and using the Output Enable (OE) inputs as a 
third Select level. With appropriate interconnections, the 
'AC/'ACT350 can perform zero-backfill, sign-extend or end
around (barrel) shift functions. 

• Linking inputs for word expansion 

Logic Symbols 

So 

s, 
OE 

L3 

1-2 

'-1 

lo 

1, 

12 

13 

L3 '-2 1_1 lo 11 12 13 
So 

S1 

OE 

TL/F/9957-1 

IEEE/I EC 

Oo 

01 

02 

03 

TL/F/9957-4 

• TRI-STATE ouputs for extending shift range 
• 'ACT350 has TTL-compatible inputs 

Connection Diagrams 
Pin Assignment for Pin Assignment 

DIP, SOIC and Flatpak for LCC 

12 11 NC lo Lt 

L3 16 Vee [[] rn rn rn rn 
1_2 15 Oo 

'-1 14 01 13 rn 
lo 4 13 OE GND [QI 

11 5 12 02 
NC [I] 

S1 [j] 
12 6 11 03 So Im 
13 7 10 So 

GND 8 9 s, [i}][BJ[6Jli1Jfi81 
I I o3 o2 NC OE 01 

TL/F/9957-2 

Pin Names Description 

So, S1 Select Inputs 

l-3-13 Data Inputs 
OE Output Enable Input (Active LOW) 

Oo-03 TRI-STATE Outputs 
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a Semiconductor 
54AC/74AC373 • 54ACT/74ACT373 
Octal Transparent Latch with TRI-STATE® Outputs 

General Description 
The 'AC/'ACT373 consists of eight latches with TRI-STATE 
outputs for bus organized system applications. The flip-flops 
appear transparent to the data when Latch Enable (LE) is 
HIGH. When LE is LOW, the data that meets the setup time 
is latched. Data appears on the bus when the Output Enable 
(OE) is LOW. When OE is HIGH, the bus output is in the 
high impedance state. 

Ordering Code: see section 5 

Logic Symbols 

Features 
• Eight latches in a single package 
• TRI-STATE outputs for bus interfacing 
• Outputs source/sink 24 mA 
• 'ACT373 has TTL-compatible inputs 

Connection Diagrams 

Pin Assignment 

IEEE/I EC 
for DIP, Flatpak and SOIC 

Oo 

01 

Oz 

03 

04 

05 

05 

07 

TL/F/9958-2 

Pin Names Description 

Do-07 Data Inputs 
LE Latch Enable Input 
OE Output Enable Input 
Oo-01 TRI-STATE Latch Outputs 

4-188 

6E 
Oo 

Do 

D1 

o, 
Oz 

Dz 

D3 

03 

GND 

1 20 

2 19 

3 18 

4 17 

5 16 

6 15 

7 14 

8 13 

9 12 

10 11 

Pin Assignment 
for LCC 

~°'i0201D1 
oommmrn 

Vee 

07 

~ 
D5 

05 

05 

D5 

D4 

04 

LE 

TL/F /9958-3 

G~~:o~~~ LE[]] [I] OE 
04~ ~Vee 
D41i] [J])07 

H] Im [§] [Z] Im 
Ds 05 05 Os 0, 

TL/F/9958-4 



Functional Description 
The 'AC/'ACT373 contains eight D-type latches with TRI
STATE standard outputs. When the Latch Enable (LE) input 
is HIGH, data on the Dn inputs enters the latches. In this 
condition the latches are transparent, i.e., a latch output will 
change state each time its D input changes. When LE is 
LOW, the latches store the information that was present on 
the D inputs a setup time preceding the HIGH-to-LOW tran
sition of LE. The TRI-STATE standard outputs are con
trolled by the Output Enable (OE) input. When OE is LOW, 
the standard outputs are in the 2-state mode. When OE is 
HIGH, the standard outputs are in the high impedance mode 
but this does not interfere with entering new data into the 
latches. 

Logic Diagram 

Truth Table 
Inputs 

LE OE 

x H 
H L 
H L 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
Z = High Impedance 
X = Immaterial 

Outputs 

Dn On 

x z 
L L 
H H 
x Oo 

0 0 = Previous o0 before HIGH to Low transition of Latch Enable 

TL/F/9958-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T sTG) 

-20mA 
+20mA 

-0.5V to Vee+ 0.5V 

-20mA 
+20mA 

-0.5VtotoVcc + 0.5V 

±50mA 

±50mA 

- 65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 2.0V to 6.0V 
'ACT 4.5V to 5.5V 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (T J) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vcc ® 3.0V 
Vcc ® 4.5V 
Vcc ® 5.5V 

Input Rise and Fall Time Ctr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vcc ® 4.5V 
Vee® 5.5V 

OVtoVcc 

ovto Vee 

-40°C to +85°C 
- 55°C to + 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) -55°C to+ 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 VouT = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v orVcc - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVcc - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

Vm Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +25°C 

TA= TA= 
Units Conditions (V) -55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

loz Maximum TRI-ST ATE® V1 (OE) = VIL• V1H 
Current 5.5 ±0.5 ±10.0 ±5.0 µA V1 =Vee. GND 

Vo= Vee. GND 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•AH outputs loaded; thresholds on input associated with output under test. 

tMaxlmum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.SV Vee. 
ice for 54AC ® 2s·c is identical to 74AC ® 25'C. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee 
TA= +25°C 

TA= TA= 
Units Conditions 

(V) -55°C to+ 125°C -40°C to +as0 c 
Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

VouT = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - o.1v 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

VouT = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 orVcc - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

louT = -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 v loH 

-24mA 
5.5 4.86 4.70 4.76 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

louT = 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input Leakage Current 5.5 ±0.1 ±1.0 ±1.0 µA V1 =Vee. GND 

loz Maximum TRI-ST ATE® 
5.5 ±0.5 ±10.0 ±5.0 µA V1 =VIL• V1H 

Current Vo= Vcc.GND 

lccT Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1V 
Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

lo HD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

lee Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT@ 25'C is identical to 74ACT@ 25'C. 

4-191 



('I) 
...... 
('I) AC Electrical Characteristics 

Symbol Parameter 

tPLH Propagation Delay 
Dn to On 

tPHL Propagation Delay 
Dn to On 

tPLH Propagation Delay 
LE to On 

tPHL Propagation Delay 
LE to On 

tpzH Output Enable Time 

tpzL Output Enable Time 

tpHz Output Disable Time 

tpLZ Output Disable Time 

•voltage Range 3.3 is 3.3V ± 0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 

Vee• 
(V) 

Min 

3.3 1.5 
5.0 1.5 

3.3 1.5 
5.0 1.5 

3.3 1.5 
5.0. 1.5 

3.3 1.5 
5.0 1.5 

3.3 1.5 
5.0 1.5 

3.3 1.5 
5.0 1.5 

3.3 1.5 
5.0 1.5 

3.3 1.5 
5.0 1.5 

AC Operating Requirements 

Symbol Parameter 

ts Setup Time, HIGH or LOW 
Dn to LE 

th Hold Time, HIGH or LOW 
Dn toCP 

tw LE Pulse Width, 
HIGH 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 

Vee• 
(V) 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

74AC 

TA= +2s0 c 
CL= SOpF 

Typ Max 

10.0 13.5 
7.0 9.5 

9.5 13.0 
7.0 9.5 

10.0 13.5 
7.5 9.5 

9.5 12.5 
7.0 9.5 

9.0 11.5 
7.0 8.5 

8.5 11.5 
6.5 8.5 

10.0 12.5 
8.0 11.0 

8.0 11.5 
6.5 8.5 

74AC 

TA= +2s0 c 
CL= 50pF 

Typ 

3.5 5.5 
2.0 4.0 

-3.0 1.0 
-1.5 1.0 

4.0 5.5 
2.0 4.0 
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54AC 74AC 

TA= -ss·c TA= -40°c 
Fig. 

to+ 12s0 c to +as·c Units 
CL= SOpF CL= SOpF 

No. 

Min Max Min Max 

1.0 16.5 1.5 15.0 
2-5 

1.0 11.5 1.5 10.5 
ns 

1.0 16.0 1.5 14.5 
2-5 

1.0 11.5 1.5 10.5 
ns 

1.0 16.5 1.5 15.0 
2-6 

1.0 12.0 1.5 10.5 
ns 

1.0 15.0 1.5 14.0 
2-6 

1.0 11.0 1.5 10.5 
ns 

1.0 14.0 1.0 13.0 
2-7 

1.0 10.5 1.0 9.5 
ns 

1.0 13.5 1.0 13.0 
2-8 

1.0 10.0 1.0 9.5 
ns 

1.0 16.0 1.0 14.5 
2-7 

1.0 13.5 1.0 12.5 
ns 

1.0 13.0 1.0 12.5 
2-8 

1.0 10.5 1.0 10.0 
ns 

54AC 74AC 

TA= -ss·c TA= -4o·c 
Fig. 

to + 12s·c to +as·c Units 
No. 

CL= 50pF CL= SOpF 

Guaranteed Minimum 

6.5 6.0 
2-9 

5.0 4.5 
ns 

1.0 1.0 
2-9 

1.0 1.0 
ns 

6.5 6.0 
2-6 

5.0 4.5 
ns 



AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee• TA= +25°c 
TA= -5s0 c TA= -40°c 

Fig. 
Symbol Parameter to+ 12s·c to +B5°C Units (V) CL= 50pF 

CL= 50pF CL= 50 pf 
No. 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 
5.0 2.5 8.5 10.0 1.0 12.5 1.5 11.5 ns 2-5 

Dn to On 

tPHL Propagation Delay 
5.0 2.0 8.0 10.0 1.0 12.5 1.5 11.5 ns 2-5 

Dn to On 

tPLH Propagation Delay 
5.0 2.5 8.5 11.0 1.0 12.5 2.0 11.5 ns 2-6 

LE to On 

tPHL Propagation Delay 
5.0 2.0 8.0 10.0 1.0 11.5 1.5 11.5 ns 2-6 

LE to On 

tpzH Output Enable Time 5.0 2.0 8.0 9.5 1.0 11.5 1.5 10.5 ns 2-7 

tpzL Output Enable Time 5.0 2.0 7.5 9.0 1.0 11.0 1.5 10.5 ns 2-8 

tpHz Output Disable Time 5.0 2.5 9.0 11.0 1.0 14.0 2.5 12.5 ns 2-7 

tpLz Output Disable Time 5.0 1.5 7.5 8.5 1.0 11.0 1.0 10.0 ns 2-8 

•voltage Range 5.0 is 5.0V ± 0.5V 

AC Operating Requirements 
74ACT 54ACT 74ACT 

Vee• TA= +25°C 
TA= -55°C TA= -40°c 

Fig. 
Symbol Parameter (V) CL= 50 pf 

to+ 12s·c to +B5°C Units 
No. 

CL= 50pF CL= 50 pf 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 
5.0 3.0 7.0 8.5 8.0 ns 2-9 

Dn to LE 

th Hold Time, HIGH or LOW 
5.0 0 0 1.0 1.0 ns 2-9 

Dn to LE 

tw LE Pulse Width, HIGH 5.0 2.0 l.0 8.5 a.o ii5 2-S 

•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 

Cpo Power Dissipation 
40.0 pF 

Vee= 5.0V 
Capacitance 
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~National 
D Semiconductor 
54AC/74AC374 • 54ACT/74ACT374 
Octal D Flip-Flop with TRI-STATE® Outputs 

General Description 
The 'AC/'ACT374 is a high-speed, low-power octal D-type 
flip-flop featuring separate D-type inputs for each flip-flop 
and TRI-ST ATE outputs for bus-oriented applications. A 
buffered Clock (CP) and Output Enable (OE) are common to 
all flip-flops. 

Ordering Code: see section 5 

Logic Symbols 

Features 
• Buffered positive edge-triggered clock 
• TRI-STATE outputs for bus-oriented applications 
• Outputs source/sink 24 mA 
• See '273 for reset version 
• See '377 for clock enable version 
• See '373 for transparent latch version 
• See '574 for broadside pinout version 
• See '564 for broadside pinout version with inverted 

outputs 
• 'ACT374 has TIL-compatible inputs 

Connection Diagrams 

IEEE/IEC Pin Assignment 

Do D1 D2 D3 D4 D5 D5 £'7 

CP 

OE 

TLIF/9959-1 

Pin Names Description 

Do-D7 Data Inputs 
CP Clock Pulse Input 
OE TRI-STATE Output Enable Input 
Oo-07 TRI-STATE Outputs 

Oo 

o, 
02 

03 

04 

05 

05 

07 

TLIF /9959-2 
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for DIP, Flatpak and SOIC 

CiE 
Oo 
Do 

o, 
o, 
02 

D2 

D3 

03 

GND 

03 []] 
GND [Q] 

CP [i] 

04 !i11 
D4 Im 

20 

2 19 

3 18 

4 17 

5 16 

6 15 

7 14 

8 13 

12 

10 11 

Pin Assignment 
for LCC and PCC 

D3 Dz o2 o1 o1 
rn m rn rn m 

li3l l!m [§] IIZl@I 
Ds0505D5£'7 

Vee 

07 

°'7 
D5 

05 

05 

D5 

D4 

04 

CP 

TL/F/9959-3 

moo 
moo 
OJCiE 
@Vee 
li]]07 

TLIF/9959-4 



Functional Description 
The 'AC/'ACT374 consists of eight edge-triggered flip-flops 
with individual D-type inputs and TRI-STATE true outputs. 
The buffered clock and buffered Output Enable are com
mon to all flip-flops. The eight flip-flops will store the state of 
their individual D inputs that meet the setup and hold time 
requirements on the LOW-to-HIGH Clock (CP) transition. 
With the Output Enable (OE) LOW, the contents of the eight 
flip-flops are available at the outputs. When the OE is HIGH, 
the outputs go to the high impedance state. Operation of 
the OE input does not affect the state of the flip-flops. 

Logic Diagram 

Truth Table 
Inputs 

Dn CP 

H _r 

L _r 

x x 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
../" = LOW-to-HIGH Transition 

Outputs 

OE On 

L H 
L L 
H z 

TL/F/9959-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1> 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current U1K) 
V1 = -0.5V 
V1 =Vee+ 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGNo) 

Storage Temperature (T sm) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

- 65°C to + 15o•c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met. without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 2.0V to 6.0V 
'ACT 4.5V to 5.5V 

Input Voltage (Vi) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, tt) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vcc ® 3.0V 
Vec@4.5V 
Vee@ 5.5V 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee@4.5V 
Vec@5.5V 

OVtoVee 

OVtoVcc 

- 4o•c to + 85°C 
- 55°C to + 125•c 

115•c 
14o•c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= Units Conditions (V) -ss·c to+ 12s·c - 4o•c to + es·c 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = o.1v 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA V1 = Vcc.GND 

Leakage Current 

4-196 



DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +25°C 

TA= TA= 
Units Conditions (V) -ss·c to+ 12s·c - 4o•c to + as·c 

Typ Guaranteed Limits 

loz Maximum TRI-STATE® V1 (OE) = VIL• V1H 
Current 5.5 ±0.5 ±10.0 ±5.0 µA V1 =Vee. GND 

Vo= Vee. GND 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: liN and Ice@ 3.0V are guaranteed to be less than or equal to the respective limit@ 5.5V Vee. 

Ice for 54AC@ 2s·c Is identical to 74AC@ 2s·c. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee 
TA= +2s0 c 

TA= TA= 
Units Conditions (V) - ss·c to + 12s·c - 4o•c to + as·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

Vour = o.1v 
Input Voltage 5.5 1.5 2.0 2.0 2.0 orVcc - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

Vour = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 orVcc - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

lour= -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

·v1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH 
-24mA 

5.5 4.86 4.70 4.76 -24mA 
-

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

lour= 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

•v1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

v, =Vee. GND 
Leakage Current 

loz Maximum TRI-STATE® 
5.5 ±0.5 ±10.0 ±5.0 µA 

V1 =VIL• V1H 
Current Vo= Vcc.GND 

leer Maximum 
5.5 0.6 1.6 1.5 mA 

v 1 =Vee - 2.1v 
Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

IQHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Ice for 54ACT@ 2s•c is Identical to 74ACT@ 2s•c. 

4-197 



AC Electrical Characteristics 
74AC 54AC 74AC 

Vee• TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter to+ 125°C to +85°C Units 

(V) CL= 50pF 
CL= 50pF CL= 50pF 

No. 

Min Typ Max Min Max Min Max 

fmax Maximum Clock 3.3 60 110 60 60 
MHz 2-3 

Frequency 5.0 100 155 95 100 

tPLH Propagation Delay 3.3 3.0 11.0 13.5 1.0 16.5 1.5 15.5 
2-6 

CPtoOn 5.0 2.5 8.0 9.5 1.0 12.0 1.5 10.5 
ns 

tPHL Propagation Delay 3.3 2.5 10.0 12.5 1.0 15.0 2.0 14.0 
2-6 

CPtoOn 5.0 2.0 7.0 9.0 1.0 11.0 1.5 10.0 
ns 

tpzH Output Enable Time 3.3 3.0 9.5 11.5 1.0 14.0 1.5 13.0 
2-7 

5.0 2.0 7.0 8.5 1.0 10.5 1.0 9.5 
ns 

tpzL Output Enable Time 3.3 2.5 9.0 11.5 1.0 14.0 1.5 13.0 
2-8 

5.0 2.0 6.5 8.5 1.0 10.5 1.0 9.5 
ns 

tpHz Output Disable Time 3.3 3.0 10.5 12.5 1.0 16.0 2.0 14.5 
2-7 

5.0 2.0 8.0 11.0 1.0 12.5 2.0 12.5 
ns 

tpLz Output Disable Time 3.3 2.0 8.0 11.5 1.0 13.0 1.0 12.5 
2-8 

5.0 1.5 6.5 8.5 1.0 10.5 1.0 10.0 
ns 

•voltage Range 3.3 is 3.3V ± 0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements 
74AC 54AC 74AC 

Vee* TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter to+ 125°C to +85°C Units 

(V) CL= 50pF 
CL= 50 pF CL= 50 pF 

No. 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 3.3 2.0 5.5 6.5 6.0 
2-9 

DntoCP 5.0 1.0 4.0 5.0 4.5 
ns 

th Hold Time, HIGH or LOW 3.3 -1.0 1.0 1.0 1.0 
2-9 

DntoCP 5.0 0 1.5 1.5 1.5 
ns 

tw CP Pulse Width, 3.3 4.0 5.5 6.5 6.0 
2-6 

HIGH or LOW 5.0 2.5 4.0 5.0 4.5 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 
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AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee• TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter (V) CL= 50 pf 

to+ 125°C to +85°C Units 
No. 

CL= 50 pf CL= 50pF 

Min Typ Max Min Max Min Max 

fmax Maximum Clock 
5.0 100 160 70 90 MHz 2-3 

Frequency 

tpLH Propagation Delay 
5.0 2.0 8.5 10.0 1.0 12.0 2.0 11.5 ns 2-6 

CPtoOn 

tpHL Propagation Delay 
5.0 2.0 8.0 9.5 1.0 11.5 1.5 11.0 ns 2-6 

CPtoOn 

tpzH Output Enable Time 5.0 2.0 8.0 9.5 1.0 11.5 1.5 10.5 ns 2-7 

tpzL Output Enable Time 5.0 1.5 8.0 9.0 1.0 11.5 1.5 10.5 ns 2-8 

tpHz Output Disable Time 5.0 1.5 8.5 11.5 1.0 13.0 1.0 12.5 ns 2-7 

tpLz Output Disable Time 5.0 1.5 7.0 8.5 1.0 11.0 1.0 10.0 ns 2-8 

•voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements 
74ACT 54ACT 74ACT 

Vee• TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter to + 125°C to +85°C Units (V) CL= 50pF 

CL= 50pF CL= 50 pf 
No. 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 
5.0 1.0 7.0 8.5 8.0 ns 2-9 

D0 toCP 

th Hold Time, HIGH or LOW 
5.0 0 1.5 1.5 1.5 ns 2-9 

Dn to CP 

tw CP Pulse Width, 
5.0 2.5 7.Q 8.5 8.0 2~6 

HIGH or LOW "v 

•voltage Range 5.0 1s 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo 
Power Dissipation 

80.0 pF 
Vee= 5.ov 

Capacitance 
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~National 
D Semiconductor 
54AC/74AC377 • 54ACT/74ACT377 
Octal D Flip-Flop with Clock Enable 

General Description Features 
• Ideal for addressable register applications The 'AC/'ACT377 has eight edge-triggered, D-type flip-flops 

with individual D inputs and Q outputs. The common buff
ered Clock (CP) input loads all flip-flops simultaneously, 
when the Clock Enable (CE) is LOW. 

• Clock enable for address and data synchronization 

The register is fully edge-triggered. The state of each D in
put, one setup time before the LOW-to-HIGH clock tran
sition, is transferred to the corresponding flip-flop's Q out
put. The CE input must be stable only one setup time prior 
to the LOW-to-HIGH clock transition for predictable opera
tion. 

Ordering Code: See Section 5 

Logic Symbols 

applications 
• Eight edge-triggered D flip-flops 
• Buffered common clock 
• Outputs source/sink 24 mA 
• See '273 for master reset version 
• See '373 for transparent latch version 
• See '37 4 for TRI-ST ATE® version 
• 'ACT377 has TTL-compatible inputs 

Connection Diagrams 

IEEE/I EC Pin Assignment 

Do D1 Dz D3 D4 Ds D5 ~ 
CE 
CP 

ep 

CE Do Oo 

Oo 01 02 03 04 Os 05 07 D1 01 

D2 02 

TL/F/9961-1 D3 03 

D4 04 

D5 05 

D5 05 

~ 07 

TL/F/9961-2 

Pin Names Description 

Do-D1 Data Inputs 
CE Clock Enable (Active LOW) 
Oo-01 Data Outputs 
CP Clock Pulse Input 
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for DIP, Flatpak and SOIC 

CE 
Oo 

Do 

D1 

01 

02 

D2 

D3 

03 

GND 

o3 rn 
GND [QI 

CP [j] 

04 ll] 
D4 Im 

1 20 

2 19 

3 18 

4 17 

5 16 

15 

7 14 

8 13 

12 

10 11 

Pin Assignment 
forLCC 

~ ~ 02 01 D1 
oo m rn rn rn 

li]li]]B]li1Jri]] 

Ds0505D5~ 

Vee 
07 

~ 
Ds 

Os 

05 

D5 

D4 

04 

CP 

TL/F/9961-3 

rno0 
moo 
m CE 
~Vee 
ll]07 

TL/F/9961-4 



Mode Select-Function Table 

Operating Mode 
Inputs 

CP CE Dn 

Load '1' _/ L H 

Load 'O' _/ L L 

Hold (Do Nothing) 
_/ H x 
x H x 

Logic Diagram 

Outputs 

On 

H 

L 

No Change 
No Change 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
.../" = LOW-to-HIGH Clock Transition 

o, DJ 
TL/F/9961-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -a.5V to + 7.av 

DC Input Diode Current (l1K) 
V1 = -a.5V 
V1 =Vee+ a.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -a.5V 
Vo = Vee + a.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current Clo) 

DC Vee or Ground Current 
per Output Pin Clee or IGND) 

Storage Temperature (T si-G) 

-2amA 
+2amA 

-a.5VtoVee + a.5V 

-2amA 
+2amA 

-a.5V to to Vee + a.5V 

±5amA 

±5amA 

- 65°C to + 15o•c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 2.av to 6.av 
'ACT 4.5V to 5.5V 

Input Voltage (Vi) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 3a% to 7a% of Vee 
Vee® 3.av 
Vee® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr. t1) 
(Note 2) fl:ypical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from a.av to 2.aV, Vmeas 
from a.av to 2.av 
Vee® 4.5V 
Vee@ 5.5V 

av to Vee 

av to Vee 

-4a0 c to + a5°C 
- 55°C to + 125°C 

115·c 
14a·c 

15a ns/V 
4a ns/V 
25 ns/V 

1a ns/V 
ans/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) -ss·c to+ 12s0 c - 4o•c to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 3.a 1.5 2.1 2.1 2.1 VouT = a.1v 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v orVec - a.1V 

5.5 2.75 3.a5 3.a5 3.a5 

V1L Maximum Low Level 3.a 1.5 0.9 a.9 a.9 VouT = a.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVee - a.1v 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.a 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.a 2.56 2.4 2.46 -12mA 
4.5 3.a6 3.7 3.76 v loH -24mA 
5.5 4.a6 4.7 4.76 -24mA 

Vol Maximum Low Level 3.a o.ao2 a.1 a.1 0.1 louT = 5a µA 
Output Voltage 4.5 a.aa1 0.1 0.1 0.1 v 

5.5 o.ao1 a.1 0.1 a.1 

*V1N = V1L or V1H 
3.a a.36 a.5a a.44 12mA 
4.5 a.36 a.5a a.44 v loL 24mA 
5.5 0.36 a.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.a ±1.a µA 

V1 = Vee.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +2s0 c 

TA= TA= 
Units Conditions 

(V) -ss·c to + 12s·c - 4o·c to + as·c 

Typ Guaranteed Limits 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

IQHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee· 
Ice for 54AC@ 2s·c is identical to 74AC@ 2s·c. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +2s·c 
TA= TA= 

Units Conditions 
(V) -ss·c to + 12s0 c - 4o•c to + as·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

VouT = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - o.1v 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

VouT = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vee - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

louT = -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH 
-24mA 

5.5 4.86 4.70 4.76 -24mA 

Vol Maximum Low Level 4.5 0.001 0.1 0.1 0.1 v louT = 50 µA 
Output Voltage ti.ti 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

v, =Vee. GND 
Leakage Current 

lccT Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1V 
Ice/Input 

IQLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

IQHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT @ 25°C is identical to 7 4ACT @ 2s·c. 
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..... ..... 
Cf) AC Electrical Characteristics 

Symbol Parameter 

fmax Maximum Clock 
Frequency 

tPLH Propagation Delay 
CPtoOn 

tPHL Propagation Delay 
CPtoOn 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

Vee* 
(V) 

Min 

3.3 90 
5.0 140 

3.3 3.0 
5.0 2.0 

3.3 3.5 
5.0 2.5 

AC Operating Requirements 

Symbol Parameter 

ts Setup Time, HIGH or LOW 
DntoCP 

th Hold Time, HIGH or LOW 
DntoCP 

ts Setup Time, HIGH or LOW 
CEtoCP 

th Hold Time, HIGH or LOW 
CEtoCP 

tw CP Pulse Width 
HIGH or LOW 

•voltage Range 3.3 is 3.0V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

Vee* 
(V) 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

74AC 

TA= +25°C 
CL= 50pF 

Typ Max 

125 
175 

8.0 13.0 
6.0 9.0 

8.5 13.0 
6.5 10.0 

74AC 

TA= +25°C 
CL= 50pF 

Typ 

3.5 5.5 
2.5 4.0 

-2.0 0 
-1.0 1.0 

4.0 6.0 
2.5 4.0 

-3.5 0 
-2.0 1.0 

3.5 5.5 
2.5 4.0 
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54AC 74AC 

TA= -55°C TA= -40°C 
Fig. 

to +125°C to +85°C Units 
No. 

CL= SOpF CL= SOpF 

Min Max Min Max 

75 75 
MHz 2-3 

95 125 

1.0 14.0 1.5 14.0 
2-6 

1.0 10.0 1.5 10.0 
ns 

1.0 15.0 2.0 14.5 
2-6 

1.0 11.0 1.5 11.0 
ns 

54AC 74AC 

TA= -55°C TA= -40°C 
Fig. 

to+ 125°C to +85°C Units 
CL= 50pF CL= 50pF 

No. 

Guaranteed Minimum 

7.5 6.0 
2-9 

6.0 4.5 
ns 

1.5 0 
2-9 

2.5 1.0 
ns 

9.5 7.5 
2-9 

6.0 4.5 
ns 

1.0 0 
2-9 

2.0 1.0 
ns 

6.5 6.0 
2-6 

5.0 4.5 
ns 



AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee• TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter to+ 125°C to +85°C Units 

No. (V) CL= 50pF 
CL= 50pF CL= 50pF 

Min Typ Max Min Max Min Max 

fmax Maximum Clock 
5.0 140 175 85 125 MHz 2-3 

Frequency 

tPLH Propagation Delay 
5.0 3.0 6.5 9.0 1.0 11.0 2.5 10.0 ns 2-6 

CPtoOn 

tPHL Propagation Delay 
5.0 3.5 7.0 10.0 1.0 12.0 2.5 11.0 ns 2-6 

CPto On 
•voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements 
74ACT 54ACT 74ACT 

Vee• TA= +25°C 
TA= -55°C TA= -40°c 

Fig. 
Symbol Parameter to+ 125°C to +85°C Units 

No. (V) CL= 50pF 
CL= 50pF CL= 50pF 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 
5.0 2.5 4.5 7.0 5.5 ns 2-9 

Dn toCP 

th Hold Time, HIGH or LOW 
5.0 -1.0 1.0 1.0 1.0 ns 2-9 

Dn toCP 

ts Setup Time, HIGH or LOW 
5.0 2.5 4.5 7.0 5.5 ns 2-9 

CEtoCP 

th Hold Time, HIGH or LOW 
5.0 -1.0 1.0 1.0 1.0 ns 2-9 

CEtoCP 

tw CP Pulse Width 
5.0 2.0 4.0 5.5 4.5 ns 2-6 

HIGH or LOW 
•voltage Hange b.U 1s o.uv :tU.bl/ 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 

Cpo Power Dissipation 
90.0 pF Vee= 5.ov 

Capacitance 
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~National 
~Semiconductor 

54ACT/74ACT381 
4-Bit Arithmetic Logic Unit 

General Description 
The 'ACT381 performs three arithmetic and three logic op
erations on two 4-bit words, A and B. Two additional select 
input codes force the function outputs LOW or HIGH. Carry 
propagate and generate outputs are provided for use with 
the 'AC/'ACT182 carry lookahead generator for high-speed 
expansion to longer word lengths. 

Logic Symbols 

ADVANCE INFORMATION 

Features 
• Low input loading minimizes drive requirements 
• Performs six arithmetic and logic functions 
• Selectable LOW (clear) and HIGH (preset) functions 
• Carry generate and propagate outputs for use with 

carry lookahead generator 
• 'ACT381 has TTL-compatible inputs 

Connection Diagrams 

Pin Assignment for 
DIP, SOIC and Flatpak 

Pin Assignment 
for LCC 

Cn Ao Bo A1 81 A2 82 A3 83 A1 

S2 B1 

S1 Ao 

So ro F1 F2 F3 Bo 

So 

TL/F/9962-1 
51 

52 

ro 

r1 
IEEE/I EC GND 

So 

51 

52 

en 

Ao (I) ro 
Bo 

A1 p 
(2) 

B1 Q 
r1 

A2 p 
(4) 

B2 Q 
r2 

A3 p 
(8) 

B3 Q 
r3 

TL/F/9962-4 

20 

19 

3 18 

4 17 

5 16 

6 15 

14 

13 

9 12 

10 11 

Pin Names 

Ao-A3 
Bo-83 
So-S2 
Cn 
G 
p 
Fo-F3 

4-206 

Vee 
ro Si 51 So Bo 
[[] c:z:rn:m:i rn 

F1[filo[IJA0 GND IIQJ mB1 
r2 [j] OJ A1 
r3[J] · ~Vee 
GI]] !I21A2 

A2 

B2 

A3 

B3 

en 
p 

G 
r3 

r2 

TL/F/9962-2 

Description 

A Operand Inputs 
B Operand Inputs 
Function Select Inputs 
Carry Input 

[8] llli Ii] [ZI Ii]] 

PCr,B3A3B2 

Carry Generate Output (Active LOW) 
Carry Propagate Output (Active LOW) 
Function Outputs 

TL/F/9962-3 



~National 
~Semiconductor 

54ACT /7 4ACT399 
Quad 2-Port Register 

General Description 
The 'ACT399 is the logical equivalent of a quad 2-input mul
tiplexer feeding into four edge-triggered flip-flops. A com
mon Select input determines which of the two 4-bit words is 
accepted. The selected data enters the flip-flop on the rising 
edge of the clock. 

Ordering Code: see section 5 

Logic Symbols 

eP 

TL/F/9789-1 

IEEE/I EC 

S_JG1 MUX 

CP 

loa 

l1a Oa 

lob 

l1b ob 

lac 

l1c Oc 

lad 

l1d od 

TL/F/9789-5 

Pin Names Description 

s Common Select Input 
CP Clock Pulse Input 

loa-lod Data Inputs from Source O 

l1a-l1d Data Inputs from Source 1 
Oa-Od Register True Outputs 

Features 
• Select inputs from two data sources 
• Fully positive edge-triggered operation 
• Outputs source/sink 24 mA 
• 'ACT399 has TTL-compatible inputs 

Connection Diagrams 
Pin Assignment 

for DIP, Flatpak and SOIC 

s 16 Vee 
Oa 2 15 od 

loa 3 14 lod 

l1a 4 13 l1d 

l1b 5 12 l1c 
1ob 6 11 loc 

ob 7 10 Oc 

GND 8 CP 

Pin Ai;i;lgnment 
for LCC 

lob l1b NC l1a loa 
rn m rn rn m 

ob m rnoa 
GND IIQI ms 

NC [i] [I]NC 
CP Ii] @!Vee 
Oc Ii] CT]]Od 

liJJ lim Ii] [i]J Ii] 

lac l1c NC l1d loa 
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Functional Description Function Table 

The 'ACT399 is a high-speed quad 2-port register. It selects 
four bits of data from either of two sources (Ports) under 
control of a common Select input (S). The selected data is 
transferred to a 4-bit output register synchronous with the 
LOW-to-HIGH transition of the Clock input (CP). The 4-bit 
D-type output register is fully edge-triggered. The Data in
puts (lox. l1x) and Select input (S) must be stable only a 
setup time prior to and hold time after the LOW-to-HIGH 
transition of the Clock input for predictable operation. 

Inputs Outputs 

Logic Diagram 

s lo 

L L 
L H 
H x 
H x 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

11 

x 
x 
L 
H 

.../" = LOW-to-HIGH Clock Transition 

CP Q 

.../ L 

.../ H 

.../ L 

.../ H 

TL/F/9789-4 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1) Recommended Operating 
If Military I Aerospace specified devices are required, Conditions 
please contact the Natlonal Semiconductor Sales 

Supply Voltage (Vee) 
Office/Distributors for avallablllty and specifications. 

'AC 2.0Vto6.0V 
Supply Voltage (Vee) -0.5Vto +7.0V 'ACT 4.5Vto 5.5V 
DC Input Diode Current (l1K) Input Voltage (V1) OVtoVcc 

V1 = -0.5V -20mA 
Output Voltage (Vo) OVtoVcc 

V1 = Vee + 0.5V +20mA 

DC Input Voltage (V1) -0.5V to Vee + 0.5V 
Operating Temperature (TA) 

74AC/ACT -40°C to + 85°C 
DC Output Diode Current (loK) 54AC/ACT - 55•c to + 125•c 

Vo= -0.5V -20mA 
Junction Temperature (T J) 

Vo = Vee + o.sv +20mA 
CDIP + 175°C 

DC Output Voltage (Vo) -0.5VtoVcc + 0.5V PDIP + 140°C 
DC Output Source or Sink Current (lo) ±50mA Input Rise and Fall Time (tr. t1) 
DC Vee or Ground Current (Note 2) (Typical) 

per Output Pin (Ice or IGND) ±50mA (Except Schmitt Inputs) 'AC Devices 

Storage Temperature (T srn) - 65°C to + 150°C V1N from 30% to 70% of Vee 

Note 1: Absolute maximum ratings are those values beyond which damage Vcc@3.0V 150 ns/V 
to the device may occur. The databook specifications should be met, without Vee@ 4.5V 40 ns/V 
exception, to ensure that the system design is reliable over its power supply, Vee@ 5.5V 25 ns/V 
temperature, and output/input loading variables. National does not recom-

Input Rise and Fall Time (tr, t1) mend operation of FACTTM circuits outside databook specifications. 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vce@4.5V 10 ns/V 
Vee@ 5.5V 8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Electrical Characteristics for 'ACT Family Devices 

74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= 2s·c 
TA= TA= 

Units Conditions {V) - ss·c to + 12s·c - 4o·c to + as·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.U 2.0 2.0 
v 

Vou1 ~ 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 orVcc -0.1V 

V1l Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

Vour = o.1v 
Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vee - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

lour= -50 µA 
5.5 5.49 5.4 5.4 5.4 

*V1N = Vil or V1H 
4.5 3.86 3.70 3.76 v loH -24mA 
5.5 4.85 4.70 4.76 -24mA 

Vol Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

lour= 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = Vil or V1H 
4.5 0.36 0.50 0.44 v lol 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA V1 = Vcc.GND 

Leakage Current 

leer Maximum Ice/Input 5.5 0.6 1.6 1.5 mA V1 =Vee -2.1V 

lolo tMinimum Dynamic 5.5 50 75 mA Volo= 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHo = 3.85V Min 

Ice Maximum Quiescent 5.5 
8.0 160 80 µA 

V1N =Vee 
Supply Current or Ground (Note 3) 

Note 3: Ice for the 54ACT device is identical to the 7 4ACT device at 25'C. 
*All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 

4-209 

w 
co 
co 



O> 
O> 
C") AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations 

74ACT 54ACT 74ACT 

Vee* 
TA= +25°C 

TA, Vee= Mil TA, Vee= Com 
Symbol Parameter Vee= +5.0V Units 

(V) 
CL= 50 pf 

CL= 50pF CL= 50pF 

Min Typ Max Min Max Min Max 

fmax Input Clock Frequency 5.0 165 160 90 160 MHz 

tpLH Propagation Delay 
5.0 1.5 7.0 8.0 10.0 1.5 8.5 ns 

CPtoQ 

tpHL Propagation Delay 
5.0 2.0 6.0 9.0 10.0 2.0 9.5 ns 

CPtoQ 

•voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements: See Section 2 for Waveforms 

74ACT 54ACT 74ACT 

Symbol Parameter Vee* TA= +25°c TA= -55°C to+ 125°C TA= -40°c to +85°C 
Units 

(V) CL= 50 pf CL= 50 pf CL= 50 pf 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 
5.0 3.0 2.5 3.5 2.5 ns 

In to CP 

th Hold Time, HIGH or LOW 
5.0 0 1.0 3.0 1.0 ns 

lntoCP 

ts Setup Time, HIGH or LOW 
5.0 3.0 4.0 6.0 4.0 ns 

StoCP 

th Hold Time, HIGH or LOW 
5.0 -1.0 0.5 2.5 0.5 ns 

StoCP 

tw CP Pulse Width 
5.0 5.5 3.5 5.0 3.5 

HIGH or LOW 
ns 

•voltage Range 5.0 is 5.0V ±0.5V · 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation Capacitance 30 pF Vee= 5.0V 
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Fig. 
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Fig. 
No. 
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~National a Semiconductor 
54AC/74AC520 • 54ACT/74ACT520 
8-Bit Identity Comparator 

General Description 
The 'AC/'ACT520 are expandable 8-bit comparators. They 
compare two words of up to eight bits each and provide a 
LOW output when the two words match bit for bit. The ex
pansion input IA = s also serves as an active LOW enable 
input. 

Ordering Code: see section 5 

Logic Symbols 

Pin Names 

Ao-A7 
Bo-87 

IEEE/I EC 

'>;:~ 
A,=J

0l I 
A2 

A3 

A-4 

As 

A5 

A1 

Bo 

e, 
Bz 

83 

e .. 
Bs 

85 

87 

1P=Q 

Q 

Description 

Word A Inputs 
Word B Inputs 

OA=B 

TA= B Expansion or Enable Input 

QA= B Identity Output 

Features 
• Compares two 8-bit words in 6.5 ns typ 
• Expandable to any word length 
• 20-pin package 
• Outputs source/sink 24 mA 
• 'ACT520 has TTL-compatible inputs 

Connection Diagrams 

TL/F/10194-1 

TL/F/10194-4 

Pin Assignment 
for DIP, Flatpak and SOIC 

TA=B 

Ao 

Bo 

A1 

s, 
A2 

82 

A3 

83 

GND 

s3 rn 
GND [QI 

A-4 [j] 
. s .. ~ 

As ff] 

1 20 Vee 
2 19 OA=B 

18 87 

4 17 A1 

5 16 85 

6 15 As 

7 14 Bs 

8 13 As 

9 12 s .. 
10 11 A-4 

TL/F/10194-2 

Pin Assignment 
for LCC 

A3 Bz A2 81 A1 
rnJ m [[] rn m 

[j])[m[j]][j]li]] 

85 As 85 A1 S, 

[}]Bo 

[I)Ao 

[I]TA=B 

~Vee 
IIID OA=B 

TL/F/10194-3 
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0 
N 
i.n Truth Table 

Inputs 

IA= B 

L 
L 
H 
H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

A,B 

A= B* 
A*B 
A = B* 
A*B 

*Ao = Bo. A1 = B1, A2 = B2. etc. 

Logic Diagram 

Vee 

Outputs 

OA= B 

L 
H 
H 
H 

Bo 

e, 

82 

83 

OA=B 

84 

85 

85 

87 

TA=B 

TL/F/10194-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
v, =Vee+ 0.5V 

DC Input Voltage (Vi) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (Tsrn) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

- 65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vee@ 3.ov 
Vee@ 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee® 4.5V 
Vee® 5.5V 

2.0Vto 6.0V 
4.5Vto 5.5V 

ovtoVcc 

OVto Vee 

- 40°C to + 85°C 
- 55°C to + 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Vee TA= TA= 
Symbol Parameter 

(V) 
TA= +25°C 

-55°C to + 125°C - 40°C to + 85°C 
Units Conditions 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 VouT = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - o.1v 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 VouT = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 louT = -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

•v1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

Vol Maximum Low Level 3.0 0.002 0.1 0.1 0.1 louT = 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

•v1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 
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0 
N 
Lt) DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions (V) -ss·c to + 12s0 c - 4o·c to + ss·c 

Typ Guaranteed Limits 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: l1N and Ice@ 3.0V are guaranteed to be less than or equal to the respective limit@ 5.5V Vee. 

Ice for 54AC @ 25°C is identical to 7 4AC @ 25°C. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions (V) -ss·c to+ 12s0 c - 4o•c to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

VouT = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - o.1v 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

VouT = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 orVcc - o.1v 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

louT = -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH 
-24mA 

5.5 4.86 4.70 4.76 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

louT = 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

v, =Vee. GND 
Leakage Current 

lccT Maximum 
5.5 0.6 1.6 1.5 mA 

v 1 =Vee - 2.1v 
Ice/Input 

loLD t Minimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: lee for 54ACT @ 2s·c is identical to 7 4ACT @ 25°C. 
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AC Electrical Characteristics 

Symbol Parameter 

tPLH Propagation Delay 
AnorBntoOA = B 

tPHL Propagation Delay 
AnorBntoOA = B 

tPLH Propagation Delay 
TA= s to DA= s 

tPHL Propagation Delay 
TA= s toOA = s 

•voltage Range 3.3 is 3.3V ± 0.3V 
Voltage Range 5.0 Is 5.0V ±0.5V 

Vee• 
(V) 

Min 

3.3 4.0 
5.0 2.5 

3.3 4.5 
5.0 3.0 

3.3 3.5 
5.0 2.5 

3.3 3.5 
5.0 2.5 

AC Electrical Characteristics 

Vee• 
Symbol Parameter 

(V) 

Min 

tPLH Propagation Delay 
5.0 3.0 

AnorBntoOA = B 

tPHL Propagation Delay 
5.0 3.0 

An or Bn to OA = s 

tPLH Propagation Delay 
5.0 2.0 

TA= s toOA = s 

tPHL Propagation Delay 
5.0 2.5 

TA= s to OA = s 

74AC 

TA= +25°C 
CL= 50pF 

Typ Max 

7.5 11.5 
5.5 8.5 

8.0 12.0 
5.5 9.0 

5.5 8.5 
4.5 6.5 

5.5 8.5 
4.5 6.5 

74ACT 

TA= +25°C 
CL= 50pF 

Typ Max 

5.5 8.5 

6.0 10.0 

4.0 6.0 

5.0 7.5 
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54AC 74AC 

TA= -55°C TA= -40°C 
to+ 125°C to +B5°C 
CL= 50 pf CL= 50pF 

Min Max Min Max 

3.0 13.0 
2.0 9.5 

3.5 13.5 
2.5 10.0 

2.5 9.5 
2.0 7.0 

2.5 9.5 
2.0 7.0 

54ACT 74ACT 

TA= -55°C TA= -40°C 
to+ 125°C to +B5°C 
CL= 50 pf CL= 50pF 

Min Max Min Max 

2.5 9.5 

2.5 11.5 

2.0 6.5 

2.0 8.5 

Units 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

Fig. 
No. 

2-6 

2-6 

2-6 

2-6 

Fig. 
No. 

2-6 

2-6 

2-6 

2-6 

(J1 
N 
0 



Q 
N 
Lt) Capacitance 

Symbol Parameter 

C1N Input Capacitance 

Cpo Power Dissipation Capacitance 

Applications 

ENABLE 
LOW 

AC/ACT 
Units 

Typ 

4.5 pF 

40 pF 

Ripple Expansion 

Parallel Expansion 

A1 B7 As Ba A15 815 
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Conditions 

Vee= 5.0V 

Vee= 5.0V 

TL/F/10194-6 
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~National 
D Semiconductor 
54AC/74AC521•54ACT/74ACT521 
8-Bit Identity Comparator 

General Description 
The 'AC/'ACT521 is an expandable 8-bit comparator. It 
compares two words of up to eight bits each and provides a 
LOW :jutput when the two words match bit for bit. The ex
pansion input TA = s also serves as an active LOW enable 
input. 

Ordering Code: see sections 

Features 
• Compares two 8-bit words in 6.5 ns typ 
• Expandable to any word length 
• 20-pin package 
• Outputs source/sink 24 mA 
• 'ACT521 has TTL-compatible inputs 

Logic Symbols Connection Diagrams 

Pin Names 

Ao-A7 
Bo-87 
TA= B 

OA= B 

IEEE/I EC 

TA=Bn 
Ao 

A1 

A2 

A3 

A4 

As 

As 

A1 7 1P=Q 

Bo 0 

B1 

B2 

B3 

B4 

Bs 

Bs 

Q 

B1 ._1 ____ _. 

Description 

Word A Inputs 
Word B Inputs 
Expansion or Enable Input 
Identity Output 

TL/F/9964-1 

TL/F/9964-4 
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Pin Assignment 
for DIP, Flatpak and SOIC 

TA=B 1 20 Vee 
Ao 2 19 OA=B 
Bo 3 18 B1 

A1 4 17 A1 

B, 5 16 Bs 

A2 6 15 As 

B2 7 14 Bs 

A3 8 13 As 

B3 9 12 B4 

GND 10 11 A4 

TL/F/9964-2 

Pin Assignment 
for LCC 

A3 92 Ai B1 A1 
rn ITm:m:m::i 

B3 [!] QJB0 
GND Ii]] [II Ao 

A4 [j] OJTA=B 
B4 ll11 ~Vee 
As ff] Ii]] OA=B 

lGI Ii]) [§] [ZJ Ii]] 

Bs As Bs A1 87 
TL/F/9964-3 

U1 
I\) ...... 

a 



Truth Table 
Inputs Outputs 

jA = B A,B QA= B 

L A= B* L 
L A*B H 
H A = B* H 
H A*B H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
*Ao = Bo. A1 = 81, A2 = 82. etc. 

Logic Diagram 

Ao 

80---(>o b 
A1 
0,---(>o b 
A2 

82---(>o b 
A3 . b 83---(>o 

OA=B 
A4 b 84---(>o 

As 

85---(>o b 
As 

8s---(>o b 
A1 

87---(>o b 
TA=B 

TL/F/9964-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T srn) 

-20mA 
+20mA 

-0.5VtoVcc + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

- 65°C to + 150°c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, output/input loading variables. National does not recommend 
operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (Vi) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vce ® 3.0V 
Vec@4.5V 
Vee@5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from O.BV to 2.0V 
Vee@4.5V 
Vee@ 5.5V 

2.0Vto 6.0V 
4.5Vto 5.5V 

OVtoVcc 

OVtoVcc 

- 40°C to + B5°C 
- 55°C to + 125°C 

115°c 
14o·c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Vee TA= TA= Symbol Parameter (V) TA= +2s0 c 
-ss·c to+ 12s0 c - 40°c to + ss·c 

Units Conditions 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = o.1v 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v orVee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = o.1v 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 =Vee. GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices ccontinued) 

74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +25°C 

TA= TA= 
Units Conditions 

(V) - 55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: 11N and Ice ® 3.0V are guaranteed to be less than or equal to the respective limit ® 5.5V Vee-
Ice for 54AC ® 2s·c is identical to 74AC ® 2s·c. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee 
TA= +25°C 

TA= TA= 
Units Conditions 

(V) - ss·c to + 12s0 c - 4o•c to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

VouT = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

VouT = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 orVcc - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

louT = -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

·v1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH 
-24mA 

5.5 4.86 4.70 4.76 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

louT = 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

·v1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 

leer Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1V 
Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

IQHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT ® 25'C is identical to 7 4ACT ® 25°C. 
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AC Electrical Characteristics 

Symbol Parameter 

tPLH Propagation Delay 

An or Bn to QA = B 

tPHL Propagation Delay 

An or Bn to QA = B 

tPLH Propagation Delay 

TA= B to QA= B 

tpHL Propagation Delay 

iA = stoQA = B 
•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

Vee• 
(V) 

Min 

3.3 3.5 
5.0 2.5 

3.3 4.5 
5.0 3.0 

3.3 3.0 
5.0 2.5 

3.3 3.0 
5.0 2.0 

AC Electrical Characteristics 

Vee• Symbol Parameter (V) 

Min 

tPLH Propagation Delay 
5.0 3.0 

An or Bn to QA = B 

tPHL Propagation Delay 
5.0 3.0 

An or Bn to QA = B 

tPLH Propagation Delay 
5.0 2.0 

TA= stoQA = B 

tPHL Propagation Delay 
5.0 2.5 

iA = B to QA= B 
•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 

C1N Input Capacitance 

74AC 

TA= +2s0 c 
CL= SO pf 

Typ Max 

7.0 11.0 
5.0 8.0 

7.5 11.5 
5.5 8.5 

5.5 8.0 
4.0 6.0 

5.5 8.0 
4.0 6.0 

74ACT 

TA= +2s0 c 
CL= 50 pf 

Typ Max 

5.5 9.0 

6.0 10.0 

4.0 6.5 

5.0 7.5 

AC/ACT 

Typ 

4.5 

Cpo Power Dissipation Capacitance 40 
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54AC 74AC 

TA= -ss·c TA= -40°c Fig. 
to+ 12s·c to +as·c Units 

No. 
CL= SO pf CL= SO pf 

Min Max Min Max 

3.0 12.0 
2-6 

2.0 9.0 
ns 

3.5 12.5 
2-6 

2.5 9.0 
ns 

2.5 9.0 
2-6 

2.0 7.0 
ns 

2.5 9.0 
2-6 

2.0 7.0 
ns 

54ACT 74ACT 

·TA= -ss·c TA= -40°c Fig. 
to+ 12s·c to +as·c Units 
CL= SO pf CL= 50pF 

No. 

Min Max Min Max 

2.5 9.5 ns 2-6 

2.5 11.0 ns 2-6 

2.0 7.0 ns 2-6 

2.0 8.0 ns 2-6 

Units Conditions 

pF Vee= 5.0V 

pF Vee= 5.ov 

a 



Applications 

ENABLE 
LOW 

Ripple Expansion 

Parallel Expansion 

A1 B1 As Be A15 Bis 
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~National 
~Semiconductor 

54ACT /7 4ACT534 
Octal D Flip-Flop with TRI-STATE® Outputs 

General Description 
The 'ACT534 is a high-speed, low-power octal 0-type flip
flop featuring separate 0-type inputs for each flip-flop and 
TRI-STATE outputs for bus-oriented applications. A buff
ered Clock (CP) and Output Enable (OE) are common to all 
flip-flops. The 'ACT534 is the same as the 'ACT374 except 
that the outputs are inverted. 

Ordering Code: see section 5 

Logic Symbols 

Features 
• Edge-triggered 0-type inputs 
• Buffered positive edge-triggered clock 
• TRI-STATE outputs for bus-oriented applications 
• Outputs source/sink 24 mA 
• 'ACT534 has TTL-compatible inputs 
Iii Inverted output version of 'ACT374 

Connection Diagrams 

IEEE/I EC Pin Assignment 

Do D1 Dz DJ D4 D5 D5 D1 OE 
for DIP, Flatpak and SOIC 

CP CP OE 20 Vee 
OE 

Do 

D1 

D2 
TL/F/9965-1 

DJ 

D4 

D5 

D5 

Oo 2 19 07 
Oo 

Do 3 18 DJ 
01 

D1 4 17 D5 
Oz 

01 5 16 05 
03 

02 6 15 05 
04 

D2 7 14 D5 
05 

D5 8 13 D4 
05 

03 9 12 04 
o, 

GND110 11rc" 
TL/F/9965-2 

TL/F/9965-3 

Pin Assignment 
forLCC Pin Names Description 

D5 Dz Oz 61 D1 
rn m lil rn rn 

Do-07 Data Inputs 
CP Clock Pulse Input 
OE TRI-STATE Output Enable Input 
Oo-01 Complementary TRI-STATE Outputs 

03 [[] al Do 
GND Ii]] moo 

CP [i] ITJOE 
04 fill ~Vee 
D4 [j] ll]J 07 

[111l]]~[Z][ID 

D5 05 05 D5 DJ 
TL/F/9965-4 
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Functional Description 
The 'ACT534 consists of eight edge-triggered flip-flops with 
individual D-type inputs and TRI-STATE complementary 
outputs. The buffered clock and buffered Output Enable are 
common to all flip-flops. The eight flip-flops will store the 
state of their individual D inputs that meet the setup and 
hold times requirements on the LOW-to-HIGH Clock (CP) 

Logic Diagram 

transition. With the Output Enable (OE') LOW, the contents 
of the eight flip-flops are available at the outputs. When the 
OE is HIGH, the outputs go to the high impedance state.' 
Operation of the OE input does not affect the state of the 
flip-flops. 

TL/F/9965-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 

Function Table 

Inputs 

CP 

_/ 

_/ 

L 
x 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X =Immaterial 

OE 

L 
L 
L 
H 

../ = LOW-to-HIGH Clock Transition 
Z = High Impedance 

D 

H 
L 
x 
x 

Do = Value stored from previous clock cycle 

Output 

0 
L 
H 

Do 
z 
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Absolute Maximum Rating (Note 1) Recommended Operating 
If Miiitary I Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vee) 
Office/Distributors for avallablllty and specifications. 

'AC 2.0Vto6.0V 
Supply Voltage (Vee) -0.5V to +7.0V 'ACT 4.5Vto 5.5V 
DC Input Diode Current (l1K) Input Voltage (V1) ov to Vee 

V1 = -0.5V -20mA 
Output Voltage (Vo) OVtoVcc 

v, = Vee + o.5V +20mA 

DC Input Voltage (V1) -0.5V to Vee + 0.5V 
Operating Temperature (TA) 

74AC/ACT - 40°C to + 85°C 
DC Output Diode Current (loK) 54AC/ACT - 55°C to + 125°C 

Vo= -0.5V -20mA 
Junction Temperature (TJ) 

Vo = Vee + 0.5V +20mA CDIP 175°C 
DC Output Voltage (Vo) -0.5V to to Vee+ 0.5V PDIP 140°C 
DC Output Source Input Rise and Fall Time (tr. t1) 

or Sink Current (lo) ±50mA (Note 2) (Typical) 
DC Vee or Ground Current (Except Schmitt Inputs) 'AC Devices 

per Output Pin (Ice or IGND) ±50mA V1N from 30% to 70% of Vee 

Storage Temperature (T srn) - 65°C to + 150°C Vcc ® 3.0V 150 ns/V 

Note 1: Absolute maximum ratings are those values beyond which damage Vcc@4.5V 40 ns/V 
to the device may occur. The databook specifications should be met, without Vee@ 5.5V 25 ns/V 
exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (tr, t1) 
temperature, and output/input loading variables. National does not recom-

(Note 2) (Typical) mend operation of FACT™ circuits outside databook specifications. 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee@ 4.5V 10 ns/V 
Vee@ 5.5V 8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= TA= TA= 
Units Conditions 

(V) +25°C -55°C to+ 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

Vour = o.1v 
Input Voltage 5.5 1.5 2.0 2.0 2.0 orVcc - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

Vour = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 orVcc - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

lour= -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH 
-24mA 

5.5 4.86 4.70 4.76 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

lour= 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input Leakage Current 5.5 ±0.1 ±1.0 ±1.0 µA v, = Vcc.GND 

loz Maximum TRI-ST ATE® 
5.5 ±0.5 ±10.0 ±5.0 µA V1 =VIL• V1H 

Current Vo= Vcc.GND 

leer Maximum 
5.5 0.6 1.6 1.5 mA 

v, =Vee - 2.1v 
Ice/Input 
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DC Characteristics for 'ACT Family Devices ccontinued) 

74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= TA= TA= 
Units Conditions 

(V) +25°c -55°C to+ 125°C -40°c to + 85°C 

Typ Guaranteed Limits 

loLD tMinimum Dynamic 5.5 50 75 mA Volo = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

VrN =Vee 
Supply Current orGND 

•Au outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT@ 25°C is identical to 74ACT@ 25°C. 

AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee* TA= +25°C 
TA= -55°C TA= -4o·c 

Fig. 
Symbol Parameter to + 125°C to +85°C Units (V) CL= 50 pf 

CL= 50pF CL= 50 pf 
No. 

Min Typ Max Min Max Min Max 

fmax Maximum Clock 
5.0 100 85 120 MHz 2-3 

Frequency 

tpLH Propagation Delay 
5.0 2.5 6.5 11.5 1.0 14.0 2.0 12.5 ns 2-6 

CPtoOn 

tpHL Propagation Delay 
5.0 2.0 6.0 10.5 1.0 13.0 2.0 12.0 ns 2-6 

CPtoOn 

tpzH Output Enable Time 5.0 2.5 6.5 12.0 1.0 14.0 2.0 12.5 ns 2-7 

tpzL Output Enable Time 5.0 2.0 6.0 11.0 1.0 13.0 2.0 11.5 ns 2-8 

tpHz Output Disable Time 5.0 1.5 7.0 12.5 1.0 14.5 1.0 13.5 ns 2-7 

tpLz Output Disable Time 5.0 1.5 5.5 10.5 1.0 11.5 1.0 10.5 ns 2-8 

•voltage Range 5.0 is 5.0V ± 0.5V 

AC Operating Requirements 
74ACT 54ACT 74ACT 

Vee* TA= +25°c 
TA= -55°C TA= -40°c 

Fig. 
Symbol Parameter to+ 125°C to +85°C Units (V) CL= 50pF 

CL= 50pF CL= 50pF 
No. 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 
5.0 1.0 3.5 5.0 4.0 ns 2-9 

DntoCP 

th Hold Time, HIGH or LOW 
5.0 -1.0 1.0 3.0 1.5 ns 2-9 

DntoCP 

tw CP Pulse Width 
5.0 2.0 3.5 5.0 3.5 2-6 

HIGH or LOW 
ns 

•voltage Range 5.0 is 5.0V ±0.5V 
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Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation 
40.0 pF Vee= 5.0V 

Capacitance 
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~National 
~Semiconductor 

54AC/74AC540 • 54ACT/74ACT540 
Octal Buffer/Line Driver with TRI-STATE® Outputs 

General Description 
The 'AC/'ACT540 is an octal buffer/line drivers designed to 
be employed as memory and address drivers, clock drivers 
and bus oriented transmitter/receivers. 

These devices are similar in function to the 'AC/'ACT240 
while providing flow-through architecture (inputs on oppo
site side from outputs). This pinout arrangement makes 
these devices especially useful as output ports for micro
processors, allowing ease of layout and greater PC board 
density. 

Features 
• TRI-STATE inverting outputs 
• Inputs and outputs opposite side of package, allowing 

easier interface to microprocessors 
• Output source/sink 24 mA 
• 'ACT540 has TIL-compatible inputs 

The Information for the 'ACT540 Is Advanced Information only. 

Ordering Code: see section 5 

Logic Symbol 

IEEE/I EC 

lo 

12 

13 

14 

15 

Is 

17 

Truth Table 
Inputs 

OE1 OE2 

L L 
H x 
x H 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 

I 

H 
x 
x 
L 

Oo 

01 

02 

03 

04 
05 

Os 

07 

TL/F/9966-1 

Outputs 

L 
z 
z 
H 

Connection Diagrams 

Pin Assignment 
for DIP, Flatpak and SOIC 

fil1~1-----. 

lo 

11 

12 

13 

14 

15 
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TL/F/9966-3 

Pin Assignment 
forLCC 

Is 15 14 13 12 
rn::i m rn rn rn 

17 rn rn 11 
GNDli]J [I] lo 

07 [i] rllfl l~~~.+jCJ~ [jJ Of, 
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Absolute Maximum Rating (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -a.5V to+ 7.av 

DC Input Diode Current (l1K) 
V1 = -a.5V 
V1 = Vee + a.5V 

DC Input Voltage (V1) 

DC Output Diode Current UoK) 
Vo= -a.5V 
Vo = Vee + a.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T sTG) 

-2amA 
+2amA 

-a.5V to Vee + a.5V 

-2amA 
+2amA 

-a.5V to to Vee + a.5V 

±5amA 

±5amA 

-65°C to + 15a°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (Vi) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. tf) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 3a% to 7a% of Vee 
Vee® 3.av 
Vee@ 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from a.av to 2.aV, Vmeas 
from a.av to 2.av 
Vee@ 4.5V 
Vee® 5.5V 

2.aVto6.aV 
4.5Vto5.5V 

av to Vee 

av to Vee 

- 4a0 c to + a5°C 
- 55°C to + 125°C 

175°C 
14a0 c 

15a ns/V 
4a ns/V 
25 ns/V 

1a ns/V 
a ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter 
Vee 

TA= +25°C 
TA= TA= 

Units Conditions 
(V) -55°C to+ 125°C - 40°C to + 85°C 

Typ Guaranteed Limits - . 

V1H Minimum High Level 3.a 1.5 2.1 2.1 2.1 Vour = a.1v 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v orVcc - a.1v 

5.5 2.75 3.a5 3.a5 3.a5 

V1L Maximum Low Level 3.a 1.5 a.9 a.9 a.9 Vour = a.1v 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVcc - a.1v 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.a 2.99 2.9 2.9 2.9 lour= -5a µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.a 2.56 2.4 2.46 -12mA 

4.5 3.86 3.7 3.76 v loH -24mA 

5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.a a.aa2 a.1 0.1 a.1 lour= 5a µA 
Output Voltage 4.5 o.aa1 a.1 a.1 a.1 v 

5.5 a.aa1 a.1 a.1 a.1 

*V1N = V1L or V1H 
3.a 0.36 a.5a a.44 12mA 

4.5 a.36 a.5a a.44 v loL 24mA 

5.5 a.36 a.5a a.44 24mA 

l1N Maximum Input 
5.5 ±a.1 ±1.a ±1.a µA 

v, = Vcc.GND 

Leakage Current 
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DC Characteristics for 'AC Family Devices ccontinued) 

74AC 54AC 74AC 

Symbol Parameter Vee 
TA= +2s0 c 

TA= TA= 
Units Conditions 

(V) -ss•c to+ 12s·c - 4o•c to + ss·c 

Typ Guaranteed Limits 

loz Maximum TRI-STATE® V1 (OE) = VIL• V1H 
Current 5.5 ±0.5 ±10.0 ±5.0 µA V1 =Vee. GND 

Vo= Vee. GND 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

IQHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice ® 3.0V are guaranteed to be less than or equal to the respective limit ® 5.5V Vee· 
Ice for 54AC ® 25°C is identical to 74AC ® 25•c. 

AC Electrical Characteristics 
74AC 54AC 74AC 

Vee* TA= +2s0 c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter to+ 12s·c to +ss·c Units 

(V) CL= SOpF 
CL= 50pF CL= SOpF 

No. 

Min Typ Max Min Max Min Max 

tpLH Propagation Delay 3.3 1.5 5.5 7.5 1.0 9.0 1.0 8.0 
2-5 

Data to Output 5.0 1.5 4.0 6.0 1.0 7.0 1.0 6.5 
ns 

tpHL Propagation Delay 3.3 1.5 5.0 7.0 1.0 8.0 1.0 7.5 
2-5 

Data to Output 5.0 1.5 4.0 5.5 1.0 6.5 1.0 6.0 
ns 

tpzH Output Enable Time 3.3 3.0 8.5 11.0 1.0 13.0 2.5 12.0 
2-7 

5.0 2.0 6.5 8.5 1.0 10.0 2.0 9.5 
ns 

tpzL Output Enable Time 3.3 2'.5 7.5 10.0 1.0 12.0 2.0 11.0 
2-8 

5.0 2.0 6.0 7.5 1.0 9.0 1.5 8.5 
ns 

tpHz Output Disable Time 3.3 2.5 8.5 13.0 1.0 15.5 1.5 14.0 
2-7 

5.0 1.5 7.5 10.5 1.0 12.0 1.0 11.0 
ns 

tpLz Output Disable Time 3.3 2.5 7.0 10.0 1.0 12.0 2.0 11.0 
2-8 

5.0 1.5 6.0 8.0 1.0 10.0 1.5 9.0 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation 
30.0 pF Vee= 5.0V 

Capacitance 
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54AC/74AC541•54ACT/74ACT541 
Octal Buffer/Line Driver with TRI-STATE® Outputs 

General Description 
The 'AC/' ACT541 is an octal buffer /line driver designed to 
be employed as memory and address drivers, clock drivers 
and bus oriented transmitter/receivers. The 'AC/'ACT541 is 
a noninverting option of the 'AC/'ACT540. 

This device is similar in function to the 'AC/'ACT244 while 
providing flow-through architecture (inputs on opposite side 
from outputs). This pinout arrangement makes this device 
especially useful as an output port for microprocessors, al
lowing ease of layout and greater PC board density. 

The Information for the ACT541 Is Advanced Informa
tion only. 

Ordering Code: see Section 5 

Logic Symbol 
IEEE/I EC 

Features 
• TRI-STATE outputs 
• Inputs and outputs opposite side of package, allowing 

easier interface to microprocessors 
• Output source/sink 24 mA 
• 'ACT541 has TTL-compatible inputs 
• 'AC/'ACT540 provides inverted outputs 

Connection Diagrams 

Pin Assignment Pin Assignment 
forLCC 
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11 

12 

13 

14 

15 

15 

17 

Truth Table 
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H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
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Absolute Maximum Rating (Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (lrK) 
Vr = -0.5V 
v, = Vee + o.5V 

DC Input Voltage (Vr) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (lee or IGND) 

Storage Temperature (T sTG) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

-65°C to + 15o•c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 2.0V to 6.0V 
'ACT 4.5V to 5.5V 

Input Voltage (Vi) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr. tt) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vee@3.0V 
Vee@4.5V 
Vee@5.5V 

Input Rise and Fall Time (tr. tt) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
VrN from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee@4.5V 
Vee@5.5V 

OVto Vee 

OVtoVee 

-40°c to + 85°C 
- 55•c to + 125•c 

115·c 
14o·c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
{V) - ss·c to + 12s·c - 4o·c to + es·c 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 VouT = o.w 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v orVee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

VrL Maximum Low Level 3.0 1.5 0.9 0.9 0.9 VouT = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 louT = -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

•vrN = VrL or VrH 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

Vol Maximum Low Level 3.0 0.002 0.1 0.1 0.1 louT = 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

lrN Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

v, = Vee.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices ccontinued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) -55°C to + 12s0 c - 40°C to + 85°C 

Typ Guaranteed Limits 

loz Maximum TRI-STATE® V1 (OE) = VIL• V1H 
Leakage Current 5.5 ±0.5 ±10.0 ±5.0 µA v, =Vee. GND 

Vo= Vee. GND 

loLo tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHo 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

lee Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee-
Ice for 54AC @ 25'C is identical to 74AC @ 25'C. 

AC Electrical Characteristics 
74AC 54AC 74AC 

Vee* TA= +25°C 
TA= -55°C TA= -40°c 

Fig. 
Symbol Parameter to +125°C to +85'C Units 

(V) CL= 50 pf 
CL= 50pF CL= 50pF 

No. 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 3.3 2.0 5.5 8.0 1.0 10.0 1.5 9.0 
2-5 

Data to Output 5.0 1.5 4.0 6.0 1.0 7.0 1.0 6.5 
ns 

tPHL Propagation Delay 3.3 2.0 5.5 8.0 1.0 9.5 1.5 8.5 
2-5 

Data to Output 5.0 1.5 4.0 6.0 1.0 7.0 1.0 6.5 
ns 

tpzH Output Enable Time 3.3 3.0 8.0 11.5 1.0 13.5 3.0 12.5 
2-7 

5.0 2.0 6.0 8.5 1.0 10.0 1.5 9.5 
ns 

tpz!.. Output Enable Time 3.3 2.5 7.0 10.0 1.0 12.5 2.5 11.5 
2-S 

5.0 1.5 5.5 7.5 1.0 9.0 1.0 8.5 
...... 

tpHz Output Disable Time 3.3 3.5 9.0 12.5 1.0 15.0 2.5 14.0 
2-7 

5.0 2.0 7.0 9.5 1.0 12.0 1.0 10.5 
ns 

tpLz Output Disable Time 3.3 2.5 6.5 9.5 1.0 11.0 2.0 10.5 
2-8 

5.0 2.0 5.5 7.5 1.0 9.0 1.0 8.5 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation 
30.0 pF Vee= 5.0V 

Capacitance 
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ADVANCE INFORMATION 

54ACT/74ACT543 Octal Registered Transceiver 

General Description Features 
• 8-bit octal transceiver 
• Back-to-back registers for storage 

The 'ACT543 octal transceiver contains two sets of D-type 
latches for temporary storage of data flowing in either direc
tion. Separate Latch Enable and Output Enable inputs are 
provided for each register to permit independent control of 
inputting and outputting in either direction of data flow. 

• Separate controls for data flow in each direction 
• 300 mil slim package 
• 'ACT543 has TTL-compatible inputs 

Logic Symbols Connection Diagrams 

Ao ••••••••• A7 

OEAB 

OEBA 

CEAB 

CEBA 

LEAB 

LEBA 

Bo ••••••••• B7 

TL/F /9968-1 

IEEE/I EC 

ENI 

EN2 

2V Ao+-+..,v_1 ____ -t Bo 
A,+-+ _____ "" B1 
A2+-+..,_ ____ -t B2 
A3+-+..,_ ____ -t 83 
A .. +-+ _____ ... 

B" 
As+-+..,_ ____ -t Bs 
As+-+ _____ _ 

Bg 
A1+-+ _____ _. 

B1 

TL/F/9968-2 

Pin Names Description 

OEAB A-to-B Output Enable Input (Active LOW) 
OEBA B-to-A Output Enable Input (Active LOW) 
CEAB A-to-B Enable Input (Active LOW) 
CEBA B-to-A Enable Input (Active LOW) 
LEAB A-to-B Latch Enable Input (Active LOW) 
LEBA B-to-A Latch Enable Input (Active LOW) 

Ao-A7 A-to-B Data Inputs or 
B-to-A TRI-STATE® Outputs 

Bo-B7 B-to-A Data Inputs or 
A-to-B TRI-STATE Outputs 
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54ACT /7 4ACT544 
Octal Registered Transceiver 

General Description 
The 'ACT544 octal transceiver contains two sets of D-type 
latches for temporary storage of data flowing in either direc
tion. Separate Latch Enable and Output Enable inputs are 
provided for each register to permit independent control of 
inputting and outputting in either direction of data flow. The 
'ACT544 inverts data in both directions. 

Logic Symbols 

ADVANCE INFORMATION 

Features 
• 8-bit octal transceiver 
• Back-to-back registers for storage 
• Separate controls for data flow in each direction 
• 300 mil slim package 
• 'ACT544 has TTL-compatible inputs 

Connection Diagrams 

IEEE/I EC Pin Assignment for 
DIP and SOIC 

Pin Names 

OEAB 
OEBA 
CEAB 
CEBA 
LEAB 
LEBA 
Ao-liq 

80-87 

Ao···· ..... A7 

OEAB 

OEBA 

CEAB 

CEBA 

LEAB 

LEBA 

Bo ••••••••• B7 

TL/F/9969-1 

CEAB 

LEAB 

OEAB 

CEBA 

LEBA 

OEBA 

Ao 
A1 
A2 
A3 
A4 
As 

:<!:::1 

ENI 

Bo 
B1 
B2 
B3 
B4 
Bs 

~;~:; 
TL/F/9969-2 

Description 

A-to-B Output Enable Input (Active LOW) 
B-to-A Output Enable Input (Active LOW) 
A-to-B Enable Input (Active LOW) 
B-to-A Enable Input (Active LOW) 
A-to-B Latch Enable Input (Active LOW) 
B-to-A Latch Enable Input (Active LOW) 
A-to-B Data Inputs or B-to-A 
TRI-STATE® Outputs 
B-to-A Data Inputs or A-to-B 
TRI-STATE Outputs 
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54ACT /7 4ACT563 
Octal Latch with TRI-STATE® Outputs 

General Description 
The 'ACT563 is a high-speed octal latch with buffered com
mon Latch Enable (LE) and buffered common Output En
able (OE) inputs. 

The 'ACT563 device is functionally identical to the 'ACT573, 
but with inverted outputs. 

Ordering Code: see sections 

Logic Symbols 

Features 
• Inputs and outputs on opposite sides of package allow 

easy interface with microprocessors 
• Useful as input or output port for microprocessors 
• Functionally identical to 'ACT573 but with inverted 

outputs 
• Outputs source/sink 24 mA 
• 'ACT563 has TTL-compatible inputs 

Connection Diagrams 

IEEE/I EC Pin Assignment 

TL/F/9970-2 

Pin Names Description 

Do-D1 Data Inputs 
LE Latch Enable Input 
OE TRI-STATE Output Enable Input 

Oo-01 TRI-STATE Latch Outputs 
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Functional Description 
The 'ACT563 contains eight D-type latches with TRI-STATE 
complementary outputs. When the Latch Enable (LE) input 
is HIGH, data on the Dn inputs enters the latches. In this 
condition the latches are transparent, i.e., a latch output will 
change state each time its D input changes. When LE is 
LOW the latches store the information that was present on 
the D inputs a setup time preceding the HIGH-to-LOW tran
sition of LE. The TRI-STATE buffers are controlled by the 
Output Enable (OE) input. When OE is LOW, the buffers are 
in the bi-state mode. When OE is HIGH the buffers are in 
the high impedance mode but that does not interfere with 
entering new data into the latches. 

Logic Diagram 

Function Table 
Inputs 

OE LE D 

H x x 
H H L 
H H H 
H L x 
L H L 

L H H 
L L x 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
NC = No Change 

Internal 

Q 

x 
H 
L 

NC 
H 

L 
NC 

Outputs 
Function 

0 

z High-Z 

z High-Z 
z High-Z 

z Latched 

H Transparent 

L Transparent 

NC Latched 

TL/F/9970-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage (Vee) 
Office/Distributors for avallablllty and specifications. 'AC 2.0Vto 6.0V 
Supply Voltage (Vee) -0.5V to + 7.0V 'ACT 4.5Vto 5.5V 
DC Input Diode Current (111<) Input Voltage (Vi) OVtoVcc 

V1 = -0.5V -20mA Output Voltage (Vo) OVtoVcc 
V1 = Vee + 0.5V +20mA 

DC Input Voltage (Vi) -0.5V to Vee+ 0.5V 
Operating Temperature (TA) 

74AC/ACT -40°c to + 85°C 
DC Output Diode Current (loK) 54AC/ACT - 55°C to + 125°C 

Vo= -0.5V -20mA Junction Temperature {TJ) 
Vo = Vee + 0.5V +20mA CDIP 115·c 

DC Output Voltage (Vo) -0.5V to to Vee + 0.5V PDIP 14o•c 
DC Output Source Input Rise and Fall Time (tr, tf) 

or Sink Current (lo) ±50mA (Note 2) (Typical) 
DC Vee or Ground Current (Except Schmitt Inputs) 'AC Devices 

per Output Pin (Ice or IGNo) ±50mA V1N from 30% to 70% of Vee 

Storage Temperature (T sTG) -65°C to + 15o•c Vee® 3.0V 150 ns/V 

Note 1: Absolute maximum ratings are those values beyond which damage Vcc ® 4.5V 40 ns/V 
to the device may occur. The databook specifications should be met, without Vee® 5.5V 25 ns/V 
exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (tr, tf) 
temperature, and output/input loading variables. National does not recom- (Note 2) (Typical) mend operation of FACTTM circuits outside databook specifications. 

(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vcc ® 4.5V 10 ns/V 
Vee® 5.5V 8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) - ss·c to + 12s·c - 4o•c to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

VouT = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

VouT = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vee - o.1v 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

lour= -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH 
-24mA 

5.5 4.86 4.70 4.76 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

lour= 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA V1 = Vcc.GND 

Leakage Current 

loz Maximum TRI-STATE® 
5.5 ±0.5 ±10.0 ±5.0 µA V1 =VIL• V1H 

Current Vo= Vcc.GND 

leer Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1V 
lee/Input 
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DC Characteristics for 'ACT Family Devices (Continued) 

74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) -ss·c to+ 12s·c - 4o•c to + es·c 

Typ Guaranteed Limits 

IOLo tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHO = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Ice for 54ACT ® 25°C is identical to 7 4ACT ® 25°C. 

AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee* TA= +2s0 c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter to + 12s·c to +es·c Units 

(V) CL= 50pF 
CL= 50 pf CL= 50pF 

No. 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 
5.0 3.0 7.0 11.5 1.0 14.5 2.5 12.5 ns 2-5 

Dn to On 

tpHL Propagation Delay 
5.0 3.0 6.0 10.0 1.0 12.0 2.5 11.0 ns 2-5 

Dn to On 

tPLH Propagation Delay 
5.0 3.0 6.5 10.5 1.0 12.5 2.5 11.5 ns 2-6 

LE to On 

tPHL Propagation Delay 
5.0 2.5 5.5 9.5 1.0 11.5 2.0 10.5 ns 2-6 

LE to On 

tpzH Output Enable Time 5.0 2.5 5.5 9.0 1.0 11.5 2.0 10.0 ns 2-7 

tpzL Output Enable Time 5.0 2.0 5.5 8.5 1.0 11.0 2.0 9.5 ns 2-8 

t_, ·- O!.!!p!.!t Dls~b!9 Time 5.0 3.5 6.5 10.5 1.0 12.0 2.5 11.5 ns 2-7 "rnL 

tpLZ Output Disable Time 5.0 2.0 4.5 8.0 1.0 9.5 1.0 8.5 ns 2-8 

•voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements 
74ACT 54ACT 74ACT 

Vee* TA= +2s0 c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter 

(V) CL= 50pF 
to + 12s·c to +es·c Units 

No. 
CL= 50pF CL= 50pF 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 
5.0 1.5 4.0 4.5 4.5 ns 2-9 

Dn to LE 

th Hold Time, HIGH or LOW 
5.0 -2.0 0 1.5 0 ns 2-9 

Dn to LE 

tw LE Pulse Width, HIGH 5.0 2.0 3.0 5.0 3.0 ns 2-6 

•voltage Range 5.0 is 5.0V ±0.5V 
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Capacitance 

Symbol Parameter AC/ACT Units Conditions 
Typ 

CrN Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation 50.0 pF Vee= s.ov 
Capacitance 
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~National 
~Semiconductor 

54ACT /7 4ACT564 
Octal D Flip-Flop with TRI-STATE® Outputs 

General Description 
The 'ACT564 is a high-speed, low power octal flip-flop with 
a buffered common Clock (CP) and a buffered common 
Output Enable (OE). The information presented to the D 
inputs is stored in the flip-flops on the LOW-to-HIGH Clock 
(CP) transition. 

The 'ACT564 device is functionally identical to the 'ACT574, 
but with inverted outputs. 

Ordering Code: see sections 

Logic Symbols 

Features 
• Inputs and outputs on opposite sides of package allow 

easy interface with microprocessors 
• Useful as input or output port for microprocessors 
• Functionally identical to 'ACT574 but with inverted 

outputs 
• TRI-STATE outputs for bus-oriented applications 
• Outputs source/sink 24 mA 
• 'ACT564 has TTL-compatible inputs 

Connection Diagrams 

IEEE/I EC Pin Assignment 

Do D1 D2 03 D" 05 Ds 0., 
CP 

OE 

TL/F/9972-1 

Pin Names Description 

Do-D7 Data Inputs 
CP Clock Pulse Input 
OE TRI-STATE Output Enable Input 

Oo-01 TRI-STATE Outputs 
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for DIP, Flatpak and SOIC 

6E 20 Vee 

Do 2 19 c0 
o, 18 C1 

02 4 17 C2 

D3 16 C3 
D-4 6 15 c" 
o5 7 14 C5 

~-1: ::,:: 
GNDi .. 1_0 ____ 1_1 ~CP 

07 [[] 
GND Ii]] 

CP [j] 

C7 ff1] 
05 [j] 

Pin Assignment 
for LCC 

Ds Ds D4 D3 0i 
l!I m m rn rn 

ll]llJ]]li]]!Ill[ID 

Cs C4 C3 C2 c, 

TL/F /9972-3 

rno1 
moo 
OJO'E 
@!Vee 

l!:fil Co 

TL/F/9972-4 



Absolute Maximum Rating (Note 1> Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vee) 
Office/Distributors for availablllty and specifications. 

'AC 2.0Vto6.0V 
Supply Voltage (Vee) -0.5Vto +7.0V 'ACT 4.5Vto 5.5V 
DC Input Diode Current (l1K) Input Voltage (V1) OVtoVcc 

V1 = -0.5V -20mA 
Output Voltage (Vo) OVtoVcc 

V1 = Vee + 0.5V +20mA 

DC Input Voltage (Vi) -0.5V to Vee + 0.5V 
Operating Temperature (TA) 

74AC/ACT - 40°C to + 85°C 
DC Output Diode Current (loK) 54AC/ACT - 55°C to + 125°C 

Vo= -0.5V -20mA 
Junction Temperature (TJ) 

Vo = Vee + 0.5V +20mA CDIP 175°C 
DC Output Voltage (Vo) -0.5V to to Vee + 0.5V PDIP 140°C 
DC Output Source Input Rise and Fall Time (tr, tt) 

or Sink Current (lo) ±50mA (Note 2) (Typical) 
DC Vee or Ground Current (Except Schmitt Inputs) 'AC Devices 

per Output Pin (Ice or IGNo) ±50mA V1N from 30% to 70% of Vee 

Storage Temperature (Tsrn) - 65°C to + 150°C Vcc ® 3.0V 150 ns/V 

Note 1: Absolute maximum ratings are those values beyond which damage Vcc ® 4.5V 40 ns/V 
to the device may occur. The databook specifications should be met, without Vee® 5.5V 25 ns/V 
exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (tr, t1) 
temperature, and output/input loading variables. National does not recom-

(Note 2) (Typical) mend operation of FACTTM circuits outside databook specifications. 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from a.av to 2.ov 
Vcc ® 4.5V 10 ns/V 
Vcc ® 5.5V 8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee 
TA= +25°C 

TA= TA= 
Units Conditions 

(V) -55°C to+ 125°C -40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

Vour = o.1v 
Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - o.1v 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

Vour = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 orVcc - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

lour= -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH 
-24mA 

5.5 4.86 4.70 4.76 -24mA 

Vm Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

lour= 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 

loz Maximum TRI-STATE® 
5.5 ±0.5 ±10.0 ±5.0 µA 

V1 = V1L. V1H 
Leakage Current Vo= Vee. GND 

leer Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1V 
Ice/Input 

Imo tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHo 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 
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DC Characteristics for 'ACT Family Devices (Continued) 

74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) - 55°C to + 125°C - 4o·c to + B5°C 

Typ Guaranteed Limits 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA V1N =Vee 

Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT ® 25°C is identical to 74ACT@ 25°C. 

AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee• TA= +25°c 
TA= -55°C TA= -40°c 

Fig. 
Symbol Parameter to+ 125•c to +as·c Units 

(V) CL= 50pF 
CL= 50 pF CL= 50 pF 

No. 

Min Typ Max Min Max Min Max 

fmax Maximum Clock Frequency 5.0 85 90 65 75 MHz 2-3 

fPLH Propagation Delay, CP to On 5.0 2.0 6.5 10.5 1.0 12.5 1.5 11.5 ns 2-6 

fPHL Propagation Delay, CP to On 5.0 1.5 6.0 9.5 1.0 11.5 1.5 10.5 ns 2-6 

tpzH Output Enable Time 5.0 1.5 5.5 9.0 1.0 10.5 1.5 9.5 ns 2-7 

tpzL Output Enable Time 5.0 1.5 5.5 8.5 1.0 10.5 1.0 9.5 ns 2-8 

tpHZ Output Disable Time 5.0 1.5 7.0 10.5 1.0 12.5 1.5 11.5 ns 2-7 

tpLZ Output Disable Time 5.0 1.5 5.0 8.0 1.0 9.5 1.0 8.5 ns 2-8 
•voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements 
74ACT 54ACT 74ACT 

Vee• TA= +2s0 c 
TA= -55°C TA= -40°c 

Fig. 
Symbol Parameter to +125°C to +B5°C Units 

(V) CL= 50 pF 
CL= 50 pF CL= 50 pF 

No. 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 
5.0 1.0 2.5 3.5 3.0 ns 2-9 

Dn toCP 

th Hold Time, HIGH or LOW 
5.0 -0.5 1.0 2.5 1.0 ns 2-9 

Dn to GP 

tw LE Pulse Width, 
5.0 2.5 3.0 5.0 3.5 ns 2-6 

HIGH or LOW 
•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation Capacitance 50.0 pF Vee= 5.ov 
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~National a Semiconductor 

54ACT /7 4ACT573 
Octal Latch with TRI-STATE® Outputs 

General Description 
The 'ACT573 is a high-speed octal latch with buffered com
mon Latch Enable (LE) and buffered common Output En
able (OE) inputs. 

The 'ACT573 is functionally identical to the 'ACT373 but has 
inputs and outputs on opposite sides. 

Ordering Code: See section 5 

Logic Symbols 

Features 
• Inputs and outputs on opposite sides of package allow-

ing easy interface with microprocessors 
• Useful as input or output port for microprocessors 
• Functionally identical to 'ACT373 · 
• TRI-STATE outputs for bus interfacing 
• Outputs source/sink 24 mA 
• 'ACT573 has TTL-compatible inputs 

Connection Diagrams 

IEEE/I EC Pin Assignment 

Do D1 D2 D5 o.. D5 D5 ~ 
LE 

OE 
o0 o1 o2 o3 o" o5 Os o7 

TL/F/9973-1 

Pin Names Description 

Do-D1 Data Inputs 
LE Latch Enable Input 

OE 
LE 

Do 

D1 

D2 

D5 

D" 

D5 

Ds 

~ 

OE TRI-STATE Output Enable Input 
Oo-01 TRI-ST ATE Latch Outputs 

Oo 

01 

02 

03 

o .. 
05 

Os 

07 

TL/F /9973-2 
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for DIP, Flatpak and SOIC 

OE 1 20 Yee 
Do 2 19 Oo 

D1 3 18 01 

D2 4 17 02 

D5 5 16 03 

D4 15 04 

D5 7 14 05 

D5 8 13 05 

D1 9 12 07 

GND 10 11 LE 

TL/F /9973-3 

Pin Assignment 
for LCC 

Ds D5 D4 D3 D2 
oo i:z::m:rn::i rn 

D7 [ID rno1 
GND [QI moo 

LE [i] OJfil 
07 [j]J @!Yee 
051!] @Oo 

[j]]ffmli]]IIZJ[ID 

05 04 03 02 01 

TL/F/9973-4 



Functional Description 
The 'ACT573 contains eight D-type latches with TRI-STATE 
output buffers. When the Latch Enable (LE) input is HIGH, 
data on the Dn inputs enters the latches. In this condition 
the latches are transparent, i.e., a latch output will change 
state each time its D input changes. When LE is LOW the 
latches store the information that was present on the D in
puts a setup time preceding the HIGH-to-LOW transition of 
LE. The TRI-ST ATE buffers are controlled by the Output 
Enable (OE) input. When OE is LOW, the buffers are en
abled. When OE is HIGH the buffers are in the high imped
ance mode but this does not interfere with entering new 
data into the latches. 

Logic Diagram 

LE 

Truth Table 
Inputs 

OE 

L 
L 
L 
H 

H = HIGH Voltage 
L = LOW Voltage 
Z = High Impedance 
X = Immaterial 

LE 

H 
H 
L 
x 

Outputs 

D On 

H H 
L L 
x Oo 
x z 

Oo = Previous Oo before HIGH-to-LOW transition of Latch Enable 

07 
TL/F/9973-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1> 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5Vto +7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T sTG) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

- 65°C to + 15o•c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 2.0V to 6.0V 
'ACT 4.5V to 5.5V 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature {TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, ti) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vcc@3.0V 
Vcc@4.5V 
Vee@ 5.5V 

Input Rise and Fall Time (tr, ti) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from o.8V to 2.ov 
Vcc@4.5V 
Vee@ 5.5V 

OVtoVcc 

OVtoVcc 

- 4o•c to + 85°C 
- 55•c to + 125•c 

175°C 
14o•c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) -ss·c to+ 12s·c - 4o•c to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

Vour = o.w 
Input Voltage 5.5 1.5 2.0 2.0 2.0 orVcc - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

Vour = o.w 
Input Voltage 5.5 1.5 0.8 0.8 0.8 orVcc - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

lour= -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

•v1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH 
-24mA 

5.5 4.86 4.70 4.76 -24mA 

VOL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

lour= 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

•v1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA V1 = Vcc.GND 

Leakage Current 

loz Maximum TRI-STATE 
5.5 ±0.5 ±10.0 ±5.0 µA V1 =VIL• V1H 

Current Vo= Vcc.GND 
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DC Characteristics for 'ACT Family Devices (Continued) 

74ACT 54ACT 74ACT 

Symbol Parameter Vee 
TA= +2s0 c 

TA= TA= 
Units Conditions 

(V) - ss·c to + 12s0 c - 40°c to + as·c 

Typ Guaranteed Limits 

leer Maximum 
5.5 0.6 1.6 1.5 mA 

V1 =Vee - 2.1V 
Ice/Input 

lo LO tMinimum Dynamic 5.5 50 75 mA VoLo = 1.65V Max 

IQHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Ice for 54ACT ® 25°C Is identical to 74ACT ® 25°C. 

AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee• TA= +2s0 c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter 

(V) CL= 50pf 
to+ 12s0 c to +ss·c Units 

No. 
CL= 50pf CL= 50 pf 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 
5.0 2.5 6.0 10.5 1.0 13.5 2.0 12.0 ns 2-5 

DmtoOn 

tPHL Propagation Delay 
5.0 2.5 6.0 10.5 1.0 13.5 2.0 12.0 ns 2-5 

Dn to On 

tPLH Propagation Delay 
5.0 3.0 6.0 10.5 1.0 13.0 2.5 12.0 ns 2-6 

LE to On 

tPHL Propagation Delay 
5.0 2.5 5.5 9.5 1.0 12.0 2.0 10.5 ns 2-6 

LE to On 

tpzH Output Enable Time 5.0 2.0 5.5 10.0 1.0 11.ti i.5 1 i.O m; 2-7 

tpzL Output Enable Time 5.0 1.5 5.5 9.5 1.0 11.0 1.5 10.5 ns 2-8 

tpHz Output Disable Time 5.0 2.5 6.5 11.0 1.0 13.5 1.5 12.5 ns 2-7 

tpLZ Output Disable Time 5.0 1.5 5.0 8.5 1.0 10.5 1.0 9.5 ns 2-8 

•voltage Range 5.0 is 5.0V ±0.5V 

I 
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C") ..... 
&I) AC Operating Requirements 

74ACT 54ACT 74ACT 

Vee• TA= +25°c 
TA= -ss·c TA= -4D°C 

Fig. 
Symbol Parameter to+ 125°C to +as·c Units 

(V) CL= 50pF 
CL= 50pF CL= 50pF 

No. 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 
5.0 1.5 3.0 4.5 3.5 ns 2-9 

Dn to LE 

th Hold Time, HIGH or LOW 
5.0 -1.5 0 1.0 0 ns 2-9 

Dn to LE 

tw LE Pulse Width, HIGH 5.0 2.0 3.5 5.0 4.0 ns 2-6 

•voltage Range 5.0 is 5.0V ± 0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 5.0 pF Vee= 5.0V 

Cpo Power Dissipation 
25.0 

Capacitance 
Vee= 5.0V 

pF 
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~National 
~Semiconductor 

54AC/74AC574 • 54ACT/74ACT574 
Octal D-Type Flip-Flop with TRI-STATE® Outputs 

General Description Features 
The 'AC/'ACT574 is a high-speed, low power octal flip-flop 
with a buffered common Clock (CP) and a buffered common 
Output Enable (OE). The information presented to the D 
inputs is stored in the flip-flops on the LOW-to-HIGH Clock 
(CP) transition. 

• Inputs and outputs on opposite sides of package 
allowing easy interface with microprocessors 

• Useful as input or output port for microprocessors 
• Functionally identical to 'AC/' ACT37 4 
• TRI-STATE outputs for bus-oriented applications 
• Outputs source/sink 24 mA The 'AC/'ACT574 is functionally identical to the 'AC/ 

'ACT37 4 except for the pin outs. • 'ACT57 4 has TTL-compatible inputs 

Ordering Code: see section 5 

Logic Symbols 

Do D1 D2 03 D4 05 D5 ~ 
CP 

OE 
Oo 01 02 03 04 05 05 07 

TL/F/9910-1 

IEEE/I EC 

Do Oo 

01 01 

02 02 

03 03 

04 04 

D5 05 

05 05 

~ 07 

TL/F/9910-4 

Pin Names Description 

Do-D7 Data Inputs 
CP Clock Pulse Input 

Connection Diagrams 
Pin Assignment Pin Assignment 

for DIP, Flatpak and SOIC for LCC 

D5 Ds D4 D5 Di 
6E 20 Vee [[][I][fil[fil[!] 

Do 2 19 Oo 

01 3 18 01 07 [[] 

02 4 17 02 GNO !l]] 

03 5 16 03 
CP 1IiJ 
07~ 

04 6 15 04 05 ll] 
05 7 14 05 

05 8 13 05 ~[fil[fillilJl!ID 

~ 9 12 07 05 04 03 ~ 01 

GN0,10 11,CP 

TL/F/9910-2 

OE TRI-STATE Output Enable Input 

Oo-01 TRI-STATE Outputs 
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Functional Description 
The 'AC/'ACT574 consists of eight edge-triggered flip-flops 
with individual D-type inputs and TRI-STATE true outputs. 
The buffered clock and buffered Output Enable are com
mon to all flip-flops. The eight flip-flops will store the state of 
their individual D inputs that meet the setup and hold time 
requirements on the LOW-to-HIGH Clock (CP) transition. 
With the Output Enable (OE) LOW, the contents of the eight 
flip-flops are available at the outputs. When OE is HIGH, the 
outputs go to the high impedance state. Operation of the 
OE input does not affect the state of the flip-flops. 

Logic Diagram 

Function Table 

Inputs Internal 

OE CP D 

H H L 
H H H 
H ....r L 
H ....r H 
L ....r L 
L ....r H 
L H L 
L H H 

H = HIGH Voltage Level 
L = LOW Voltage level 
X = Immaterial · 
Z = High Impedance 

Q 

NC 
NC 
L 
H 
L 
H 

NC 
NC 

.../" = LOW-to-HIGH Transition 
NC = No Change 

Outputs 

ON 

z 
z 
z 
z 
L 
H 

NC 
NC 

Function 

Hold 
Hold 
Load 
Load 
Data Available 
Data Available 
No Change in Data 
No Change in Data 

TL/F/9910-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to+ 7.0V 

DC Input Diode Current (l1K) 

V1 = -0.5V 
V1 =Vee +0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 

Vo= -0.5V 

Vo= Vee +0.5V 

DC Output Voltage (Vo) 

DC Output Source or Sink Current (lo) 

DC Vee or Ground Current 
Per Output Pin (Ice or IGND) 

Storage Temperature (T srn) 

-20mA 
+20mA 

- 0.5V to V cc + 0.5V 

-20mA 

+20mA 

-0.5V to Vee +0.5V 

±50mA 

±50mA 

- 65°C to + 150°c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

(Unless Otherwise Specified) (AC) 
(ACT) 

Input Voltage (Vi) 

Output Voltage (Vo) 

Operating Temperature (TA) 

74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 

CDIP 
PDIP 

Input Rise and Fall Time (tr. tf) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vee@ 3.ov 
Vee@ 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr, ti) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from o.av to 2.ov, 
Vmeas from 0.8V to 2.0V 
Vee® 4.5V 
Vee® 5.5V 

2.0Vto 6.0V 
4.5Vto 5.5V 

OVtoVcc 

OVtoVcc 

- 4o·c to + B5°C 
- 55°C to + 125°C 

115·c 
14o•c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
Bns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= 2s·c 
TA= TA= 

Units Conditions 
(V) - ss·c to + 12s·c - 4o•c to + as·c 

Typ Guaranteed Limits 
---·'""" -

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.32 0.4 0.37 12mA 
4.5 0.32 0.4 0.37 v loL 24mA 
5.5 0.32 0.4 0.37 24mA 

l1N Maximum Input V1 =Vee. GND 
Leakage Current 

5.5 ±0.1 ±1.0 ±1.0 µA 
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DC Characteristics for 'AC Family Devices ccontinued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= 25°C 
TA= TA= 

Units Conditions (V) -55°C to+ 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

loz . Maximum TRI-STATE V1 (OE) = VIL• V1H 
Leakage Current 5.5 ±0.5 ±10.0 ±5.0 µA V1 = Vee. VGND 

Vo= Vee.GND 

Imo tMinimum Dynamic 5.5 57 86 mA VoLo = 1.1v 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V 

lee Maximum Quiescent 
5.5 8.0 160 80 µA V1N =Vee 

Supply Current orGND 
•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 20 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee· 
Ice for 54AC@ 25°C is identical to 74AC@ 2s•c. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee 
TA= 25°C 

TA= TA= 
Units Conditions 

(V) - 55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

VouT = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 orVec - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

VouT = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 orVcc - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

louT = -50 µA 
5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH -24mA 
5.5 4.86 4.70 4.76 -24mA 

Vol Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

louT = 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.32 0.4 0.37 

v loL 24mA 
5.5 0.32 0.4 0.37 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 =Vee. GND 
Leakage Current 

loz Maximum TRI-STATE 
5.5 ±0.5 ±10.0 ±5.0 µA 

V1 =VIL• V1H 
Leakage Current Vo= Vee. GND 

lccT Maximum Ice/Input 5.5 0.6 1.6 1.5 mA V1 = Vee - 2.1V 

Imo tMinimum Dynamic 5.5 57 86 mA VOLD= 1.1V 

lo HD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V 

lee Maximum Quiescent 
5.5 8.0 160 BO µA 

V1N =Vee 
Supply Current orGND 

*All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT @ 25°C is identical to 7 4ACT @ 25°C. 
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations 

74AC 54AC 74AC 

Vee• TA= +2s0c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter (V) CL= SO pf 

to+ 12s·c to +as·c Units 
No. 

CL= SO pf CL= SO pf 

Min Typ Max Min Max Min Max 

fMAX Maximum Clock 3.3 75 112 55 60 
MHz 

Frequency 5.0 95 153 80 85 

tpLH Propagation Delay 3.3 3.5 8.5 13.5 1.0 16.5 3.5 15.0 
2-6 

CPto00 5.0 2.0 6.0 9.5 1.0 11.5 2.0 11.0 
ns 

tPHL Propagation Delay 3.3 3.5 7.5 12.0 1.0 15.0 3.5 13.5 
2-6 

CPto00 5.0 2.0 5.5 8.5 1.0 10.5 2.0 9.5 
ns 

tpzH Output Enable Time 3.3 2.5 7.0 11.0 1.0 13.0 2.5 12.0 
2-7 

5.0 2.0 5.0 8.5 1.0 9.5 2.0 9.0 
ns 

tpzL Output Enable Time 3.3 3.0 6.5 10.5 1.0 12.5 3.5 11.5 
2-8 

5.0 1.5 5.0 8.0 1.0 9.5 2.0 9.0 
ns 

tpHz Output Disable Time 3.3 4.0 7.5 12.0 1.0 14.0 4.5 13.0 
2-7 

5.0 2.0 6.0 9.5 1.0 11.0 2.0 10.5 
ns 

tpLZ Output Disable Time 3.3 2.0 5.5 9.0 1.0 10.5 2.5 10.0 
2-8 

5.0 1.5 4.5 7.5 1.0 9.0 1.5 8.5 
ns 

•voltage Range 3.3 is 3.3V ± 0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 

AC Operating Requirements: See Section 2 for Waveforms 

74AC 54AC 74AC 

Vee• TA= +2s0 c 
TA= -ss·c TA= -4o·c 

Fig. 
Symbol Parameter (V) CL= SO pf 

to+ 12s·c to +as·c Units 
No. 

CL= SO pf CL= 50 pf 

Typ Guaranteed Minimum 

ls SttL-Up ijma, :-::G:: Gi Lo~·.' ~.~ 0.5 2.5 3.0 3.0 
Dn toCP 5.0 0 1.5 2.0 2.0 

ns 2-~ 

th Hold Time, HIGH or LOW 3.3 -0.5 1.5 1.5 1.5 
2-9 

Dn toCP 5.0 0 1.5 1.5 1.5 
ns 

tw CP Pulse Width 3.3 3.5 6.0 7.5 7.0 
2-6 

HIGH or LOW 5.0 2.0 4.0 5.5 5.0 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

a 
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations 

74ACT 54ACT 74ACT 

Vee• TA= +25°c 
TA= -55°C TA= -4o•c 

Fig. 
Symbol Parameter (V) CL= 50 pf 

to+ 125•c to +85°C Units 
No. 

CL= 50pF CL= 50pF 

Min Typ Max Min Max Min Max 

fMAX Maximum Clock Frequency 5.0 100 110 70 85 ns 

tpLH Propagation Delay 
5.0 2.5 7.0 11.0 1.0 13.5 2.0 12.0 ns 2-6 

CPtoOn 

tPHL Propagation Delay 
5.0 2.0 6.5 10.0 1.0 12.5 1.5 11.0 

2-6 
CPtoOn 

ns 

tpzH Output Enable Time 5.0 2.0 6.4 9.5 1.0 11.0 1.5 10.0 ns 2-7 

tpzL Output Enable Time 5.0 2.0 6.0 9.0 1.0 11.0 1.5 10.0 ns 2-8 

tpHz Output Disable Time 5.0 2.0 7.0 10.5 1.0 12.0 1.5 11.5 ns 2-7 

tpLZ Output Disable Time 5.0 2.0 5.5 8.5 1.0 10.0 1.5 9.0 ns 2-8 
•voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements: See Section 2 for Waveforms 

74ACT 54ACT 74ACT 

Vee• TA= +25°C 
TA= -55°c TA= -40°c 

Fig. 
Symbol Parameter to+ 125°C to +a5•c Units (V) CL= 50pF 

CL= 50pF CL= 50 pf 
No. 

Typ Guaranteed Minimum 

ts Set-Up Time, HIGH or LOW 
5.0 1.5 2.5. 3.5 2.5 ns 2-9 

Dn toCP 

th Hold Time, HIGH or LOW 
5.0 -0.5 1.0 2.0 1.0 ns 2-9 

DntoCP 

tw CP Pulse Width 
5.0 2.5 3.0 5.0 4.0 2-6 

HIGH or LOW 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 

Cpo Power Dissipation Capacitance 40.0 pF Vee= 5.ov 
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~National 
~Semiconductor 

54AC/74AC646 • 54ACT/74ACT646 
Octal Transceiver/Register with TRI-STATE® Outputs 

General Description 
The 'AC/'ACT646 consist of registered bus transceiver cir
cuits, with outputs, D-type flip-flops and control circuitry pro
viding multiplexed transmission of data directly from the in
put bus or from the internal storage registers. Data on the A 
or B bus will be loaded into the respective registers on the 
LOW-to-HIGH transition of the appropriate clock pin (CPAB 
or CPBA). The four fundamental data handling functions 
available are illustrated in Figures 1-4. 

Ordering Code: see section 5 

Logic Symbols 

Features 
• Independent registers for A and B buses 
• Multiplexed real-time and stored data transfers 
• TRI-STATE outputs 
• 300 mil slim dual-in-line package 
• Outputs source/sink 24 mA 
• 'ACT646 has TTL compatible inputs 

Connection Diagrams 

IEEE/I EC 
Pin Assignment 

for DIP, Flatpak and SOIC 

TL/F/10132-1 

Pin Names Description 

Ao-A1 Data Register A Inputs 
Data Register A Outputs 

Bo-87 Data Register B Inputs 
Data Register B Outputs 

CPAB,CPBA Clock Pulse Inputs 
SAB,SBA Transmit/Receive Inputs 
G Output Enable Input 
DIR Direction Control Input 

TL/F/10132-2 
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CPAB 1 

SAB 

DIR 

Ao 

"1111 1.;F~g 
GNDl._12----13_,_ B1 

TL/F/10132-3 

A5 ii11 
A1 Ii] 

GND Ii] 
NC fi]} 

B1 lill 
Bs llll 
B5 li]J 

Pin Assignment 
for LCC and PCC 

A5 A4 A3 NC A2 A1 Ao 
[j]li]][[] []]ITJ []]11J 

li]J~~l'Jill~H~§ 

B, B3 B1 NC B1 Bo G 

11] DIR 
ITI SAB 
[l] CPAB 
[i] NC 

II§! Vee 
[ZJ CPBA 
II§! SBA 

TL/F/10132-4 



co 
"'l:t' co Real Time Transfer Real Time Transfer Storage from Transfer from 

A-Bus to B-Bus B-Bus to A-Bus Bus to Register Register to Bus 

A·Bus A•Bus A-Bus A-Bus 

1~11~ ~Jl~ ?··fi 1ri 'q;i " I ~"1; 
~ . 

B-Bus B-Bus 
B-Bus B-Bus 

TL/F/10132-7 TLIF/10132-8 
TL/F/10132-9 TL/F/10132-10 

FIGURE 1 FIGURE2 FIGURE3 FIGURE4 

Function Table 

Inputs Data 110* 
Function 

G DIR CPAB CPBA SAB SBA Ao-A7 Bo-B7 

H x H orl H orl x x Isolation 
H x _r x x x Input Input Clock An Data into A Register 
H x x _r x x Clock Bn Data into B Register 

L H x x L x An to Bn-Real Time (Transparent Mode) 
L H _r x L x 

Input Output 
Clock An Data into A Register 

L H H orl x H x A Register to Bn (Stored Mode) 
L H _r x H x Clock An Data into A Register and Output to Bn 

L L x x x L Bn to An-Real Time (Transparent Mode) 
L L x _r x L Output Input 

Clock Bn Data into B Register 
L L x H orl x H B Register to An (Stored Mode) 
L L x _r x H Clock Bn Data into B Register and Output to An 

•rhe data output functions may be enabled or disabled by various signals at the G and DIR inputs. Data input functions are always enabled; i.e., data at the bus 
pins will be stored on every LOW-to-HIGH transition of the appropriate clock inputs. 

H = HIGH Voltage Level X = Immaterial 
L = LOW Voltage Level _/" = LOW-to-HIGH Transition 

Logic Diagram 

TO 7 OTHER CHANNELS TL/F/10132-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating <Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + 0.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature <Tsrn) 

-20mA 
+20mA 

-0.5V to Vee+ 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

- 65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design Is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (t,, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vce ® 3.0V 
Vee® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (t,, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee® 4.5V 
Vee@ 5.5V 

2.0Vto6.0V 
4.5Vto 5.5V 

OVtoVcc 

OVtoVcc 

- 40°C to + 85°C 
-55°C to+ 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) -55°C to+ 125°C - 40°C to + 85°C 

T~!l Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 VouT = 0.1V 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 

5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= Units Conditions 

(V) - 55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

loz Maximum TRI-STATE® V1 (OE) = VIL• V1H 
Current 5.5 ±0.5 ±10.0 ±5.0 µA V1 = Vee. VGND 

Vo= Vcc.GND 

lo LO tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

lo HD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA V1N =Vee 

Supply Current orGND 

lozT Maximum 1/0 V1 (OE) = VIL• V1H 
Leakage Current 5.5 ±0.6 ± 11.0 ±6.0 µA V1 =Vee. GND 

Vo= Vee. GND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee. 

Ice for 54AC @ 2s•c is identical to 74AC @ 25°C. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +25°C 
TA= TA= Units Conditions 

(V) -55°C to+ 125°C -40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v VouT = 0.1V 

Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v VouT = 0.1V 

Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vee - o.1v 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v louT = -50 µA 

Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH 
-24mA 

5.5 4.86 4.70 4.76 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v louT = 50 µA 

Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vcc.GND 
Leakage Current 

loz Maximum TRI-STATE® 
5.5 ±0.5 ±10.0 ±5.0 µA V1 =VIL• V1H 

Leakage Current Vo= Vcc.GND 

lccT Maximum 
5.5 0.6 1.6 1.5 mA V1 =Vee - 2.1V 

Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

lo HD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA V1N =Vee 

Supply Current orGND 

lozT Maximum 1/0 V1 (OE) = V1L. V1H 
Leakage Current 5.5 ±0.6 ± 11.0 ±6.0 µA V1 =Vee. GND 

Vo= Vee. GND 
•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT @ 2s•c is identical to 7 4ACT @ 2s•c. 
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AC Electrical Characteristics 
74AC 54AC 74AC 

Vee• TA= +25°c 
TA= -55°c TA= -4o·c 

Fig. 
Symbol Parameter to+ 125°C to +as·c Units 

(V) CL= 50 pF 
CL= 50pF CL= 50 pF 

No. 

Min Typ Max Min Max Min Max 

tpLH Propagation Delay 3.3 4.0 10.5 16.5 1.0 20.0 3.0 18.5 
2-6 

Clock to Bus 5.0 2.5 7.5 12.0 1.0 14.0 2.0 13.0 
ns 

tpHL Propagation Delay 3.3 3.0 9.5 14.5 1.0 17.5 2.5 16.0 
2-6 

Clock to Bus 5.0 2.0 6.5 10.5 1.0 12.0 1.5 11.5 
ns 

tPLH Propagation Delay 3.3 2.5 7.5 12.0 1.0 15.0 2.0 13.5 
2-5 

Bus to Bus 5.0 1.5 5.0 8.0 1.0 10.0 1.0 9.0 
ns 

tpHL Propagation Delay 3.3 1.5 7.5 12.5 1.0 14.5 1.5 13.5 
2-5 

Bus to Bus 5.0 1.5 5.0 9.0 1.0 9.5 1.0 9.5 
ns 

tpLH Propagation Delay 3.3 2.0 8.5 13.5 1.0 17.0 1.5 15.5 
SBA or SAS to An or Bn 5.0 1.5 6.0 10.0 1.0 12.0 1.5 11.0 ns 2-6 
(w/ An or Bn HIGH or LOW) 

tpHL Propagation Delay 3.3 1.5 8.5 13.5 1.0 17.0 1.5 15.0 
SBA or SAS to An or Bn 5.0 1.5 6.0 10.0 1.0 12.0 1.5 11.0 ns 2-6 
(w/ An or Bn HIGH or LOW) 

tpzH Enable Time 3.3 2.5 7.0 11.5 1.0 13.0 2.0 12.5 
2-7 G to An orBn 5.0 1.5 5.0 8.5 1.0 9.5 1.5 9.0 

ns 

tpzL Enable Time 3.3 2.5 7.5 12.5 1.0 15.5 2.0 14.0 
2-8 G to An or Bn 5.0 1.5 5.5 9.0 1.0 11.0 1.5 10.0 

ns 

tpHz Disable Time 3.3 3.0 8.0 12.5 1.0 14.0 2.5 13.5 
2-7 G to An or Bn 5.0 2.0 6.5 10.0 1.0 11.5 2.0 11.0 

ns 

tpLZ Disable Time 3.3 2.0 7.5 12.0 1.0 13.5 2.0 13.5 
2-8 G to An or Bn 5.0 1.5 6.0 9.5 1.0 11.0 1.5 10.5 

ns 

tpzH Enable Time 3.3 2.0 6.5 11.0 1.0 14.5 1.5 12.0 
2-7 

DIR to An or Bn 5.0 1.5 5.0 7.5 1.0 10.5 1.0 8.5 
ns 

t;:zL En~b!eTime 3.3 2.5 7.0 11.5 1.0 16.0 2.0 13.0 
!:?-S 

DIR to An or Bn 5.0 1.5 5.0 8.0 1.0 12.5 1.0 9.0 
..... 

tpHZ Disable Time 3.3 2.5 7.5 11.5 1.0 14.5 1.5 12.5 
2-7 

DIR to An or Bn 5.0 1.5 5.5 9.5 1.0 12.0 1.5 10.0 
ns 

tpLZ Disable Time 3.3 1.5 7.5 12.0 1.0 16.5 1.5 13.5 
2-8 

DIR to An or Bn 5.0 1.5 5.5 9.5 1.0 12.0 1.5 10.5 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ± 0.5V 

4-259 



co 
~ 
co AC Operating Requirements 

Symbol Parameter 

ts Setup Time, HIGH or LOW 
Bus to Clock 

th Hold Time, HIGH or LOW 
Busto Clock 

tw Clock Pulse Width 
HIGH or LOW 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 Is 5.0V ±0.5V 

Vee* 
(V) 

3.3 
5.0 

3.3 
5.0 

3.3 
5.0 

74AC 

TA= +25°C 
CL= 50pF 

Typ 

2.0 5.0 
1.5 4.0 

-1.5 0 
-0.5 0.5 

2.0 3.5 
2.0 3.5 

54AC 74AC 

TA= -55°C TA= -40°C 
Fig. 

to + 125°C to +85°C Units 
CL= 50pF CL= 50 pf 

No. 

Guaranteed Minimum 

6.0 5.5 
2-9 

4.5 4.5 
ns 

1.5 0 
2-9 

2.0 1.0 
ns 

5.0 4.5 
2-6 

5.0 3.5 
ns 



AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee• TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter to + 125°C to +B5°C Units 

No. (V} CL= 50pF 
CL= 50 pF CL= 50 pF 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 
5.0 6.0 12.0 14.5 3.0 16.0 ns 2-6 

Clock to Bus 

tPHL Propagation Delay 
5.0 6.0 12.0 14.5 3.5 16.0 ns 2-6 

Clock to Bus 

tPLH Propagation Delay 
5.0 4.5 8.5 10.5 2.5 11.5 ns 2-5 

Bus to Bus 

tPHL Propagation Delay 
5.0 5.0 8.5 10.5 2.0 11.5 ns 2-5 

Bus to Bus 

tPLH Propagation Delay 
SBA or SAB to An to Bn 

5.0 5.0 9.5 11.5 2.5 12.5 ns 2-6 
(w/An or Bn 
HIGH or LOW) 

tPHL Propagation Delay 
SBA or SAB to An to Bn 

5.0 5.0 9.5 11.5 2.5 12.5 ns 2-6 
(w/AnorBn 
HIGH or LOW) 

tpzH Enable Time 
5.0 6.0 9.0 11.0 1.5 12.0 ns 2-7 G to An or Bn 

tpzL Enable Time 
5.0 5.0 9.0 11.0 3.0 12.0 ns 2-8 G to An or Bn 

tpHz Disable Time 
5.0 7.5 10.5 13.0 4.5 14.5 ns 2-7 G to An or Bn 

tpLZ Disable Time 
5.0 5.5 10.0 12.5 3.0 14.0 ns 2-8 G to An or Bn 

tpzH Enable Time 
5.0 5.5 6.5 10.5 1.5 11.5 ns 2-7 

DIR to An or Bn 

tpzL Enable Time 
5.0 4.0 6.5 10.5 3.0 11.5 ns 2-8 

DIR to An or Bn 

tpHz Disable Time 
5.0 5.5 8.5 12.5 4.5 13.5 ns 2-7 

DIR to An or Bn 

tpLZ Disable Time 
5.0 4.0 8.5 12.5 3.0 13.5 ns 2-8 

DIR to An or Bn 

•voltage Range 5.0 is 5.0V ±0.5V 
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co 
"'1::1' co AC Operating Requirements 

Vee• Symbol Parameter (V) 

ts Setup Time, HIGH or LOW 
5.0 

BUS to Clock 

th Hold Time, HIGH or LOW 
5.0 

Busto Clock 

tw Clock Pulse Width 
5.0 

HIGH or LOW 
•voltage Range 5.0 Is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 

C1N Input Capacitance 

C110 Input/Output Capacitance 

Cpo Power Dissipation 
Capacitance 

74ACT 

TA= +25°c 
CL= 50pf 

Typ 

2.5 7.0 

0 2.5 

4.5 7.0 

AC/ACT 

Typ 

4.5 

15.0 

60.0 
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54ACT 74ACT 

TA= -ss·c TA= -40°c 
Fig. 

to+ 12s0 c to +ss·c Units 
CL= 50pf CL= 50pf 

No. 

Guaranteed Minimum 

8.0 ns 2-9 

2.5 ns 2-9 

8.0 ns 2-6 

Units Conditions 

pF Vee= 5.ov 

pF Vee= 5.ov 

pF 
Vee= 5.0V 



~National 
D Semiconductor 
54AC/74AC648 
Octal Transceiver/Register with TRI-STATE® Outputs 

General Description 
The 'AC648 consists of registered bus transceiver circuits, 
with outputs, D-type flip-flops and control circuitry providing 
multiplexed transmission of data directly from the input bus 
or from the internal storage registers. Data on the A or B 
bus will be loaded into the respective registers on the LOW
to-HIGH transition of the appropriate clock pin (CPAB or 
CPBA). The four fundamental data handling functions avail
able are illustrated in Figures 1 thru 4 (See Page 2). 

Ordering Code: see section 5 

Logic Symbols 

Features 
• Independent registers for A and B buses 
• Multiplexed real-time and stored data transfers 
• TRI-STATE outputs 
• 300 mil slim dual-in-line package 
• Outputs source/sink 24 mA 
• Inverted data to output 

Connection Diagrams 

IEEE/I EC Pin Assignment 

CPABAo A1 A2 A3 A4 A5 As A1 

SAB 

TL/F/10133-1 

TL/F/10133-2 

Pin Names Description 

Ao-Aq Data Register A Inputs, 
Data Register A TRI-STATE Outputs 

80-81 Data Register B Inputs, 
Data Register B TRI-STATE Outputs 

CPAB,CPBA Clock Pulse Inputs 
SAB,SBA Transmit/Receive Inputs 
DIR,G Output Enable Inputs 
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for DIP, Flatpak and SOIC 

CPAB 24 Vee 

SAB 23 CPBA 

DIR 3 22 SBA 

Ao 4 21 G 
A1 5 20 iio 

A2 6 19 ii, 
A3 7 18 ii2 

•• 8 17 ii3 

A5 9 16 ii, 

As 10 15 ii5 

A1 11 14 iis 

GND112 13t-ii7 

As [11 
A7 li] 

GND jg) 

NC Ii] 

ii1 fi]] 
ii6 liZI 
ii5 fi]] 

TL/F/10133-3 

Pin Assignment 
for LCC and PCC 

A5 •• A3 NC A2 A1 Ao 
rr:rn1ml!lml!lrn 

Ii] f~Hil ~ l~H31 ~ 
ii4 ii3 82 NC ii1 ii0 G 

[Il DIR 

rnsAe 
[IlCPAB 
[i] NC 

Im Vee 
IIl] CPBA 
~SBA 

TL/F/10133-4 



CC) 
oi::t' 
co Function Table 

Inputs 

G DIR CPAB CPBA 

H x H orL H orL 
H x _/ x 
H x x _/ 

L H x x 
L H _/ x 
L H HorL x 
L H _/ x 
L L x x 
L L x _/ 

L L x H orL 
L L x _/ 

SAB SBA 

x x 
x x 
x x 
L x 
L x 
H x 
H x 
x L 
x L 
x H 
x H 

Data 110• 

Input Input 

Input Output 

Output Input 

Function 

Isolation 
Clock An Data into A Register 
Clock Bn Data into B Register 

An to Bn-Real Time (Transparent Mode) 
Clock An Data into A Register 
A Register to Bn (Stored Mode) 
Clock An Data into A Register and Output to Bn 

Bn to An-Real Time (Transparent Mode) 
Clock Bn Data into B Register 
B Register to An (Stored Mode) 
Clock Bn Data into B Register and Output to An 

*The data output functions may be enabled or disabled by various signals at the G and DIR inputs. Data input functions are always enabled; i.e., data at the bus 
pins will be stored on every LOW-to-HIGH transition of the clock inputs. 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Irrelevant 
..../ = LOW-to-HIGH Transition 

Real Time Transfer Real Time Transfer 
A-Bus to B-Bus B-Bus to A-Bus 

....__ ..... ...._ ..... 
~ 

A-BUS " .... 
A-BUS " 

~II~ ~rt~) 
B-BUS B-BUS ...._ ..... ....__ ....... ....- -,. .... 

TL/F/10133-8 TL/F/10133-7 

FIGURE 1 FIGURE 2 

Storage from Transfer from 
Bus to Register Register to Bus 

_ .. ....__ ...... 
- ... ....- -... 

A-BUS A-BUS p.f .. f f .. 
~EG I ~ I REG I OR I REG I 

.. 11 .. .. 
B-BUS ..... B-BUS ...... ...._ ..... 

~ " 
....- ,... 

TL/F/10133-10 TL/F/10133-9 

FIGURE3 FIGURE 4 
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Logic Diagram 

DIR--.... ---1 

CPBA---------+------------t 
SBA---------+-----1 

CPAB----1 

SAB--------+~t----11 

- ---------------- - -~ 1 or 8 CHANNELS 

TO 7 OTHER CHANNELS 
TL/F/10133-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to+ 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -a.5V 
Vo = Vee + a.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (lee or IGND) 

Storage Temperature (T srn) 

-20mA 
+20mA 

-0.5V to Vee+ 0.5V 

-2amA 
+2amA 

-a.5V to to Vee + a.5V 

±50mA 

±50mA 

- 65°C to + 15o•c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V 1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, tt) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vee® 3.av 
Vee® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time <tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from a.av to 2.0V, Vmeas 
from a.av to 2.av 
Vee® 4.5V 
Vee® 5.5V 

2.0Vto6.0V 
4.5Vto 5.5V 

OVtoVee 

OVtoVee 

-40°cto +a5°C 
- 55°C to + 125·c 

175·c 
14o·c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
a ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) -ss·c to+ 12s·c - 4o•c to + ss·c 

Typ Guaranteed Limits 

V1H Minimum High Level 3.a 1.5 2.1 2.1 2.1 Vour = o.1v 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - o.1v 

5.5 2.75 3.a5 3.a5 3.a5 

V1L Maximum Low Level 3.a 1.5 0.9 0.9 0.9 Vour = 0.1V 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - a.1v 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.a 2.56 2.4 2.46 -12mA 
4.5 3.a6 3.7 3.76 v loH -24mA 
5.5 4.a6 4.7 4.76 -24mA 

Vm Maximum Low Level 3.0 o.ao2 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 o.aa1 0.1 a.1 a.1 v 

5.5 o.oa1 a.1 a.1 a.1 

*V1N = V1L or V1H 
3.0 a.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA V1 = Vee.GND 

Leakage Current 
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DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) -ss·c to+ 125°c - 40°C to + as·c 

Typ Guaranteed Limits 

loLD tMinimum Dynamic 5.5 50 75 mA Volo = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

lozr Maximum 1/0 V1 (OE) = VIL• V1H 
Leakage Current 5.5 ±0.6 ± 11.0 ±6.0 µA V1 =Vee. GND 

Vo= Vee. GND 
•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vee-

Ice for 54AC @ 25'C is identical to 7 4AC @ 25'C. 

AC Electrical Characteristics 
74AC 54AC 74AC 

Vee* TA= +2s0 c 
TA= -55°c TA= -40°c 

Fig. 
Symbol Parameter (V) CL= 50 pf 

to+ 125°c to +s5°C Units 
No. 

CL= 50 pf CL= 50 pf 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 3.3 1.5 10.0 15.5 1.5 17.0 
2-6 

Clock to Bus 5.0 1.5 7.0 11.0 1.5 12.0 
ns 

tPHL Propagation Delay 3.3 1.5 8.5 13.5 1.5 14.5 
2-6 

Clock to Bus 5.0 1.5 6.0 10.5 1.5 11.5 
ns 

tPLH Propagation Delay 3.3 1.5 6.0 10.0 1.5 11.0 
2-5 

Bus to Bus 5.0 1.5 4.0 7.0 1.0 7.5 
ns 

tPHL Propagation Delay 3.3 1.5 5.5 9.0 1.5 10.0 
2-5 

Bus to Bus 5.0 1.5 3.5 7.5 1.0 8.0 
ns 

lPLH Pruµayaliun Dt:iay 3.3 1.5 7.5 i2.5 i.5 i4.0 
SBA or SAB to An or Bn 5.0 1.5 5.5 9.0 1.5 10.0 ns 2-6 
(with An or Bn HIGH or LOW) 

tPHL Propagation Delay 3.3 1.5 7.5 12.5 1.5 14.0 
SBA or SAB to An or Bn 5.0 1.5 5.5 9.5 1.5 10.5 ns 2-6 
(with An or Bn HIGH or LOW) 

tpzH Enable Time 3.3 1.5 6.5 11.0 1.0 11.5 
2-7 

GtoAn or Bn 5.0 1.5 5.0 8.0 1.0 9.0 
ns 

tpzL Enable Time 3.3 1.5 7.0 11.0 1.0 12.5 
2-8 

G to An or Bn 5.0 1.5 5.0 8.0 1.0 9.0 
ns 

tpHz Disable Time 3.3 1.5 7.5 12.0 1.0 13.0 
2-7 

G to An or Bn 5.0 1.5 6.0 10.0 1.0 11.0 
ns 

tpLz Disable Time 3.3 1.5 7.0 11.5 1.0 12.5 
2-8 

G to An or Bn 5.0 1.5 5.5 9.0 1.0 10.0 
ns 

tpzH Enable Time 3.3 1.5 6.0 12.5 1.0 14.0 
2-7 

DIR to An or Bn 5.0 1.5 4.5 9.5 1.0 10.5 
ns 

tpzL Enable Time 3.3 1.5 6.5 13.0 1.5 14.5 
2-8 

DIR to An or Bn 5.0 1.5 4.5 9.0 1.0 10.5 
ns 

tpHz Disable Time 3.3 1.5 7.0 11.5 1.0 13.5 
2-7 

DIR to An or Bn 5.0 1.5 5.5 9.0 1.0 10.0 
ns 

tpLz Disable Time 3.3 1.5 7.0 13.5 1.5 15.0 
2-8 

DIR to An or Bn 5.0 1.5 5.0 9.5 1.0 10.0 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 

Voltage Range 5.0 is 5.0V ±0.5V 
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AC Operating Requirements 
74AC 54AC 74AC 

Vee• TA= +2s0 c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter (V) CL= SOpF 

to+ 12s·c to +ss·c Units 
No. 

CL= SOpF CL= SOpF 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW, 3.3 2.0 3.0 3.5 
2-9 

Bus to Clock 5.0 1.5 2.0 2.0 
ns 

th Hold Time, HIGH or LOW, 3.3 -1.5 0 0 
2-9 

Bus to Clock 5.0 -0.5 1.0 1.0 
ns 

tw Clock Pulse Width 3.3 2.0 3.5 4.0 
2-6 

HIGH or LOW 5.0 2.0 3.0 3.0 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation Capacitance 65.0 pF Vee= 5.ov 

C110 Input/ Output Capacitance 15.0 pF Vee= 5.0V 
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~National 
U Semiconductor 

ADVANCE INFORMATION 

54ACT /7 4ACT657 
Octal Bidirectional Transceiver with 8-Bit Parity 
Generator/Checker and TRI-STATE® Outputs 

General Description 
The 'ACT657 contains eight noninverting buffers with TRI
STATE outputs and an 8-bit parity generator/checker, and 
is intended for bus-oriented applications. The Transmit/Re
ceive (T /R) input determines the direction of the data flow 
through the bidirectional transceivers. Transmit (active
H IG H) enables data from A ports to B ports; Receive (ac
tive-LOW) enables data from B ports to A ports. The Output 
Enable input disables both the A and B ports by placing 
them in a High Z condition. 

Logic Symbols 

The parity generator detects whether an even or odd num
ber of bits on the A port is HIGH, depending on the condi
tion of the ODD/EVEN input, and the ERROR output is 
LOW if not equal. 

Features 
• 300 mil 24-pin Slimline DIP 
• TRI-STATE outputs 
• 'ACT657 has TTL-compatible inputs 

Connection Diagrams 

IEEE/I EC Pin Assignment for 
DIP, Flatpak and SOIC 

Ao A1 A2 A3 A4 As A5 A1 
T/R 
OE ERROR 

ODO/EVEN 
Bo B1 B2 83 84 Bs 86 B7 PARITY 

TL/F/10134-1 

Pin NRm~~ Dl"~cri!}th:m 

Ao-A7 Data Inputs 
Data Outputs 

Bo-81 Data Inputs 
Data Outputs 

TIA Transmit/Receive Input 
OE Enable Input 
PARITY Parity Input/Output 
ODD/EVEN ODD/EVEN Parity Input 
ERROR Error Output 

T/R 
OE 

ODD/ 
EVEN 
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PARITY 

ERROR 

TL/F/10134-2 

T/R 

Ao 
A1 

A2 

A3 

A4 

Vee 
As 

;,.6 

A1 

ODD/EVEN 

ERROR 

84 Ii] 
GND Ii] 
GND~ 

NC Ii]] 

B3 Ii]) 

82 IIZI 
B1 Ii]! 

24 OE 
23 Bo 

3 22 81 

21 82 

20 83 

6 19 GNO 

7 18 GNO 

8 17 8_. 

IU os 

10 15 85 

11 14 87 

12 13 PARITY 

TL/F/10134-3 

Pin Assignment 
for LCC 

85 85 87 NC PAR ERR ODD/EVEN 
[i] ffQl I]] 00 III rn [[] 

llIDfill~~~IE!lm 
Bo OET/R NC Ao A1 Az 

[!I A1 

(1) As 

[l]A5 
[I] NC 

~Vee 
Ill! A_. 

Im AJ 

TL/F/10134-4 
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~National 
~Semiconductor 

ADVANCE INFORMATION 

54ACT/74ACT705 Arithmetic Logic Unit for 
Digital Signal Processing Applications 
General Description 
The 'ACT705 is a high-speed arithmetic processing integrat
ed circuit which is packaged in an 84-pin leadless chip carri
er. It features separate input buses that provide data and 
instruction codes to a high-speed single-cycle 16-bit ALU 
and an 8-bit by 8-bit parallel multiplier/accumulator. 

The ALU is a 16-bit parallel design which supports sixteen 
arithmetic and logic functions, as well as carry-in/out and 
borrow-in/out. The multiplier/accumulator, which offers a 
full 16-bit product, provides for unsigned, signed, mixed 
mode and imaginary number multiplication. Product accu
mulation with sum and difference arithmetic is available in 
each multiplier operating mode. 

The 16-bit results of the ALU and multiplier/accumulator are 
multiplexed to a single set of TRI-STATE® output buffers. 
The two ALU and multiplier/accumulator carry-out bits, as 
well as the 4-bit status field indicating ALU and multiplier/ 
accumulator error conditions make up the remaining six bits 
of the entire 22-bit output. 

Features 
• 84-pin, PCC, CPGA 

• 16-bit full ALU performs sixteen Boolean and arithmetic 
functions with carry-in and carry-out 

• 8 x 8 parallel multiplier supports unsigned, signed, com
plex or mixed mode multiplications, produces 16-bit re
sult with carry-out 

• Separate data and instruction buses allow instruction 
fetches in parallel with execution-single cycle opera
tion 

• Accepts 8- or 16-bit data and delivers a 16-bit output 
• Data register bank configured to accept a combination 

of 8- or 16-bit data 
• Separate clocks for ALU instruction, multiplier instruc

tion, data, ALU accumulator and multiplier accumulator 
registers 

• Clustered clock pins for ease of board design 
• 16-bit ALU/accumulator with feedback to ALU input 
• Status of accumulator inputs is monitored: conditions 

monitored include twos complement overflow, under
flow or equal-to-zero 

Applications 
• Voice-band signal processing 

• Outputs source/sink 8 mA 
• 'ACT705 has TTL-compatible inputs 

• Discrete Fourier transform applications 
- FIR filters 
-llR filters • High throughput achieved with high degree of parallel

ism in the architecture 
• Pipelined stages 

• Fast Fourier transform applications 
- Spectrum analysis 

• High-speed 16-bit ALU and an 8 x 8 complex multiplier 
- Speech recognition 

Connection Diagram 
Pin Assignment for PCC 

_'::J._~J;J~J~~~~~££~~~~~~~ 
32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 ~ 

AE 33 11 ~ MCour 

ACour 34 10 ~ MAC2 

fil~ 91~ 
RMUX 36 8 I MACo 

ALUC1N 37 7 I TCB 

·~ ~ 610 
ALU2 39 5 AIRCLK 

ALU1 ) 40 4 MIRCLK 

ALUo )41 3 ACLK 
WMUX )42 

MUXD1 ) 43 ~ ) ~~~: 
MUXDo 44 84 ~ ~UXA 1 
~ ) 45 83 4 MUXAo 

~« ~4~ 
05 47 81 4 A6 
~~ ~4~ 
~~ ~4~ 
D2 50 78 .i.3 

D1~51 77 A2 
Do) 52 76 A1 

MUXC1 )5 75 
i4 55 56 57 58 59 J!l !! 62 63 64 65 66 67 68 69 70 71 72 73 74~ Ao -- ~ .__, ~ ~ ~ 

~~~~~~~u8~~~m~~~£~~~~ 
~ ~ ~ 

TL/F/10135-1 
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54ACT /7 4ACT715 

ADVANCE INFORMATION 

Programmable Video Sync Generator 

General Description 
The 'ACT715 is a 20-pin TTL-input compatible device capa
ble of generating Horizontal, Vertical and Composite Sync 
and Blank signals for televisions and monitors. All pulse 
widths are completely definable by the user. The device is 
capable of generating signals for both interlaced and nonin
terlaced modes of operation. Equalization and serration 
pulses can be introduced into the Composite Sync signal 
when needed. 

Connection Diagrams 
Pin Assignment for 

DIP, Flatpak and SOIC 

Do 20 Vee 
o, 2 19 ADDR/DATA 

Dz 3 18 LHBYTE 

D3 4 17 LOAD 

D4 5 16 ODD/EVEN 

D5 6 15 HSYNVDR 

Ds 7 14 VCSYNC 

0, 8 13 HBLHDR 

CLR 9 12 VCBLANK 

G~D 11!) 11, CLOCK 

TL/F/10137-1 

Four additional signals can also be made available when 
Composite Sync or Blank are used. These signals can be 
used to generate horizontal and vertical driving pulses, hori
zontal or vertical gating pulses, cursor position or vertical 
Interrupt signal. 

The 'ACT715 makes no assumptions concerning the sys
tem that it will be used in. Line rate and field/frame rate are 
all a function of the values programmed into the data regis
ters, the status register, and the input clock frequency. 

Pin Assignment 
for LCC 

0, Ds 0s D4 ~ 
rn m rn rn rn 

CLR [[] rno2 
GND [Q] mo1 

CLOCK [j] OJ Do 
VCBLANK ~ @!Vee 

HBLHDR ll] [ID ADDR/DATA 

li1I ~[j]] fill [j]] 
z c ..... < u o:::lz c ~ 

5~~g~ 
> "' ...... -

:i:: c 
0 

TL/F/10137-2 
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54ACT /7 4ACT725 

ADVANCE INFORMATION 

512 x 9 First In, First Out Memory (FIFO) 

General Description 
The 512 x 9 FIFO is a first-in, first-out dual port memory 
capable of asynchronous, simultaneous read and write. Oth
er important features are: expansion capability in both the 
word depth and bit width, half-full flag capability in the single 
device mode, empty and full warning flags, ring pointers for 
zero fall-through time; it. is suited for high-speed applica
tions. 

Logic Symbol 

w 

XI 

XO/HF 

FF 

EF Oo 01 02 03 04 05 05 07 Os 

TL/F / 10138-3 

Pin Names Description 

Do-Da Data Inputs 

Oo-Oa Data Outputs 
w Write Enable 
A Read Enable 
Xi Expansion In 
XO/HF Expansion Out, Half-Full Flag 
EF Empty Flag 
FF Full Flag 
RS Reset 
FL/RT First Load/Retransmit 

Features 
• First-in, first-out dual port memory 
• 512 x 9 organization 
• Low power consumption 
• Asynchronous and simultaneous read and write 
• Fully expandable by word depth and/or bit width 
• Half-full flag capability in single device mode 
• Master/slave multiprocessing applications 
• Bidirectional and rate buffer applications 
• Empty and full warning flags 
• Auto retransmit capability 
• Outputs source/sink 8 mA 
• 'ACT725 has TTL-compatible inputs 
• Pin and functionality compatible with IDT7201 

Connection Diagram 
Pin Assignment 

for DIP, Flatpak and SOIC 

w 26 Vee 
Ds 2 27 D4 

D3 3 26 D5 

D2 4 25 D5 

D1 5 24 D7 

Do 23 FI/Rf 
Xi 7 22 R'S 
ff 6 21 EF' 

Oo 20 xo/ITT' 
01 10 19 07 

02 11 16 05 

03 12 17 05 

Os 13 16 04 

GND 14 15 R 

TL/F/10138-1 
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54ACT /7 4ACT818 
8-Bit Diagnostic Register 

General Description 
The 'ACT818 is a high-speed, general-purpose pipeline reg
ister with an on-board diagnostic register for performing se
rial diagnostics and/or writable control store loading. 

The D-to-Y path provides an 8-bit parallel data path pipeline 
register for normal system operation. The diagnostic regis
ter can load parallel data to or from the pipeline register and 
can output data through the D input port (as in WCS load
ing). 

The 8-bit diagnostic register has multiplexer inputs that se
lect parallel inputs from the Y-port or adjacent bits in the 
diagnostic register to operate as a right-shift-only register. 
This register can then participate in a serial loop throughout 
the system where normal data, address, status and control 
registers are replaced with 'ACT818 diagnostic pipeline reg
isters. The loop can be used to scan in a complete test 
routine starting point (Data, Address, etc.). Then after a 
specified number of machine cycles it scans out the results 
to be inspected for the expected results. WCS loading can 
be accomplished using the same technique. An instruction 
word can be serially shifted into the shadow register and 
written into the WCS RAM by enabling the D output. 

Ordering Code: see section 5 

Logic Symbol 

Features 
• On-line and off-line system diagnostics 
• Swaps the contents of diagnostic register and output 

register 
• Diagnostic register and diagnostic testing 
• Cascadable for wide control words as used in micropro-

gramming 
• Edge-triggered D registers 
• Outputs source/sink 24 mA 
• 'ACT818 has TTL-compatible inputs 
• 'ACT818 is functionally- and pin-compatible to AMO 

Am29818 and MMI 74S818 

Applications 
ll Register for microprogram control store 
ll Status register 
• Data register 
a Instruction register 
a Interrupt mask register 
11 Pipeline register 
a General purpose register 
a Parallel-serial/serial-parallel converter 

Connection Diagrams 

Pin Assignment Pin Assignment 
for DIP, Flatpak and SOIC for LCC and PCC 

DCLK Do D1 D2 D3 D4 Ds D6 D7 SDI 

OEY 24 Vee 
D6 Ds D4 NC D3 D2 D1 

MODE [l] [Q) [[] l!Hil []] !fil 
OEY DCLK 23 MODE 

PCLK Yo Y1 Y2 Y3 Y4 Y5 Y6 Y7 SDO Do 22 Yo D7 [j] III D0 
D1 21 Y1 SDI I!] CT] DCLK 

D2 20 Y2 GND [j] [II OEY 
TL/F/9801-3 NC!!] [j] NC 

D3 19 Y3 

D4 18 Y4 
PCLK [§] ~Vee 

SDO [j] ~MODE 
Ds 17 Y5 Y7 [j]] [lli Yo 

D5 16 Y5 

D1 10 15 Y7 !Ifil~[j]lll]~~l§ 

SDI 11 14 SDO Y5 Y5 Y4 NC Y3 Y2 Y1 

GND 12 13 PCLK TL/F/9801-2 

TL/F/9801-1 
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co ,.. 
co Pin Names Description 

Do-D7 Data Inputs 
SDI Serial Data Input 
DCLK Diagnostics Clock 
MODE Control Input 
PCLK Pipeline Register Clock 
OEY Output Enable Input 
SDO Serial Data Output 
Yo-Y7 Data Outputs 

Diagnostic Register 

Block Diagram 

Yo v, 

r--- ------ -----

.. ___ ------ ----
S1 

SDI --..... -----IM 

DCLK---t---..,_--IM 
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Functional Description 
Data transfers into the diagnostic register occur on the 
LOW-to-HIGH transition of DCLK. Mode and SDI determine 
what data source will be loaded. The pipeline register is 
loaded on the LOW-to-HIGH transition of PCLK. Mode se
lects whether the data source is the data input or the diag-

nostic register output. Because of the independence of the 
clock inputs, data can be shifted in the diagnostic register 
via DCLK and loaded into the pipeline register from the data 
input via PCLK simultaneously, as long as no setup or hold 
times are violated. This simultaneous operation is legal. 

Function Table 

Inputs Outputs 
Operation 

SDI MODE DCLK PCLK SDO Diagnostic Reg. Pipeline Reg. 

x L __r x S7 
Sl<SI - 1, 

NA Serial Shift; D7-Do Disabled 
SO<SD1 

x L x __r S7 NA Pl<DI Normal Load Pipeline Register 

L H __r x L Sl<YI NA 
Load Diagnostic Register from Y; 
DI Disabled 

x H x __r SDI NA Pl<SI 
Load Pipeline Register from 
Diagnostic Register 

H H __r x H Hold NA 
Hold Diagnostic Register; DI 
Enabled 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
../ = LOW-to-HIGH Clock Transition 
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co ...... 
co Absolute Maximum Ratings (Note 1> Recommended Operating 

If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage (Vee) 
Office/Distributors for availability and specifications. 'AC 2.0Vto6.0V 
Supply Voltage (Vee) -0.5Vto +7.0V 'ACT 4.5Vto 5.5V 
DC Input Diode Current (l1K) Input Voltage (V1) OVtoVcc 

V1 = -0.5V -20mA Output Voltage (Vo) OVtoVcc 
V1 =Vee +0.5V +20mA 

DC Input Voltage (Vi) -0.5V to Vee +0.5V 
Operating Temperature (TA) 

74AC/ACT -40°c to +85°C 
DC Output Diode Current (loK) 54AC/ACT - 55°C to + 125°C 

Vo= -0.5V -20mA 
Junction Temperature (TJ) 

Vo = Vee + 0.5V +20mA CDIP 115•c 
DC Output Voltage (Vo) -0.5V to Vee + 0.5V PDIP 140°c 
DC Output Source Input Rise and Fall Time (tr. ti) 

or Sink Current (lo) ±50mA (Note 2) (Typical) 
DC Vee or Ground Current (Except Schmitt Inputs) 'AC Devices 

per Output Pin Uee or IGND) ±50mA V1N from 30% to 70% of Vee 

Storage Temperature (T sTG) - 65°C to + 150°c Vee® 3.0V 150 ns/V 

Note 1: Absolute maximum ratings are those values beyond which damage Vee® 4.5V 40 ns/V 
to the device may occur. The databook specifications should be met, without Vee® 5.5V 25 ns/V 
exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (tr, t1) 
temperature, and output/input loading variables. National does not recom- (Note 2) (Typical) mend operation of FACTTM circuits outside databook specifications. 

(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee® 4.5V 10 ns/V 
Vce® 5.5V 8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +2s0 c TA= TA= Units Conditions (V) -ss·c to+ 12s0 c - 4o•c to + as·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 v Vour = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 Vour = 0.1V 
Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vee - 0.1V 

l1N Maximum Input 
5.5 ±0.1 ±10.0 ±1.0 µA V1N =Vee 

Leakage Current 

loz Maximum TRI-STATE 
5.5 ±0.5 ±10.0 ±5.0 µA OE= V1H 

Leakage Current Vour = ov, Vee 

Ice Maximum Quiescent 
5.5 1.0 mA V1N = Vee or GND 

Supply Current 

leer Maximum Additional 
5.5 1.6 1.5 mA V1N =Vee - 2.1V 

Ice/Input Vee= 5.5V 

VoH Minimum HIGH *V1N = V1L or V1H 
Level Output Voltage, 4.5 3.86 3.70 3.76 v loH = -24mA 
Yo-Y 7 Outputs 5.5 4.86 4.70 4.76 v loH = -24mA 

Minimum HIGH 
Level Output Voltage, 4.5 3.86 3.70 3.76 v loH = -8mA 
Do-D7, SDO Outputs 5.5 4.86 4.70 4.76 v loH = -8mA 

VoL Maximum LOW *V1N = V1L or V1H 
Level Output Voltage, 4.5 0.36 0.50 0.44 v loL = 24mA 
Yo-Y7 Outputs 5.5 0.36 0.50 0.44 v loL = 24mA 

Maximum LOW 
Level Output Voltage, 4.5 0.36 0.50 0.44 v Im= 8mA 
Do-D7, SDO Outputs 5.5 0.36 0.50 0.44 v loL = 8mA 

loLO Minimum Dynamic VoLD = 1.65V Max 
Output Current, 5.5 50 75 mA 
Yo-Y7 Outputs 
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DC Characteristics for 'ACT Family Devices ccontinued) co 

74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +2s0 c TA= TA= Units Conditions (V) -ss·c to+ 12s·c - 4o•c to + ss·c 

Typ Guaranteed Limits 

IQHD Minimum Dynamic VoHD = 3.85V Min 
Output Current, 5.5 -50 -75 mA 
Yo-Y1 Outputs 

loLD Minimum Dynamic VoLD = 5.5V 
Output Current, 

5.5 32 32 mA D0-D7, SDO Outputs 
(Note 1) 

loHD 
Minimum Dynamic VoHD = 3.3V 
Output Current, 

5.5 -32 -32 mA 
Do-D7, SDO Outputs 
(Note 1) l 

•All outputs loaded; thresholds on input associated with output under test. 
Note 1: Test load 50 pF, 5000 to ground. 
Note: Ice for 54ACT ® 25°C is identical to 7 4ACT ® 25°C. 

AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations 

74ACT 54ACT 74ACT 

Vee* TA= +2s0 c 
TA= -55°C TA= -40°c 

Fig. Symbol Parameter to+ 12s·c to +ss·c Units 
No. (V) CL= 50 pf 

CL= 50 pf CL= 50pF 

Min Typ Max Min Max Min Max 

tpHL Propagation Delay 
5.0 3.0 6.0 9.0 2.5 9.5 ns 2-5 

PCLKtoY 

tpLH Propagation Delay 
5.0 3.0 6.5 9.0 2.5 10.0 ns 2-5 PCLKtoY 

tPHL Propagation Delay 
5.0 4.0 8.0 11.0 3.5 12.0 ns 2-5 MODEtoSDO 

tPLH Propagation Delay 
5.0 4.0 8.0 11.5 4.0 12.5 ns 2-5 

MODEtoSDO 

lPHL Pmpagation Cc;:a.1· 
5.0 3.5 7.5 10.5 3.0 1~.u ns 2-5 SDI toSDO 

tPLH Propagation Delay 
5.0 3.5 7.5 10.5 3.5 12.0 ns 2-5 

SDI to SDO 

tpHL Propagation Delay 
5.0 4.5 9.0 12.5 4.0 14.0 ns 2-5 DCLKtoSDO 

tPLH Propagation Delay 
5.0 4.5 9.5 13.0 4.0 14.5 ns 2-5 DCLKtoSDO 

tpzL Output Enable Time 
5.0 2.5 6.0 9.0 2.5 10.0 ns 2-8 

OEY to Yn 

tpLZ Output Disable Time 
5.0 1.5 5.5 8.0 1.0 9.0 ns 2-8 

OEY to Yn 

tpzL Output Enable Time 5.0 3.0 8.0 12.0 3.0 13.5 ns 2-8 
DCLKto Dn 

tpLZ Output Disable Time 
5.0 2.0 8.5 11.0 1.5 12.0 ns 2-8 

DCLKto Dn -
tpzH Output Enable Time 

5.0 3.0 8.0 10.0 2.5 11.0 ns 2-7 
OEY to Yn -

tpHz Output Disable Time 
5.0 2.5 9.0 11.0 2.0 11.5 ns 2-7 

OEY to Yn 

tpzH Output Enable Time 
5.0 3.0 6.5 11.5 3.0 13.0 ns 2-7 

DCLKto Dn 

tpHz Output Disable Time 
5.0 3.0 7.5 12.0 2.0 13.0 ns 2-7 

DCLKto Dn 

•voltage Range 5.0 is 5.0V ±0.5V. 
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co AC Operating Requirements: see Section 2 for Waveforms 

74ACT 54ACT 74ACT 

Vee• TA= +2s0 c 
TA= -ss·c TA= -40°c 

Symbol Parameter to+ 12s·c to +as·c 
(V) CL= 50pf 

CL= 50pf CL= 50pf 

Typ Guaranteed Minimum 

ts Setup Time 
5.0 1.0 4.0 5.0 

Dto PCLK 

th Hold Time 
5.0 0.0 1.0 1.0 

Dto PCLK 

ts Setup Time 
5.0 2.5 4.5 5.5 

MODE to PCLK 

th Hold Time 
5.0 -1.0 0.0 0.0 

MODE to PCLK 

ts Setup Time 
5.0 0.5 2.5 2.5 

Yto DCLK 

th Hold Time 
5.0 0 1.0 1.5 

Yto DCLK 

ts Setup Time 
5.0 2.0 4.0 4.0 

MODE to DCLK 

th Hold Time 
5.0 -0.5 1.0 1.0 

MODE to DCLK 

ts Setup Time 
5.0 2.0 3.5 4.5 

SDI to DCLK 

th Hold Time 
5.0 -0.5 1.0 1.0 

SDI to DCLK 

ts Setup Time 
5.0 6.0 9.0 10.5 

DCLKto PCLK 

ts Setup Time 
5.0 6.0 11.0 11.5 

PCLKto DCLK 

tw Pulse Width 
5.0 2.0 3.0 3.0 

PCLK HIGH or LOW 

tw Pulse Width 
5.0 2.0 3.0 3.0 

DCLK HIGH or LOW 
Note 1: Test load 50 pF, soon to ground. 

•voltage range 5.0 is 5.0V ± 0.5V. 

Capacitance 

Parameter 
AC/ACT - Units Conditions Symbol 

Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 

Cpo Power Dissipation 
20 pF Vee= 5.ov 

Capacitance 
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~National 
D Semiconductor 
54AC/74AC821•54ACT/74ACT821 
10-Bit D Flip-Flop with TRI-STATE® Outputs 

General Description 
The 'AC/'ACT821isa10-bit D flip-flop with TRI-STATE out
puts arranged in a broadside pinout. 

The 'AC/'ACT821 is functionally identical to the AM29821. 

Ordering Code: see section 5 

Features 
• TRI-STATE outputs for bus interfacing 
• Noninverting outputs 
• Outputs source/sink 24 mA 
• 'ACT821 has TIL-compatible inputs 

Logic Symbols Connection Diagrams 

Pin Names 

Do-Dg 
Oo-Og 
OE 
CP 

OE 

eP 

TL/F/10139-1 

OE 
CP 

IEEE/I EC 

u9 --i.______i-09 
TL/F/10139-2 

Description 

Data Inputs 
Data Outputs 
Output Enable Input 
Clock Input 
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Pin Assignment 
for DIP, Flatpak and SOIC 

OE 1 24 Vee 
Do 2 23 Oo 

o, 3 22 o, 
D2 4 21 02 

D3 5 20 03 

D4 6 19 04 

D5 7 18 05 

Ds 8 17 05 

DJ 9 16 07 

Ds 10 15 Os 

Dg 11 14 09 
""'''D .. ,., "' C!' "" =, ... ·~1 

TL/F/10139-3 

Da !i1l 
Dg Ii] 
GND~ 

NC Ii]) 
CP !ill 
Og [i] 

Oa lim 

Pin Assignment 
for LCC 

07 Ds 05 NC D4 D3 D2 
[j] IIQJ rn rn m m rn 

li]J~~~l~H~~ 
07 06 o5 NC 04 o3 o2 

mo1 
al Do 
mfil 
[I]NC 

§Vee 

ill! Oo 
~01 

TL/F/10139-4 

o:> 
N ..... 



Functional Description 
The 'AC/'ACTB21 consists of ten 0-type edge-triggered flip
flops. The buffered Clock (CP) and buffered Output Enable 
(OE) are common to all flip-flops. The flip-flops will store the 
state of their individual D inputs that meet the setup and 
hold time requirements on the LOW-to-HIGH CP transition. 
With OE LOW the contents of the flip-flops are available at 

Inputs 

OE CP 

H __/ 

H __/ 

L __/ 

L __/ 

H = HIGH Voltage Level 
L = LOW Voltage Level 
Z = HIGH Impedance 

D 

L 

H 

L 

H 

_,r = LOW-to-HIGH Clock Transition 

Logic Diagram 

CP 

Function Table 

Internal Outputs 

Q 0 

L z 
H z 
L L 

H H 

the outputs. When OE is HIGH the outputs go to the high 
impedance state. Operation of the OE input does not affect 
the state of the flip-flops. 

The 'AC/'ACTB21 is functionally and pin compatible with 
the AM29821. 

Function 

HighZ 

HighZ 

Load 

Load 

Dg 

09 

TL/F/10139-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
Vt= -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T sm) 

-20mA 
+20mA 

-0.5V to Vee + 0.5V 

-20mA 
+20mA 

-0.5V to to Vee + 0.5V 

±50mA 

±50mA 

-65°C to+ 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (Vi) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vcc ® 3.0V 
Vee® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.ov 
Vcc ® 4.5V 
Vee@ 5.5V 

2.0Vto6.0V 
4.5Vto 5.5V 

OVtoVcc 

ov to Vee 

- 40°C to + 85°C 
- 55°C to + 125°C 

175°C 
140°C 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= Units Conditions 

(V) - 55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 
-·-· 

VtH Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = o.w 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = o.w 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v orVcc - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or VtH 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = VtL or VtH 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

ltN Maximum Input V1 = Vcc.GND 
Leakage Current 

5.5 ±0.1 ±1.0 ±1.0 µA 
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..... 
N co DC Characteristics for 'AC Family Devices (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

(V) - 55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

loz Maximum TRI-STATE® 
Current 5.5 ±0.5 ±10.0 ±5.0 

lo LO tMinimum Dynamic 5.5 50 75 

lo HD 
Output Current 5.5 -50 -75 

lee Maximum Quiescent 
5.5 8.0 160.0 80.0 

Supply Current 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice@ 3.0V are guaranteed to be less than or equal to the respective limit@ 5.5V Vee. 

Ice for 54AC@ 2s·c is identical to 74AC@ 2s·c. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

{V) -55°C to+ 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
Input Voltage 5.5 1.5 2.0 2.0 2.0 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
Input Voltage 5.5 1.5 0.8 0.8 0.8 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

4.5 3.86 3.70 3.76 
5.5 4.86 4.70 4.76 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

4.5 0.36 0.50 0.44 
5.5 0.36 0.50 0.44 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 

Leakage Current 

loz Maximum TRI-STATE® 
5.5 ±0.5 ±10.0 ±5.0 

Current 

leer Maximum 
5.5 0.6 1.6 1.5 

Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 

loHD 
Output Current 5.5 -50 -75 

Ice Maximum Quiescent 
5.5 0:0 160.0 80.0 

Supply Current 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT @ 2s•c is identical to 7 4ACT @ 2s·c. 
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Units Conditions 

V1 (OE) = VIL• V1H 
µA v, = Vcc.GND 

Vo= Vee. GND 

mA VoLD = 1.65V Max 

mA VoHD = 3.85V Min 

µA 
V1N =Vee 
orGND 

Units Conditions 

v 
Your= o.w 
or Vee - 0.1V 

v Your= o.1v 
orVcc - 0.1V 

v 
lour= -50 µA 

*V1N = V1L or V1H 

v loH 
-24mA 
-24mA 

v 
lour= 50 µA 

*V1N = V1L or V1H 

v loL 
24mA 
24mA 

µA 
v, = Vcc.GND 

µA 
V1 = V1L1 V1H 
Vo= Vcc.GND 

mA 
v, =Vee - 2.w 

mA VOLO= 1.65V Max 

mA VoHO = 3.85V Min 

µA 
V1N =Vee 
orGND 



AC Electrical Characteristics 
74AC 54AC 74AC 

Vee• TA= +2s0 c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter to +125°C to +as·c Units 

(V) CL= SOpF 
CL= SOpF CL= 50 pf 

No. 

Min Typ Max Min Max Min Max 

fmax Maximum Clock 3.3 110 145 95 100 
MHz 2-3 

Frequency 5.0 120 160 100 110 

tpLH Propagation Delay 3.3 3.0 8.0 13.0 1.0 16.0 3.0 15.0 
2-6 

CPtoOn 5.0 2.0 6.0 9.5 1.0 11.5 2.0 10.5 
ns 

tpHL Propagation Delay 3.3 3.0 8.0 13.0 1.0 16.0 3.0 15.0 
2-6 

CPtoOn 5.0 2.0 5.5 9.5 1.0 11.5 2.0 10.5 
ns 

tpzH Output Enable Time 3.3 2.5 6.0 11.0 1.0 13.0 2.5 12.0 
2-7 

OE to On 5.0 1.5 4.5 8.0 1.0 10.0 1.5 9.0 
ns 

tpzL Output Enable Time 3.3 2.5 6.5 11.0 1.0 13.5 2.5 12.0 
2-8 

OE to On 5.0 1.5 5.0 8.0 1.0 10.0 1.5 9.0 
ns 

tpHZ Output Disable Time 3.3 2.5 6.5 10.5 1.0 12.0 2.5 11.0 
2-7 

OE to On 5.0 1.5 5.0 8.0 1.0 10.0 1.5 8.5 
ns 

tpLZ Output Disable Time 3.3 2.5 6.0 10.5 1.0 12.0 2.5 11.0 
2-8 

OE to On 5.0 1.5 4.5 8.0 1.0 10.0 1.5 8.5 
ns 

•voltage Range 3.3 is 3.3V ± 0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements 
74AC 54AC 74AC 

Vee• TA= +2s0 c 
TA= -ss·c TA= -40°c 

Fig. 
Symbol Parameter 

(V) CL= SOpF 
to+ 12s·c to +as·c Units 

No. 
CL= SOpF CL= SOpF 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 3.3 -1.0 1.5 2.5 1.5 
2-9 

Dn to CP 5.0 -1.0 1.5 2.5 1.5 
ns 

th Hold Time, HIGH or LOW 3.3 -1.0 3.5 4.0 4.0 
2-9 

Dn toCP 5.0 -1.0 3.5 4.0 4.0 
ns 

tw CP Pulse Width 3.3 3.5 5.0 6.0 5.5 
2-6 

HIGH or LOW 5.0 2.5 4.0 5.0 4.0 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 
Voltage Range 5.0 is 5.0V ±0.5V 
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C\I co AC Electrical Characteristics 

Vee• Symbol Parameter 
(V) 

Min 

fmax Maximum Clock 
5.0 120 

Frequency 

tPLH Propagation Delay 
5.0 2.0 

CPto On 

lPHL Propagation Delay 
5.0 2.5 

CPtoOn 

tpzH Output Enable Time 
5.0 2.5 

OE to On 

tpzL Output Enable Time 
5.0 2.5 

OE to On 

tpHz Output Disable Time 
5.0 1.5 

OE to On 

tpLz Output Disable Time 
5.0 1.5 

OE to On 

•voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements 

Vee* Symbol Parameter 
(V) 

ts Setup Time, HIGH or LOW 
5.0 

Dn to CP 

th Hold Time, HIGH or LOW 
5.0 

Onto CP 

tw CP Pulse Width 
5.0 

HIGH or LOW 

•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 

C1N Input Capacitance 

Cpo Power Dissipation 
Capacitance 

74ACT 

TA= +25°C 
CL= 50pF 

Typ Max 

150 

6.0 9.5 

6.0 9.5 

7.0 10.5 

7.0 10.5 

7.5 12.0 

7.0 10.5 

74ACT 

TA= +25°c 
CL= 50 pf 

Typ 

2.5 2.0 

-0.5 2.0 

3.0 4.5 

AC/ACT 

Typ 

4.5 

35.0 
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54ACT 74ACT 

TA= -55°C TA= -4o•c 
Fig. 

to+ 125·c to +85°C Units 
No. 

CL= 50 pf CL= 50pF 

Min Max Min Max 

85 110 MHz 2-3 

1.0 11.5 1.5 10.5 ns 2-6 

1.0 11.5 2.0 10.5 ns 2-6 

1.0 12.5 2.0 11.5 ns 2-7 

1.0 13.0 2.0 12.0 ns 2-8 

1.0 13.5 1.0 13.0 ns 2-7 

1.0 12.5 1.0 11.5 ns 2-8 

54ACT 74ACT 

TA= -55°C TA= -40°c 
Fig. 

to+ 125·c to +s5°C Units 
No. 

CL= 50 pf CL= 50pF 

Guaranteed Minimum 

4.0 2.5 ns 2-9 

3.0 2.5 ns 2-9 

6.0 5.5 ns 2-6 

Units Conditions 

pF Vee= 5.ov 

pF Vee= 5.0V 



'?'A National 
D Semiconductor 
54AC/74AC823 • 54ACT/74ACT823 
9-Bit D Flip-Flop 

General Description 
The 'ACTB23 is a 9-bit buffered register. It features Clock 
Enable and Clear which are ideal for parity bus interfacing in 
high performance microprogramming systems. The 
'ACT823 offers noninverting outputs and is fully compatible 
with AMD's Am29823. 

Features 
• Outputs source/sink 24 mA 
• TRI-STATE® outputs for bus interfacing 
• Inputs and outputs are on opposite sides 
• 'ACT823 has TTL-compatible inputs 

The Information for the 'AC823 Is Advanced Information only. 

Ordering Code: see section 5 

Logic Symbols Connection Diagrams 

Do D1 D2 D3 D4 D5 D5 0, Da OE 

eLR 

OE 
CLR 

EN 
CP 

TL/F/9894-1 

Pin Names Description 

Do-Da Data Inputs 
Oo-Oa Data Outputs 
OE Output Enable 
CLR Clear 
CP Clock Input 
EN Clock Enable 

IEEE/I EC 

TL/F/9894-2 
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Pin Assignment 
for DIP, Flatpak and SOIC 

OE 24 Vee 
Do 2 23 Oo 

D1 3 22 01 

D2 4 21 02 

D3 5 20 03 

D4 6 19 04 

D5 7 18 05 

D5 17 05 

D7 16 07 

Da lU 15 Os 

CLR 11 14 EN 
GND 12 13 CP 

TL/F/9894-3 

Pin Assignment 
for LCC 

D7 Ds D5 NC 04 D3 D2 
[j] llQJ m [[) m [[) rn 

Da fill illD1 
CLR~ [II Do 
GND~ ITJDE 

NC Ii]] []]NC 

CP Ii]] WI Vee 
EN l!Zl ill! Oo 
Os[!§] ~01 

[fil~rul~~~~ 
07 05 05 NC 04 03 02 

TL/F/9894-4 II 



Functional Description 
The 'ACT823 consists of nine D-type edge-triggered flip
flops. These have TRI-STATE outputs for bus systems or
ganized with inputs and outputs on opposite sides. The buff
ered clock (CP) and buffered Output Enable (OE) are com
mon to all flip-flops. The flip-flops will store the state of their 
individual D inputs that meet the setup and hold time re
quirements on the LOW-to-HIGH CP transition. With OE 
LOW, the contents of the flip-flops are available at the out
puts. When OE is HIGH, the outputs go to the high imped
ance state. Operation of the OE input does not affect 

Function Table 

the state of the flip-flops. In addition to the Clock and Output 
Enable pins, there are Clear (CLR) and Clock Enable (EN) 
pins. These devices are ideal for parity bus interfacing in 
high performance systems. 

When CLR is LOW and OE is LOW, the outputs are LOW. 
When CLR is HIGH, data can be entered into the flip-flops. 
When EN is LOW, data on the inputs is transferred to the 
outputs on the LOW-to-HIGH clock transition. When the EN 
is HIGH, the outputs do not change state, regardless of the 
data or clock input transitions. 

Inputs Internal Output 
Function 

OE CLR 

H x 
H x 
H L 
L L 
H H 
L H 
H H 
H H 
L H 
L H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
.../ = LOW-to-HIGH Transition 
NC = No Change 

Logic Diagram 

EN CP 

L _/ 

L _/ 

x x 
x x 
H x 
H x 
L _/ 

L _/ 

L _/ 

L _/ 

D Q 0 

L L z HighZ 
H H z HighZ 
x L z Clear 
x L L Clear 
x NC z Hold 
x NC NC Hold 
L L z Load 
H H z Load 
L L L Load 
H H H Load 

Os 

TL/F/9894-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1) Recommended Operating 
If Mllltary/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage (Vee) 
Office/Distributors for avallablllty and specifications. 'AC 2.0Vto 6.0V 
Supply Voltage (Vee) -0.5V to 7.0V 'ACT 4.5Vto 5.5V 
DC Input Diode Current (l1K) Input Voltage (V1) OVto Vee 

V1 = -0.5V -20mA Output Voltage (Vo) OVto Vee 
V1 = Vee + 0.5V +20mA 

DC Input Voltage (Vi) -0.5V to Vee + 0.5V 
Operating Temperature (TA) 

74AC/ACT - 40°C to + 85°C 
DC Output Diode Current (loK) 54AC/ACT - 55°C to + 125°C 

Vo= -0.5V -20mA Junction Temperature (TJ) 
Vo = Vee + o.5V +20mA CDIP 175°C 

DC Output Voltage (Vo) -0.5V to Vee + 0.5V PDIP 140°C 
DC Output Source or Sink Current (lo) ±50mA Input Rise and Fall Time <tr. t1) 
DC Vee or Ground Current (Note 2) (Typical) 

per Output Pin (Ice or IGND) ±50mA (Except Schmitt Inputs) 'AC Devices 

Storage Temperature (Tsrn) - 65°C to + 150°C V1N from 30% to 70% of Vee 

Note 1: Absolute maximum ratings are those values beyond which damage Vee@3.0V 150 ns/V 
to the device may occur. The databook specifications should be met, without Vce ® 4.5V 40 ns/V 
exception, to ensure that the system design is reliable over its power supply, Vee® 5.5V 25 ns/V 
temperature, and output/input loading variables. National does not recom-

Input Rise and Fall Time (tr, t1) mend operation of FACT™ circuits outside databook specifications. 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas from 0.8V to 2.0V 

Vee@4.5V 10 ns/V 
Vee@ 5.5V 8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Electrical Characteristics 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= 25°C TA= TA= Units Conditions (V) -55°C to+ 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 v VouT = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 orVee -0.1V 

'-'iL M2.'(imum La~·.' Leve! 4.5 1.5 0.8 0.8 0.8 v Vour = o.1v 
Input Voltage 4.5 1.5 0.8 0.8 0.8 orVee -0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 v lour= -50 µA 
5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 v loH -24mA 

4.86 4.70 4.76 -24mA 

VoL Maximum Low Level 4.5 0.001 0.1 0.1 0.1 v lour= 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA V1 = Vee.GND Leakage Current 

loz Maximum TRI-STATE Current 
5.5 ±0.5 ±10.0 ±5.0 µA V1 = VtL• V1H 

Vo= Vee.GND 

leer Maximum Ice/Input 5.5 0.6 1.6 1.5 mA V1 =Vee -2.1v 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160 80 µA V1N =Vee 

Supply Current (Note 1) orGND 
•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note 1: Ice limit for 54ACT@ 25'C is identical to 74ACT@ 25'C. 
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations 

74ACT 54ACT 74ACT 

TA= +25°C 
TA= -55°C TA= -40°C 

Symbol Parameter Vee* to+ 125°C to +ss0 c Units Fig. 
(V) CL= 50pF 

CL= 50pF CL= 50pF No. 

Min Typ Max Min Max Min Max 

fmax Maximum Clock 
5.0 120 158 95 109 MHz 2-3 Frequency 

tPLH Propagation Delay 
5.0 1.5 5.5 9.5 1.0 12.0 1.5 10.5 ns 2-6 

CPtoOn 

tPHL Propagation Delay 
5.0 2.0 5.5 9.5 1.0 12.0 1.5 10.5 ns 2-6 

CPtoOn 

tPHL Propagation Delay 
5.0 2.5 8.0 13.5 1.0 18.0 2.0 15.5 ns 2-6 

CLR to On 

tpzH Output Enable Time 5.0 
1.5 6.0 10.5 1.0 11.5 1.5 11.5 ns 2-7 

OE to On 

tpzL Output Enable Time 
5.0 2.0 6.5 11.0 1.0 12.0 1.5 12.0 ns 2-8 

OE to On 

tpHz Output Disable Time 
5.0 1.5 6.5 11.0 1.0 13.5 1.5 12.0 ns 2-7 

OE to On 

tpLz Output Disable Time 
5.0 1.5 6.0 10.5 1.0 12.0 1.5 11.5 ns 2-8 

OE to On 
•voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements: See Section 2 for Waveforms 

74ACT 54ACT 74ACT 

TA= +25°C 
TA= -55°C TA= -40°C 

Vee* to+ 125°C to +85°C Units 
Fig. Symbol Parameter (V) CL= 50pF 

CL= 50pF CL= 50pF No. 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 
5.0 0.5 2.5 4.0 2.5 ns 2-9 DtoCP 

th Hold Time, HIGH or LOW 
5.0 0 2.5 3.0 2.5 ns 2-9 

Dn to CP 

ts Setup Time, HIGH or LOW 
5.0 0 2.0 4.0 2.5 ns 2-9 EN toCP 

th Hold Time, HIGH or LOW 
5.0 0 1.0 3.0 1.0 ns 2-9 ENtoCP 

tw CP Pulse Width 
5.0 2.5 4.5 6.0 5.5 ns 2-6 HIGH or LOW 

tw CLR Pulse Width, LOW 5.0 3.0 5.5 7.0 5.5 ns 2-6 

tree CLR toCP 
5.0 1.5 3.5 4.5 4.0 ns 2-9 

Recovery Time -
•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 

Cpo Power Dissipation 
44 pF Vee= 5.0V 

Capacitance 
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~National 
D Semiconductor 
54AC/74AC825 • 54ACT/74ACT825 
8-Bit D Flip-Flop 

General Description Features 
The 'ACT825 is an 8-bit buffered register. They have Clock 
Enable and Clear features which are ideal for parity bus 
interfacing in high performance microprogramming systems. 
Also included are multiple enables that allow multi-use con
trol of the interface. The 'ACT825 has noninverting outputs 

• Outputs source/sink 24 mA 
• Inputs and outputs are on opposite sides 
• 'ACT825 has TTL-compatible inputs 

and is fully compatible with AMD's Am29825. 

The Information for the 'AC825 Is Advanced Information only. 

Ordering Code: See Section 5 

Logic Symbols 

OE1 Do D1 Dz DJ D4 D5 06 cry 

OEz 

OE3 

CLR 

CP 

EN Oo 01 02 03 04 05 05 07 

TL/F/9895-1 

Pin Names Description 

Do-D7 Data Inputs 
Oo-01 Data Outputs 
OE1 I OE2. OE3 Output Enables 
EN Clock Enable 
CLR Clear 
CP Clock Input 

IEEE/I EC 
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Oo 

01 

02 

03 

04 

05 

05 

07 

TL/F/9895-3 

Connection Diagrams 

Pin Assignment 
for DIP, Flatpak and SOIC 

6E1 1 24 Yee 

6E2 2 23 6E3 

Do 3 22 o0 
01 4 21 o, 
o2 5 20 02 

03 19 03 

04 7 18 04 

05 8 17 05 

15 

0, 10 15 07 

CLR 11 14 EN 
GND 12 13 CP 

TL/F /9895-2 

Pin Assignment 
for LCC 

Oilill 
CLR Ii]! 
GNO~ 

NC [j]J 

CP [i]] 
EN li1I 
07 [fil 

06 05 04 NC DJ Dz D1 
Ii] ffQI !II !ID IIl III rn 

1Ifillml~~l~H3l§I 
05 05 04 NC 03 02 01 

!Il Do 

III OEz 
mi5E1 
[!]NC 

~Vee 
~OE3 
~Oo 

TL/F/9895-4 



U') 
N 
co Functional Description 

The 'AC/'ACT825 consists of eight D-type edge-triggered 
flip-flops. These devices have TRI-STATE® outputs for bus 
systems, organized in a broadside pinning. In addition to the 
clock and output enable pins, the buffered clock (CP) and 
buffered Output Enable (OE) are common to all flip-flops. 
The flip-flops will store the state of their individual D inputs 
that meet the setup and hold time requirements on the 
LOW-to-HIGH CP transition. With OE1, OE2 and OE3 LOW, 
the contents of the flip-flops are available at the outputs. 
When one of OE1, OE2 or OE3 is HIGH, the outputs go to 
the high impedance state. 

Operation of the OE input does not affect the state of the 
flip-flops. The 'AC/' ACT825 has Clear (CLR) and Clock En
able (EN) pins. These pins are ideal for parity bus interfacing 
in high performance systems. 

When CLR is LOW and OE is LOW, the outputs are LOW. 
When CLR is HIGH, data can be entered into the flip-flops. 
When EN is LOW, data on the inputs is transferred to the 
outputs on the LOW-to-HIGH clock transition. When EN is 
HIGH, the outputs do not change state, regardless of the 
data or clock input transitions. 

Function Table 

Inputs 

OE CLR 

H x 
H x 
H L 
L L 
H H 
L H 
H H 
H H 
L H 
L H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
.../" = LOW-to-HIGH Transition 
NC = No Change 

Logic Diagram 

EN 

L 
L 
x 
x 
H 
H 
L 
L 
L 
L 

CP 

_r 
_r 

x 
x 
x 
x 

_r 
_r 
_r 
_r 

Internal Output 
Function 

Dn Q 0 

L L z High-Z 
H H z High-Z 
x L z Clear 
x L L Clear 
x NC z Hold 
x NC NC Hold 
L L z Load 
H H z Load 
L L L Load 
H H H Load 

TL/F/9895-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1> 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Supply Voltage (Vee) -0.5V to 7.0V 

DC Input Diode Current (11K) 
V1 = -0.5V 
V1 =Vee +0.5V 

DC Input Voltage (Vi) 

DC Output Diode Current (loK) 
Vo= -0.5V : 
Vo= Vee +0.5V 

DC Output Voltage (Vo) 

DC Output Source or Sink Current (lo) 

DC Vee or Ground Current 
Per Output Pin (Ice or IGND) 

Storage Temperature (T sTG) 

-20mA 
+20mA 

-0.5V to Vee +0.5V 

-20mA 
+20mA 

-0.5V to Vee +0.5V 

±50mA 

±50mA 

-65°C to + 150°c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FAeTTM circuits outside databook specifications. 

DC Electrical Characteristics 
74ACT 

Symbol 

VoL 

l1N 

loz 

leer 

loLD 

lotio 
Ice 

Parameter 

Minimum High Level 
Input Voltage 

Maximum-~~';' Level 
Input Volt~ 

Minimum Hlgh Level 

Maximum Low Level 
Output Voltage 

Maximum Input Leakage Current 

Maximum TRI-STATE Current 

Maximum Ice/Input 

tMinimum Dynamic 
Output Current 

Maximum Quiescent (Note 1) 
Supply Current 

Vee 
(V) 

4.5 
5.5 

4.5 
5.5 

4.5 
5.5 

4.5 
5.5 

4.5 
5.5 

4.5 
5.5 

5.5 

5.5 

5.5 

5.5 

5.5 

5.5 

Typ 

1.5 2.0 
i.5 2.0 

1.5 0.8 
1.5 0.8 

4.49 4.4 
5.49 5.4 

3.86 
4.86 

0.001 0.1 
0.001 0.1 

0.36 
0.36 

±0.1 

±0.5 

0.6 

8.0 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note 1: Ice limit for 54ACT ® 25'C is identical to 74AeT ® 25'C. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (Vi) 
Output Voltage (Vo) 
Operating Temperature (TA) 

74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, tf) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70%, Vee 
Vee® 3.0V 
Vce ® 4.5V 
Vee® 5.5V 

Input Rise and Fall Time <tr. t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vee® 4.5V 
Vee® 5.5V 

2.0Vto 6.0V 
4.5Vto 5.5V 

OVtoVce 
OVtoVce 

-40°c to + 85°C 
- 55°C to + 125•c 

115·c 
14o·c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

54ACT 74ACT 

TA= TA= 
- ss·c to + 12s·c - 40°c to + as·c Units Conditions 

Guaranteed Limits 

2.0 2.0 
2.0 2.0 

0.8 0.8 
0.8 0.8 

4.4 4.4 
5.4 5.4 

3.70 3.76 
4.70 4.76 

0.1 0.1 
0.1 0.1 

0.50 0.44 
0.50 0.44 

±1.0 ±1.0 

±10.0 ±5.0 

1.6 1.5 

50 75 

-50 -75 

160 80 
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v 

v 

v 

v 

v 

E__A 

µA 

mA 

mA 

mA 

µA 

Vour = 0.1V 
cr'.'cc -0.1'.' 

Vour = 0.1V 
or Vee -0.1V 

lour= -50 µA 

*V1N = V1L or V1H 
loH -24mA 

-24mA 

lour= 50 µA 

*V1N = V1L or V1H 
loL 24mA 

24mA 

V1 = Vcc.GND 

V1 =VIL• V1H 
Vo= Vec.GND 

V1 =Vee -2.1V 

VoLD = 1.65V Max 

VoHD = 3.85V Min 

V1N =Vee 
orGND 

co 
N 
U1 

a 



AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations 

74ACT 54ACT 74ACT 

Vee* TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter to+ 125°C to +85°C Units 

No. (V) CL= SO pf 
CL= 50pF CL= SO pf 

Min Typ Max Min Max Min Max 

fmax Maximum Clock 
5.0 120 158 95 109 MHz 2-3 

Frequency 

tPLH Propagation Delay 
5.0 1.5 5.5 9.5 1.0 11.5 1.5 10.5 ns 2-6 

CPtoOn 

tPHL Propagation Delay 
5.0 2.0 5.5 9.5 1.0 11.5 1.5 10.5 ns 2-6 

CPtoOn 

tPHL Propagation Delay 
5.0 2.5 8.0 13.5 1.0 18.0 2.0 15.5 ns 2-6 

CLR to On 

tpzH Output Enable Time 
5.0 1.5 6.0 10.5 1.0 11.5 1.5 11.5 ns 2-7 

OE to On 

tpzL Output Enable Time 
5.0 2.0 6.5 11.0 1.0 12.5 1.5 12.0 ns 2-8 

OE to On 

tpHz Output Disable Time 
5.0 1.5 6.5 11.0 1.0 13.5 1.5 12.0 ns 2-7 

OE to On 

tpLz Output Disable Time 
5.0 1.5 6.0 10.5 1.0 13.0 1.5 11.5 ns 2-8 

OE to On 
•voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements: See Section 2 for Waveforms 

74ACT 54ACT 74ACT 

Vee* TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter to+ 125°C to +85°C Units 

No. (V) CL= SO pf 
CL= 50pF CL= 50pF 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 
5.0 0.5 2.5 4.0 2.5 ns 2-9 

Dn toCP 

th Hold Time, HIGH or LOW 
5.0 0 2.5 3.0 2.5 ns 2-9 

Dn toCP 

ts Setup Time, HIGH or LOW 
5.0 0 2.0 4.0 2.5 ns 2-9 

ENtoCP 

th Hold Time, HIGH or LOW 
5.0 0 1.0 3.0 1.0 ns 2-9 

EN toCP 

tw CP Pulse Width 
5.0 2.5 4.5 6.0 5.5 ns 2-6 

HIGH or LOW 

tw CLR Pulse Width, LOW 5.0 3.0 5.5 7.0 5.5 ns 2-6 

tree CLR toCP 
5.0 1.5 3.5 4.5 4.0 ns 2-9 

Recovery Time 

•voltage Range 5.0 is 5.0V ± 0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 

Cpo Power Dissipation 
44 pF Vee= 5.ov 

Capacitance 
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ADVANCE INFORMATION 

54ACT /7 4ACT827 
10-Bit Buffer/Line Driver with TRI-STATE® Outputs 

General Description Features 
The 'ACT827 10-bit bus buffer provides high performance • 'ACT827 has TTL-compatible inputs 
bus interface buffering for wide data/adress paths or buses • TRI-STATE® Outputs 
carrying parity. The 10-bit buffers have NOR output enables 
for maximum control flexibility. 

The 'ACT827 is functionally- and pin-compatible to AMD's 
AM29827. 

Logic Symbols Connection Diagrams 

IEEE/I EC 

EN1 

TL/F/10140-3 

Pin Names Description 

OE1,0E2 Output Enable 

Do-D7 Data Inputs 

Oo-01 Data Cut~ut.:; 
TL/F/10140-4 
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Pin Assignment 
for DIP, Flatpak and SOIC 

OE1 

Do 

o, 
D2 

03 

04 

Ds 

05 

~ 
Ds 

09 

GND 

Ds Ii] 
09 !lll 

GND Ii] 

NC~ 

OE2 fill 
09 [j] 
Os fill 

1 24 Vee 
2 23 Oo 

3 22 o, 
4 21 02 

20 03 

19 04 

18 Os 

17 05 

9 16 07 

10 15 Os 

11 14 09 

12 13 fil2 

TL/F/10140-1 

Pin Assignment 
for LCC 

07 05 Ds NC D 4 03 D2 
[j][Q][[][[]II)[[][[] 

(]]]!illll:j]l?lJ~~~ 

07 06 Os NC 0 _. 03 02 

mo, 
l1JDo 
III OE1 
[I]NC 

@I Vee 
gz] Oo 
@] o, 

TL/F/10140-2 

CIO 
N ....... 
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54ACT /7 4ACT841 
10-Bit Transparent Latch with TRI-STATE® Outputs 

General Description 
The 'ACT841 bus interface latch is designed to eliminate 
the extra packages required to buffer existing latches and 
provide extra data width for wider address/data paths or 
buses carrying parity. The 'ACT841 is a 10-bit transparent 
latch, a 10-bit version of the 'ACT373. 

Ordering Code: see sections 

Logic Symbols 

Do D1 D2 D3 D" D5 D5 D1 De Dg 

OE 

LE 

Oo 01 02 03 04 05 05 07 Os Og 

TL/F/10156-1 

Pin Names Description 

Do-Dg Data Inputs 
Oo-Og TRI-STATE Outputs 
OE Output Enable 
LE Latch Enable 

Features 
• 'ACT841 has TTL-compatible inputs 
• Outputs source/sink 24 mA 
• Non-inverting TRI-ST ATE outputs 

Oo 

01 

02 

03 

04 

05 

05 

07 

Oa 

Og 

TL/F/10156-2 

Connection Diagrams 

Pin Assignment 
for DIP, Flatpak and SOIC 

OE 
Do 

D1 

D2 

03 

D4 

D5 

05 

~ 
Da 

Dg 

GND 

Ds 1i11 
09 Ii] 

GND Ii] 

NC Ii] 
LE [fil 
09 Ii] 
Oa lil! 

1 24 Vee 

2 23 Oo 

3 22 o, 
4 21 02 

5 20 03 
6 19 04 

7 18 05 

8 17 05 

9 16 07 

10 15 Oa 

11 14 09 

12 13 LE 

TL/F/10156-3 

Pin Assignment 
for LCC 

0, 06 o5 NC 0-4 o3 02 
[jJ 1!§.1 [[] I]] m [[) rn 

Ii]]~ l~H~ ~H~ Im 
07 05 05 NC 0-4 03 02 

III o1 
rno0 
III OE 
[I]NC 

~Vee 
!iii Oo 
~01 

TL/F/10156-4 
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Functional Description 
The ACT841 consists of ten D-type latches with TRI-STATE 
outputs. The flip-flops appear transparent to the data when 
Latch Enable (LE) is HIGH. This allows asynchronous oper
ation, as the output transition follows the data in transition. 

Inputs 

OE LE 

x x 
H H 
H H 
H L 
L H 
L H 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
NC = No Change 

Logic Diagram 

D 

x 
L 
H 
x 
L 
H 
x 

Function Table 

Internal Output 

Q 0 

x z 
L z 
H z 

NC z 
L L 
H H 

NC NC 

On the LE HIGH-to-LOW transition, the data that meets the 
setup and hold time is latched. Data appears on the bus 
when the Output Enable (OE) is LOW. When OE is HIGH 
the bus output is in the high impedance state. 

Function 

HighZ 
HighZ 
HighZ 
Latched 
Transparent 
Transparent 
Latched 

TL/F/10156-5 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate progagation delays. 
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Absolute Maximum Rating (Note 1> Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales Supply Voltage (Vee) 
Office/Distributors for availability and specifications. 

'AC 2.0Vto6.0V 
Supply Voltage (Vee) -0.5V to+ 7.0V 'ACT 4.5Vto 5.5V 
DC Input Diode Current (l1K) Input Voltage (V1) OVtoVcc 

V1 = -0.5V -20mA 
Output Voltage (Vo) OVtoVcc 

V1 = Vee + 0.5V +20mA 

DC Input Voltage (Vi) -0.5V to Vee + 0.5V 
Operating Temperature (TA) 

74AC/ACT - 40°C to + 85°C 
DC Output Diode Current (loK) 54AC/ACT - 55°C to + 125°C 

Vo= -0.5V -20mA 
Junction Temperature (TJ) 

Vo = Vee + 0.5V +20mA CDIP 175°C 
DC Output Voltage (Vo) -0.5V to to Vee + 0.5V PDIP 140°C 
DC Output Source Input Rise and Fall Time (tr, t1) 

or Sink Current (lo) ±50mA (Note 2) (Typical) 
DC Vee or Ground Current (Except Schmitt Inputs) 'AC Devices 

per Output Pin (Ice or IGND) ±50mA V1N from 30% to 70% of Vee 
Storage Temperature (T srG) - 65°C to + 150°C Vce ® 3.0V 150 ns/V 

Note 1: Absolute maximum ratings are those values beyond which damage Vce ® 4.5V 40 ns/V 
to the device may occur. The databook specifications should be met, without Vee® 5.5V 25 ns/V 
exception, to ensure that the system design is reliable over its power supply, Input Rise and Fall Time (tr. tt) 
temperature, and output/input loading variables. National does not recom- (Note 2) (Typical) mend operation of FACT™ circuits outside databook specifications. 

(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.ov 
Vcc ® 4.5V 10 ns/V 
Vcc ® 5.5V 8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
{V) - 55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

Vour = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 or Vee - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

Vour = o.1v 
Input Voltage 5.5 1.5 0.8 0.8 0.8 orVee - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

lour= -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
4.5 3.86 3.70 3.76 

v loH 
-24mA 

5.5 4.86 4.70 4.76 -24mA 

Vol Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

lour= 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = Vce.GND 
Leakage Current 

loz Maximum TRI-STATE 
5.5 ±0.5 ±10.0 ±5.0 µA V1 =VIL• V1H 

Leakage Current Vo= Vce.GND 

leer Maximum 
5.5 0.6 1.6 1.5 µA 

V1 =Vee - 2.1V 
Ice/Input 

4-296 



DC Characteristics for 'ACT Family Devices (Continued) 

74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) - ss·c to + 12s·c - 4o•c to + ss·c 

Typ Guaranteed Limits 

IQLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA 

V1N =Vee 
Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note: Ice for 54ACT ® 25'C is identical to 74ACT ® 25'C. 

AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee* TA= +25°c 
TA= -ss·c TA= -4o·c 

Fig. 
Symbol Parameter to+ 12s·c to +ss·c Units 

(V) CL= 50 pF 
CL= 50pF CL= 50 pF 

No. 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 
5.0 2.0 5.5 9.5 1.0 11.0 2.0 10.0 ns 2-5 

Dn to On 

tPHL Propagation Delay 
5.0 2.0 5.5 9.5 1.0 11.0 2.0 10.0 ns 2-5 

Dn to On 

tPLH Propagation Delay 
5.0 2.0 5.5 9.0 1.0 11.0 2.0 10.0 ns 2-6 

LE to On 

tPHL Propagation Delay 
5.0 2.0 5.5 9.0 1.0 11.0 2.0 10.0 ns 2-6 

LE to On 

tpzH Output Enable Time 
5.0 2.0 5.5 9.5 1.0 11.0 2.0 10.5 ns 2-7 

OE to On 

tpzL Output Enable Time 
5.0 2.0 5.5 9.5 1.0 11.0 2.0 10.5 ns 2-8 

OE to On 

tpHz Output Disable Time 
5.0 2.0 6.0 10.5 1.0 12.0 2.0 11.0 ns 2-7 

OE to On 

tpLZ Output Disable Time 
5.0 2.0 6.0 10.5 1.0 12.0 2.0 11.0 ns 2-8 

OE to On 

•voltage Range 5.0 is 5.0V ± 0.5V 
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AC Operating Requirements 
..... .,,,, 

74ACT 54ACT 74ACT· 

Vee* TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter 

(V) CL= 50pF 
to+ 125°C to +85°C Units 

No. 
CL= 50pF CL= 50pF 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 
5.0 -0.5 0.5 3.0 1.0 ns 2-9 

Dn to LE 

th Hold Time, HIGH or LOW 
5.0 0.5 2.0 2.0 2.0 2-9 

Dn to LE 
ns 

tw LE Piuse Width, HIGH 5.0 2.0 3.5 5.0 3.5 ns 2-6 
•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.ov 
Cpo Power Dissipation 

44 pF Vee= 5.ov 
Capacitance 

.~· ..... -' 
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54AC/74AC843 • 54ACT/74ACT843 
8-Bit Transparent Latch 

General Description Features 
The 'AC/'ACT843 _bus interface latch is designed to elimi- • 'ACT843 has TIL-compatible inputs 
nate the extra packages required to buffer existing latches • TRI-STATE® outputs for bus interfacing 
and provide extra data width for wider address/data paths. 

The 'AC/'ACT843 is functionally and pin compatible with 
AMD's Am29843. 

Ordering Code: see sections 

Logic Symbols Connection Diagrams 

Pin Names Description 

Do-D7 Data Inputs 
Oo-07 Data Outputs 
OE Output Enable 
LE Latch Enable 
CLR Clear 
PRE Preset 

Pin Assignment 
for DIP, Flatpak and SOIC 

24 Vee 
23 Oo 

22 01 

21 02 

20 03 

19 04 

18 05 

17 05 

16 07 

15 08 

141-PRE 

13,LE -----TL/F/9800-2 

4-299 

Ds lill 
CLR Ii] 
GND~ 

NC [i]] 

LE[@ 

PRE li1J 
03@1 

Pin Assignment 
for LCC 

D7 D5 D5 NC D4 D3 D2 
[j] [QJ II] [[) [I] [[] [fil 

[j]]im~~l~H~lm 
07 0 6 o5 NC o4 o3 o2 

ill D1 
rn 00 
II! CiE 
[!]NC 

~Vee 
ill! Oo 
Im 01 

I L/t-/!!tJUU-4 



Functional Description 
The 'AC/'ACT843 consists of nine D-type latches with TRI· 
STATE outputs. The flip-flops appear transparent to the 
data when Latch Enable (LE) is HIGH. This allows asyn
chronous operation, as the output transition follows the data 
in transition. On the LE HIGH-to-LOW transition, the data 
that meets the setup times is latched. Data appears on the 
bus when the Output Enable (OE) is LOW. When OE is 
HIGH, the bus output is in the high impedance state. In 

addition to the LE and OE pins, the 'AC/'ACT843 has a 
Clear (CLR) pin and a Preset (PRE) pin. These pins are ideal 
for parity bus interfacing in high performance systems. 
When CLR is LOW, the outputs are LOW if OE is LOW. 
When CLR is HIGH, data can be entered into the latch. 
When PRE is LOW, the outputs are HIGH if OE is LOW. 
Preset overrides CLR. 

Function Tables 

CLR PRE 

H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
NC = No Change 

H 
H 
H 
H 
H 
H 
L 
H 
L 
H 
L 

Logic Diagram 

LE 

Inputs 

OE LE 

H H 
H H 
H L 
L H 
L H 
L L 
L x 
L x 
L x 
H L 
H L 

Internal 

D Q 

L L 
H H 
x NC 
L L 
H H 
x NC 
x H 
x L 
x H 
x L 
x H 
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Outputs 

0 

z 
z 
z 
L 
H 

NC 
H 
L 
H 
z 
z 

Function 

HighZ 
HighZ 
Latched 
Transparent 
Transparent 
Latched 
Preset 
Clear 
Preset 
Clear/High Z 
Preset/High Z 

Os 

TL/F/9800-5 



Absolute Maximum Ratings (Note 1) 

If Military I Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 =Vee +0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo = Vee + o.5V 

DC Output Voltage (Vo) 

DC Output Source 
or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T srn) 

-20mA 
+20mA 

-0.5V to Vee +0.5V 

-20mA 
+20mA 

-0.5V to Vee +0.5V 

±50mA 

±50mA 

- 65°C to + 15o•c 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occ-..ir. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature (TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'AC Devices 
V1N from 30% to 70% of Vee 
Vee® 3.ov 
Vcc ® 4.5V 
Vce ® 5.5V 

Input Rise and Fall Time (tr, t1) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 'ACT Devices 
V1N from 0.8V to 2.0V, Vmeas 
from o.av to 2.ov 
Vee® 4.5V 
Vee® 5.5V 

2.0Vto 6.0V 
4.5Vto 5.5V 

OVtoVcc 

OVtoVcc 

-40°C to + a5°C 
- 55°C to + 125•c 

115•c 
14o·c 

150 ns/V 
40 ns/V 
25 ns/V 

10 ns/V 
8 ns/V 

Note 2: See Individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Electrical Characteristics for 'AC Family Devices 
74AC 54AC 74AC 

Symbol Parameter Vee TA= +2s0 c 
TA= TA= 

Units Conditions 
(V) - ss·c to + 12s·c - 4o•c to + as·c 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = o.1v 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee - 0.1V 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = o.1v 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee - 0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

Vol Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input V1 =Vee. GND 
Leakage Current 

5.5 ±0.1 ±1.0 ±1.0 µA 
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DC Electrical Characteristics for 'AC Family Devices ccontinued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) - 55°C to + 125°C - 40°C to + 85°C 

Typ Guaranteed Limits 

loz Maximum TRI-STATE v, (OE) = VrL. VrH 
Leakage Current 5.5 ±0.5 ±10.0 ±5.0 µA v, = Vcc.GND 

Vo= Vcc.GND 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA VrN =Vee 

Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaximum test duration 2.0 ms, one output loaded at a time. 

Note: l1N and Ice® 3.0V are guaranteed to be less than or equal to the respective limit® 5.5V Vee-

Ice for 54AC ® 25°C is identical to 74AC ® 25°C. 

DC Electrical Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter Vee TA= +25°C 
TA= TA= 

Units Conditions 
(V) -55°C to+ 125°C - 40°C to + as·c 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
v 

Vour = 0.1V 
Input Voltage 5.5 1.5 2.0 2.0 2.0 orVcc - 0.1V 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
v 

Vour = o.w 
Input Voltage 5.5 1.5 0.8 0.8 0.8 or Vee - 0.1V 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
v 

lour= -50 µA 
Output Voltage 5.5 5.49 5.4 5.4 5.4 

*VrN = V1L or VrH 
4.5 3.86 3.70 3.76 

v loH 
-24mA 

5.5 4.86 4.70 4.76 -24mA 

Vol Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
v 

lour= 50 µA 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

*VrN = VrL or VrH 
4.5 0.36 0.50 0.44 

v loL 
24mA 

5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

v, = Vee.GND 
Leakage Current 

loz Maximum TRI-STATE 
5.5 ±0.5 ±10.0 ±5.0 µA v, = VrL. VrH 

Leakage Current Vo= Vee.GND 

leer Maximum 
5.5 0.6 1.6 1.5 mA 

v 1 =Vee - 2.1v 
Ice/Input 

loLD tMinimum Dynamic 5.5 50 75 mA VoLD = 1.65V Max 

loHD 
Output Current 5.5 -50 -75 mA VoHD = 3.85V Min 

Ice Maximum Quiescent 
5.5 8.0 160.0 80.0 µA V1N =Vee 

Supply Current orGND 

•All outputs loaded; thresholds on input associated with output under test. 

tMaxlmum test duration 2.0 ms, one output loaded at a time. 

Note: Ice for 54ACT ® 25°C is identical to 74ACT ® 25°C. 
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AC Electrical Characteristics 

Symbol Parameter 

tPLH Propagation Delay 
Dn to On 

tPHL Propagation Delay 
Dn to On 

tPLH Propagation Delay 
LE to On 

tPHL Propagation Delay 
LE to On 

tPLH Propagation Delay 
PRE to On 

tPHL Propagation Delay 
CLR to On 

tpzH Output Enable Time 
OE to On 

tpzL Output Enable Time 
OE to On 

tpHz Output Disable Time 
OE to On 

tpLZ Output Disable Time 
OE to On 

tPHL Propagation Delay 
PRE to On 

tPLH Propagation Delay 
CLR to On 

•voltage Range 3.3 is 3.3V ±0.3V 

•voltage Range 5.0 is 5.0V ±0.5V 

Vee• 
(V) 

Min 

3.3 3.5 
5.0 2.0 

3.3 4.0 
5.0 2.5 

3.3 3.5 
5.0 2.0 

3.3 4.0 
5.0 2.5 

3.3 5.5 
5.0 3.5 

3.3 7.5 
5.0 5.0 

3.3 3.5 
5.0 2.0 

3.3 4.0 
5.0 2.0 

3.3 4.0 
5.0 3.0 

3.3 3.0 
5.0 2.0 

3.3 4.5 
5.0 3.0 

3.3 4.5 
5.0 3.0 

74AC 

TA= +25°C 
CL= SO pf 

Typ Max 

6.5 12.0 
4.5 8.5 

7.0 12.0 
5.0 8.5 

6.5 12.0 
4.5 8.5 

7.0 12.0 
5.0 8.5 

8.5 19.0 
6.0 13.0 

11.0 21.5 
7.5 15.0 

6.0 11.0 
4.5 8.0 

6.5 11.0 
5.0 8.0 

6.5 10.5 
5.0 8.0 

6.0 10.5 
4.5 8.0 

7.0 12.5 
5.0 9.0 

7.0 12.5 
5.0 9.0 
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54AC 74AC 

TA= -55°C TA= -40°c 
Fig. 

to+ 12s0 c to +ss·c Units 
No. 

CL= SO pf CL= SO pf 

Min Max Min Max 

1.0 14.0 2.5 13.0 
2-5 

1.0 10.0 1.5 9.0 
ns 

1.0 14.0 3.0 13.0 
2-5 

1.0 10.0 1.5 9.0 
ns 

1.0 14.0 2.5 13.0 
2-6 

1.0 10.0 1.5 9.0 
ns 

1.0 14.0 3.0 13.0 
2-6 

1.0 10.0 1.5 9.0 
ns 

1.0 23.5 4.5 21.5 
2-6 

1.0 16.0 2.5 14.5 
ns 

1.0 26.5 6.0 24.0 
2-6 

1.0 19.0 4.0 17.0 
ns 

1.0 13.0 3.0 12.0 
2-7 

1.0 10.0 1.5 9.0 
ns 

1.0 13.0 2.5 12.0 
2-8 

1.0 10.0 1.5 9.0 
ns 

1.0 12.0 3.5 11.0 
2-7 

1.0 9.0 2.5 8.5 
ns 

1.0 12.0 2.5 11.0 
2-8 

1.0 9.0 1.5 8.5 
ns 

1.0 15.0 3.5 13.5 
2-6 

1.0 10.5 2.0 9.5 
ns 

1.0 15.0 3.5 13.5 
2-6 

9.ti 
ns 

1.0 10.5 2.0 



AC Operating Requirements 
74AC 54AC 74AC 

TA= +2s0 c 
TA= -ss·c TA= -40°c 

Symbol Parameter Vee* CL= SOpF 
to+ 12s·c to +es·c. 

Units 
Fig. 

(V) CL= 50 pf CL= SOpF No. 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 3.3 0 3.0 3.5 3.5 
2-9 

Dn to LE 5.0 -0.5 1.5 2.0 2.0 
ns 

th Hold Time, HIGH or LOW 3.3 2.0 2.0 2.0 
2-9 

Dn to LE 5.0 -0.5 2.5 2.5 2.5 
ns 

tw LE Pulse Width, HIGH 3.3 1.5 3.0 3.5 3.0 
2-6 

5.0 1.5 3.0 3.0 3.0 
ns 

tw PRE Pulse Width, LOW 3.3 5.0 12.0 16.0 14.5 
2-6 

5.0 3.0 8.5 11.0 10.0 
ns 

tw CLR Pulse Width, LOW 3.3 5.5 14.0 18.5 16.5 
2-6 

5.0 4.0 10.0 13.0 12.0 
ns 

tree PRE Recovery Time 3.3 1.0 3.0 3.5 3.0 
2-9 

5.0 0 1.5 1.5 1.5 
ns 

tree CLR Recovery Time 3.3 0 1.5 2.5 1.5 
2-9 

5.0 -0.5 0.5 1.5 0.5 
ns 

•voltage Range 3.3 is 3.3V ±0.3V 

•voltage Range 5.0 is 5.0V ±0.5V 
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AC Electrical Characteristics 
74ACT 54ACT 74ACT 

Vee* TA= +25°C 
TA= -55°C TA= -40°c 

Fig. 
Symbol Parameter 

(V) CL= 50 pf 
to+ 125•c to +B5°C Units 

No. 
CL= 50pF CL= 50 pf 

Min Typ Max Min Max Min Max 

tpLH Propagation Delay 
5.0 2.5 5.5 9.5 1.0 11.0 2.0 10.0 ns 2-5 

Dn to On 

tpHL Propagation Delay 
5.0 2.5 5.5 9.5 1.0 11.0 2.0 10.0 ns 2-5 

Dn to On 

tPLH Propagation Delay 
5.0 2.5 5.5 9.0 1.0 11.0 2.0 10.0 ns 2-6 

LE to On 

tpHL Propagation Delay 
5.0 2.5 5.5 9.0 1.0 11.0 2.0 10.0 ns 2-6 

LE to On 

tpLH Propagation Delay 
5.0 2.5 6.5 14.0 1.0 17.5 2.0 16.0 ns 2-6 

PRE to On 

tpHL Propagation Delay 
5.0 2.5 7.5 15.5 1.0 19.0 2.0 17.5 ns 2-6 

CLR to On 

tpzH Output Enable Time 
5.0 2.5 5.5 9.5 1.0 11.0 2.0 10.5 ns 2-7 

OE to On 

tpzL Output Enable Time 
5.0 2.5 5.5 9.5 1.0 11.0 2.0 10.5 ns 2-8 

OE to On 

tpHz Output Disable Time 
5.0 2.5 6.0 10.5 1.0 12.0 2.0 11.0 ns 2-7 

OE to On 

tpLZ Output Disable Time 
5.0 2.5 6.0 10.5 1.0 12.0 2.0 11.0 ns 2-8 

OE to On 

tPHL Propagation Delay 
5.0 2.5 6.0 10.5 1.0 12.5 2.0 11.0 ns 2-6 

PRE to On 

tpLH Propagation Delay 
5.0 2.5 5.5 9.5 1.0 11.5 2.0 10.5 ns 2-6 

t.;LH to On 

•voltage Range 5.0 is 5.0V ±0.5V 

AC Operating Requirements 
74ACT 54ACT 74ACT 

TA= +25°c 
TA= -55°c TA= -40°c 

Symbol Parameter Vee* 
CL= 50 pf 

to+ 125·c to +85°C 
Units 

Fig. 
(V) CL= 50pF CL= 50pF No. 

Typ Guaranteed Minimum 

ts Setup Time, HIGH or LOW 
5.0 -0.5 0.5 1.0 1.0 ns 2-9 

Dn to LE 

th Hold Time, HIGH or LOW 
5.0 0.5 2.0 2.0 2.0 ns 2-9 

Dn to LE 

tw LE Pulse Width, HIGH 5.0 2.0 3.5 3.5 3.5 ns 2-6 

tw PRE Pulse Width, LOW 5.0 5.0 8.5 11.0 10.0 ns 2-6 

tw CLR Pulse Width, LOW 5.0 5.5 9.5 12.5 11.0 ns 2-6 

tree PRE Recovery Time 5.0 0.5 2.0 2.0 2.0 ns 2-9 

tree CLR Recovery Time 5.0 -0.5 1.0 1.0 1.0 ns 2-9 

•voltage Range 5.0 is 5.0V ±0.5V 
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Capacitance 

Symbol Parameter 
AC/ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation 
44 pF Vee= 5.ov 

Capacitance 
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~National a Semiconductor 
54AC/74AC845 • 54ACT /74ACT845 
8-Bit Transparent Latch with TRI-STATE® Outputs 

General Description Features 
The 'AC/'ACT845 bus interface latch is designed to elimi- • 'ACT845 has TIL-compatible inputs 
nate the extra packages required to buffer existing latches 
and provide easy expansion through multiple OE controls. 

The 'AC/' ACT845 is functionally and pin compatible with 
AMD's Am29845. 

The Information for the 'AC845 Is Advanced Information only. 

Ordering Code: see sections 

Logic Symbols Connection Diagrams 
Pin Assignment 

Of, for DIP, Flatpak and SOIC 

O'E2 

OE3 Of, 24 Vee 
PRE 0E2 23 OE3 
CLR Do 3 22 Oo 

LE D, 4 21 o, 

TL/F/9896-3 Do Oo D2 5 20 02 

D1 o, D3 6 19 03 

D2 02 D_. 7 18 04 

Pin Names Description D3 03 Ds 8 17 05 

Do-D1 Data Inputs D5 9 16 05 

Oo-01 Data Outputs D1 10 15 07 
OE1-0E3 Output Enables CLR 11 14 PRE 
LE Latch Enable 
CLR Clear GND 12 13 LE 

PRE Preset TL/F/9896-5 
TL/F/9896-1 

Pin Assignment 
for LCC 

05 05 04 NC 03 D2 D1 
[j] IJ]) rn (fil rn m rn 

07 [j] [ii Do 
CLR~ [I]OE2 
GND IHI [IJOE1 

NC lffi [I]NC 
LE Ii]] ~Vee 

PRE !ill [l] OE3 
07 Ii]] Im Oo 

[j]]ggj~~~~~ 
05 05 04 NC o3 02 01 

TL/F/9896-2 El 
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Functional Description 
The 'ACT845 consists of eight D latches with TRI-STATE 
outputs. The flip-flops appear transparent to the data when 
Latch Enable (LE) is HIGH. This allows asynchronous oper
ation as the output transition follows the data in transition. 

Function Table 

Inputs Internal 

CLR PRE 

H H 
H H 
H H 
H H 
H H 
H H 
H L 
L H 
L L 
L H 
H L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
NC = No Change 

Logic Diagram 

OEn 

H 
H 
H 
L 
L 
L 
L 
L 
L 
H 
H 

LE D Q 

H L L 
H H H 
L x NC 
H L L 
H H H 
L x NC 
x x H 
x x L 
x x H 
L x L 
L x H 

On the LE HIGH-to-LOW transition, the data that meets the 
setup times is latched Data appears on the bus when the 
Output Enables (OE1, OE2, OE3) are LOW. When any one 
of OE1, OE2 or OE3 is HIGH, the bus output is in the high 
impedance state. 

Output 
Function 

0 

z HighZ 
z HighZ 
z Latched 
L Transparent 
H Transparent 

NC Latched 
H Preset 
L Clear 
H Preset 
z Clear/High Z 
z Preset/High Z 

TL/F/9896-4 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1> Recommended Operating 
If Miiitary/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Supply Voltage (Vee) 
Office/Distributors for avallablllty and specifications. 

'AC 2.0Vto 6.0V 
Supply Voltage (Vee) -0.5V to+ 7.0V 'ACT 4.5Vto 5.5V 
DC Input Diode Current (l1K) Input Voltage (Vi) OVtoVcc 

V1 = -0.5V -20mA 
Output Voltage (Vo) OVtoVee 

V1 =Vee +0.5V +20mA 

DC Input Voltage (Vi) -0.5V to Vee +0.5V 
Operating Temperature (TA) 

74ACT - 40°C to + 85°C 
DC Output Diode Current (loK) 54ACT - 55°C to + 125°C 

Vo= -0.5V -20mA 
Junction Temperature (TJ) 

Vo = Vee + 0.5V +20mA 
CDIP 115·c 

DC Output Voltage (Vo) -0.5V to Vee + 0.5V PDIP 14o•c 
DC Output Source or Sink Current (lo) ±50mA Input Rise and Fall Time 
DC Vee or Ground Current (Note 2) (Typical) 

Per Output Pin (lee or IGND) ±50mA (Except Schmitt Inputs) <tr. t1) 

Storage Temerature (T sTG) -65°C to + 15o·c V1N from 0.8V to 2.0V, Vmeas 

Note 1: Absolute maximum ratings are those values beyond which damage from 0.8V to 2.0V 
to the device may occur. The databook specifications should be met, without Vcc@4.5V 10 ns/V 
exception, to ensure that the system design is reliable over its power supply, Vcc@5.5V 8 ns/V 
temperature, and output/input loading variables. National does not recom- Note 2: Individual data sheets for those devices which differ from the typical 
mend operation of FACTTM circuits outside databook specifications. input rise and fall times noted here. 

DC Electrical Characteristics for 'ACT Family Devices 
74ACT 54ACT 74ACT 

Symbol Parameter TA= 2s·c TA= TA= Units 
Vee Conditions -ss·c to+ 12s·c - 4o•c to + ss·c (V) 

Typ Guaranteed Limits 

V1H Minimum High Level 1.5 2.0 2.0 2.0 v 4.5 VouT = 0.1V 
Input Voltage 1.5 2.0 2.0 2.0 5.5 or Vee - 0.1V 

V1L Maximum Low Level 1.5 0.8 0.8 0.8 v 4.5 VouT = 0.1V 
Input Voltage 1.5 0.8 0.8 0.8 5.5 orVee - 0.1V 

VoH Minimum High Level 4.49 4.4 4.4 4.4 v 4.5 louT = -50 µA 
5.49 5.4 5.4 5.4 5.5 

*'.'ii.J - '-'iL er '-'iH 
3.86 3.70 3.76 v 4.5 loH -24mA 
4.86 4.70 4.76 5.5 -24mA 

VoL Maximum Low Level 0.001 0.1 0.1 0.1 v 4.5 louT = 50 µA 
Output Voltage 0.001 0.1 0.1 0.1 5.5 

*V1N = V1L or V1H 
0.36 0.50 0.44 v 4.5 loL 24mA 
0.36 0.50 0.44 5.5 24mA 

l1N Maximum Input 
±0.1 ±1.0 ±1.0 µA 5.5 V1 =Vee. GND 

Leakage Current 

loz Maximum TRI-STATE 
±0.5 ±10.0 ±5.0 µA 5.5 V1 =VIL• V1H 

Leakage Current Vo= Vec.GND 

lceT Maximum Ice/Input 0.6 1.6 1.5 mA 5.5 V1 =Vee - 2.1V 

loLO tMinimum Dynamic 50 75 mA 5.5 VoLD = 1.65V Max 

loHD 
Output Current -50 -75 mA 5.5 VoHD = 3.85V Min 

lee Maximum Quiescent 
8.0 160 80 µA 5.5 V1N =Vee 

Supply Current or Ground (Note 1) 

•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Note 1: Ice limit for 54ACT@ 25"C is identical to 74ACT@ 25"C. 
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AC Electrical Characteristics: See Section 2 or Waveforms and Load Configurations 

74ACT 54ACT 74ACT I 

TA= +25°C 
TA= -55°C TA= -40°c 

Vee• Fig. 
Symbol Parameter to+ 12s·c to +ss·c Units 

(V) No. CL= 50pF 
CL= 50pF CL= 50pF 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay 
2.0 5.5 9.5 2.0 10.0 ns 5.0 2-5 

Dn to On 

tPHL Propagation Delay 
2.0 5.5 9.5 2.0 10.0 ns 5.0 2-5 

Dn to On 

tpLH Propagation Delay 
2.0 5.5 9.0 2.0 10.0 ns 5.0 2-6 

LE to On 

tpHL Propagation Delay 
2.0 5.5 9.0 2.0 10.0 ns 5.0 2-6 

LE to On 

tpLH Propagation Delay 
2.0 6.5 14.0 2.0 16.0 ns 5.0 2-6 

PRE to On 

tpHL Propagation Delay 
2.0 7.5 15.5 2.0 17.5 ns 5.0 2-6 

CLR to On 

tpzH Output Enable Time 
2.0 5.5 9.5 2.0 10.5 ns 5.0 2-7 

OE to On 

tpzL Output Enable Time 
2.0 5.5 9.5 2.0 10.5 ns 5.0 2-8 

OE to On 

tpHz Output Disable Time 
2.0 6.0 10.5 2.0 11.0 ns 5.0 2-7 

OE to On 

tpLZ Output Disable Time 
2.0 6.0 10.5 2.0 11.0 ns 5.0 2-8 

OE to On 

tpHL Propagation Delay 
2.0 6.0 10.5 2.0 11.0 ns 5.0 2-6 

PRE to On 

tpLH Propagation Delay 
2.0 5.5 9.5 2.0 10.5 ns 5.0 2-0 

CLR to On 

*Voltage Range 5.0 is 5.0V ±0.5V 
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AC Operating Requirements: see section 2 for Waveforms 

74ACT 54ACT 74ACT 

TA= +25°C 
TA= -ss·c TA= -40°c 

Symbol Parameter 
CL= 50pF 

to+ 12s·c to +as·c 
Units 

Vee• Fig. 
CL= 50pF CL= 50 pf (V) No. 

Typ Guaranteed Minimum 

ls Setup Time, HIGH or LOW 
-0.5 0.5 1.0 ns 5.0 2-9 

Dn to LE 

th Hold Time, HIGH or LOW 
0.5 2.0 2.0 ns 5.0 2-9 

Dn to LE 

tw LE Pulse Width, HIGH 2.0 3.5 3.5 ns 5.0 2-6 

tw PRE Pulse Width, LOW 5.0 8.5 10.0 ns 5.0 2-6 

tw CLR Pulse Width, LOW 5.5 9.5 11.0 ns 5.0 2-6 

tree PRE Recovery Time 0.5 2.0 2.0 ns 5.0 2-9 

tree CLR Recovery Time 0 1.0 1.0 ns 5.0 2-9 

•voltage Range 5.0 is 5.0V ±0.5V 

Capacitance 

Symbol Parameter 
54/74ACT 

Units Conditions 
Typ 

C1N Input Capacitance 4.5 pF Vee= 5.0V 

Cpo Power Dissipation 
44 pF Vee= 5.ov 

Capacitance 
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co .... 
0 .... ~National 
~Semiconductor 

54ACT/74ACT1016 
16 x 16 Parallel Multiplier 

General Description 
The 'ACT1016 is a high-speed, low power 16 x 16-bit paral
lel multiplier that is ideally suited for real-time digital signal 
processing applications. Fabricated using advanced 
FACTTM technology, the 'ACT1016 offers a very low power 
alternative and exceptional performance. 

The 'ACT1016 is a pin and functional replacement for 
TRW's MPY016H; the 'ACT1016 operates from a single 
Vee supply and is compatible with standard TTL logic lev
els. 

The architecture of the 'ACT1016 features one 16-bit port 
dedicated to the X input registers (controlled by CLKX), one 
16-bit 1/0 port used for loading the Y input registers (con
trolled by CLKY) and for displaying the Least Significant 
Product (LSP), and one 16-bit output port multiplexed be
tween displaying the Least Significant Product (LSP) and 
the Most Significant Product (MSP). The 1/0 port direction is 
controlled by OEL and the output port TRI-STATE® control 
is controlled by OEP. The result is registered if FT is LOW 
(controlled by CLKL for the LSP and CLKM for the MSP) 
and unregistered if FT is held HIGH. 

Twos complement, unsigned magnitude and mixed mode 
multiplications are possible through the two's complement X 

Ordering Code: see Section 5 

Logic Symbol 
16 

X15 - Xo Y15-Yo CLKX CLKY CLKM CLKL 

XM OEL 

YM OEP 

FA RND 

FT 
P31 - P15 P15- Po 

MS PS EL 

16 16 

TL/F/10143-3 

and Y mode controls, XM and YM, respectively. These mode 
controls are registered, controlled by the input clocks CLKX 
and CLKY. 

Result rounding is controlled by the registered RND signal 
(controlled by both CLKX and CLKY). Selection of one of 
the two rounding modes is determined by the FA signal. 

Features 
• 16 x 16 parallel multiplier 
• Selectable rounding modes 
• Twos complement, unsigned magnitude and mixed 

mode multiplication 
• Pin and functionally compatible with TRW MPY016H 
• Provides low voltage, high-speed operation 

• Single Vee supply 
• ± 2ooov ESD protection 
• Outputs source/sink 8 mA 
• TRI-ST ATE outputs 
• 'ACT1016 has TTL-compatible inputs 

Pin Names Description 

X15-Xo Multiplicand Data Inputs 

Y15-Yo Multiplier Data Inputs 
CLKX,CLKY Input Clocks 
CLKM Input Clock, MSP 
CLKL Input Clock, LSP 

XM,YM Mode Control Inputs 
FA Format Adjust Control 
FT Format Transparent Control 
OEL TRI-STATE Enable, LSP Routing 
OEP TRI-STATE Enable, Product 

Output Port 
RND Round Control, MSP 
MSPSEL MSPSelect 

P31-P1s MSPOutputs 

P15-Po LSPOutputs 
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Connection Diagrams 

Pin Assignment 
for DIP 

X4 64 x5 
x3 2 63 x6 
X2 3 62 X7 
x, 4 61 x8 

Xo 5 60 Xg 

OEL 59 x10 
CLKL 7 58 x,, 
CLKY 8 57 X12 

Po, Yo 56 x13 
P1, Y1 10 55 x14 
P2, Y2 11 54 x15 
P3, Y3 12 53 CLKX 

P4, Y4 13 52 RND 

P5, Y5 14 51 X1.1 

P6, Y6 15 50 Yt.t 

P7, Y7 16 49 +Vee 
P8, Y8 17 48 +Vee 
Pg. Yg 18 47 GND 

P10, Y10 19 46 GND 

P11• Y11 20 45 MSPSEL 

P12, Y12 21 44 FT 

P13• Y13 22 43 FA 

P14, Y14 23 42 OEP 

P1s• Y15 24 41 CLKM 

P0,P16 25 40 P31,P15 

P1, P17 26 39 P30• P14 

P7,P1R 27 38 P29, P13 

P3,P1g 28 37 Pzs• P12 

P4,P2o 29 36 P27, P11 
P5,P21 30 35 P26, P10 
P5,P22 31 34 P25, Pg 

P7,P23 32 33 P24, P8 

TL/F/10143-1 

P1s• Y15 

P14• Y14 

P13• Y13 
P12• Y12 
P11• Y11 
P10, Y10 

Pg. Yg 

Ps, Ys 

P7, Y7 

P5. Ys 
P5, Y5 
P4, Y4 

P3, Y3 

P2, Yz 
P1, Y1 
Po, Yo 

NC 

Pin Assignment 
forPCC 

26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 

44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 
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9 NC 

8 CLKM 

7 OEP 
6 FA 
5 FT 
4 MSPSEL 
3 GND 
2 GND 

1 +Vee 
68 +Vee 
67 Yt.t 
66 X1.1 
65 RND 
64 CLKX 
63 x15 
62 x14 
61 x13 

TL/F/10143-2 

..... 
0 ..... 
0) 



CD ..... 
0 ..... Logic Diagram 

CLK X --+-------' 
CLK Y --+---4t-------t---+--t---' 

F'A --------.. 

MULTIPLIER 
ARRAY 

FORMAT ADJUST 

MSP 
REGISTER 

LSP 
REGISTER 

CLK M ----------"" 

CLK L ------------+-----' 

MSPSEL -------_.. MULTIPLIER 

OEP -------------~ 

16 

M---+--F'T 

TL/F/10143-4 

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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BINARY POINT 

X15 X14 X13 X12 X11 X10 Xg Xa X7 Xs Xs X4 Xa X2 X1 Xo Signal 

-20 2-1 2-2 2-a 2-4 2-s 2-e 2-12-a2-g 2-10 2-11 2-12 2-1a 2-14 2-15 Digit Value 

X Y15 Y14 Y1a Y12 Y11 Y10 Yg Ya Y7 Ys Vs Y4 Ya Y2 Y1 Yo Signal 

-20 2-12-22-a 2-4 2-5 2-e 2-12-a2-g 2-10 2-112-122-1a 2-14 2-15 Digit Value 

Pa1 Pao P2g P2a P21 P25 P25 P24 P23 P22 P21 P20 P19 P1a P17 P15 P15 P14 P13 P12 P11 P10 Pg Pa P7 Pe Ps P4 P3 P2 P1 Po Signal 

-20 2-12-22-a 2-4 2-5 2-e 2-12-a2-g 2-10 2-112-122-13 2-•4 2-15 -20 2-1e 2-112-1a2-1g 2-20 2-212-222-23 2-24 2-25 2-2e 2-212-2a 2-2g 2-ao Digit Value IFA = ol 
MSP LSP 

P31 Pao P2g P29 P21 P2e P25 P24 P23 P22 P21 P20 P19 P19 P11 P13 P15 P14 P13 P12 P11 P10 Pg Pa P7 Pe Ps P4 P3 P2 P1 Po Signal 

-21 20 2-12-22-3 2-4 2-s 2-e 2-12-a2-g 2-10 2-11 2-12 2-13 2-14 2-15 2-1e 2-11 2-1a 2-1g 2-20 2-21 2-22 2-23 2-24 2-2s 2-26 2-21 2-2a 2-2g 2-ao Digit Value 

MSP LSP 

FIGURE 1. Fractional Twos Complement Notation 

BINARY POINT 

X15 X14 X13 X12 X11 X10 Xg Xa X7 Xe Xs X4 X3 X2 X1 Xo Signal 

2-12-22-a 2-4 2-s 2-e 2-12-a 2-g 2-10 2-112-122-13 2-14 2-1s 2-1e Digit Value 

X Y1s Y14 Y13 Y12 Y11 Y10 Yg Ya Y7 Ye Ys Y4 Ya Y2 Y1 Yo Signal 

2-12-22-3 2-4 2-s 2-e 2-12-s 2-g 2-10 2-112-122-13 2-14 2-15 2-1e Digit Value 

P31 Pao P2g P2a P21 P2e P2s P24 P23 P22 P21 P20 P19 P19 P17 P15 P15 P14 P13 P12 P11 P10 P9 Pa P7 Pe Ps P4 P3 P2 P1 Po Signal 

IFA= 11 

2-1 2-2 2-3 2-4 2-s 2-e 2-1 2-a 2-g 2-10 2-11 2-12 2-13 2-14 2-15 2-1e 2-11 2-1a 2-1g 2-20 2-21 2-22 2-23 2-24 2-25 2-2e 2-21 2-2a 2-2g 2-ao 2-a1 2-32 Digit Value jFA = 11 

MSP LSP Mandatory 

FIGURE 2. Fractional Unsigned Magnitude Notation 

•in this format an overflow occurs in the attempted multiplication of the two complement number 1000 ... O with 1000.00 yielding an erroneous product of -1 in the fraction case and - 230 in the integer case. 

gioi 

Iii 



I 
~ 

~ 
C) 

BINARY POINT 

X15 X14 X13 X12 X11 X10 Xg Xa X7 X5 X5 X4 X3 X2 X1 Xo Signal 
(Twos Complement) 

-20 2-12-22-3 2-4 2-5 2-6 2-12-a 2-g 2-10 2-112-122-13 2-14 2-15 Digit Value 

Y15 Y14 Y13 Y12 Y11 Y10 Yg Ya Y7 Y5 Y5 Y4 Y3 Y2 Y1 Yo Signal 
X (Unsigned Magnitude) 

2-1 2-2 2-3 2-4 2-5 2-6 2-1 2-a 2-g 2-10 2-11 2-12 2-13 2-14 2-15 2-16 Digit Value 

P31 P30 P2g P2a P27 P25 P25 P24 P23 P22 P21 P20 P19 P15 P17 P15 P15 P14 P13 P12 P11 P10 Pg 

1016 

Pa P7 P5 P5 P4 P3 P2 P1 Po Signal 

-20 2-1 2-2 2-3 2-4 2-5 2-6 2-1 2-a 2-g 2-10 2-11 2-12 2-13 2-14 2-15 2-16 2-17 2-1a 2-1g 2-20 2-21 2-22 2-23 2-24 2-25 2-26 2-212-282-2g 2-30 2-31 Digit Value IFA = 11 
MSP LSP Mandatory 

FIGURE 3. Fractional Mixed Mode Notation 

BINARY POINT 

• 

X15 X14 X13 X12 X11 X10 Xg Xa X7 X5 X5 X4 X3 X2 X1 Xo Signal 

-215 214 213 212 211 210 2g 2a 21 26 25 24 23 22 21 20 Digit Value 

x Y15 Y14 Y13 Y12 Y11 Y10 Yg Ya Y7 Y5 Y5 Y4 Y3 Y2 Y1 Yo Signal 

-215 214 213 212 211 210 2g 2a 27 26 25 24 23 22 21 20 Digit Value 

P31 P30 P2g P2a P27 P25 P25 P24 P23 P22 P21 P20 P19 P15 P17 P15 P15 P14 P13 P12 P11 P10 Pg Pa P7 P5 P5 P4 P3 P2 P1 Po Signal 

-230 22g 22a 221 22s 225 224 223 222 221 220 21g 21a 211 216 215 -230 214 213 212 211 210 2g 2a 27 26 25 24 23 22 21 20 Digit Value I FA = 0 I 
MSP LSP 

P31 P30 P29 P2a P27 P25 P25 P24 P23 P22 P21 P20 P19 P15 P17 P15 P15 P14 P13 P12 P11 P10 Pg Pa P7 P5 P5 P4 P3 P2 P1 Po Signal 

-231 230 22g 228 221 226 225 224 223 222 221 220 21g 21a 211 216 215 214 213 212 211 210 2g 2a 27 26 25 24 23 22 21 20 Digit Value I FA = 1 I 
MSP LSP 

FIGURE 4. Integer Twos Complement Notation 
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BINARY POINT 

.• 
X15 X14 X1a X12 X11 X10 Xg Xa X7 Xs X5 X4 Xa X2 X1 Xo Signal 

215 214 21a 212 211 210 29 2a 21 2a 25 24 23 22 21 2D DigitValue 

X Y15 Y14 Y1a Y12 Y11 Y10 Yg Ya Y7 Ya Y5 Y4 Y3 Y2 Y1 Yo Signal 

215 214 213 212 211 210 29 2s 21 2a 25 24 23 22 21 20 Digit Value 

Pa1 P30 P29 P26 P21 P2a P25 P24 P2a P22 P21 P20 P19 P1s I P17 P15 P15 P14 P13 P12 P11 P10 P9 P6 P7 Pa P5 P4 P3 P2 P1 Po Signal 

2a1 2ao 229 22s 221 22a 225 224 223 222 221 220 219 21s 211 21a 215 214 21a 212 211 210 29 2s 21 2a 25 24 23 22 21 20 Digit Value I FA= 1 I 
MSP LSP 

FIGURE 5. Integer Unsigned Magnitude Notation 

Mandatory 

BINARY POINT 

x 

X15 X14 X13 X12 X11 X10 Xg Xs X7 Xs X5 ~ X3 X2 X1 Xo 
-215 214 213 212 211 210 29 26 27 2a 25 24 23 22 21 20 

Y15 Y14 Y1a Y12 Y11 Y10 Yg Ya Y7 Ys Y5 Y4 Ya Y2 Y1 Yo 

215 214 21a 212 211 210 29 2s 21 2a 25 24 2a 22 21 20 

• 
Signal 
(Two's Complement) 
Digit Value 

Signal 
(Unsigned Magnitude) 
Digit Value 

Pa1 Pao P29 P26 P27 P26 P2s P24 P2a P22 P21 P20 P19 P1s P17 P15 P15 P14 P13 P12 P11 P10 Pg Pa P7 Pa P5 P4 Pa P2 P1 Po Signal 

-2a1 230 229 22s 221 22a 22s 224 22a 222 221 220 219 21a 211 ~1a 21s 214 21a 212 211 210 29 2s 21 2s 2s 24 2a 22 21 20 Digit Value I~ J 
MSP LSP 

FIC:iURE 6. Integer Mixed Mode Notation 

Mandatory 

• 1n this format an overflow occurs in the attempted multiplication of the two's complement number 1000 ... O with 1000.00 yielding an erroneous product of -1 in the fraction case and - 230 in the integer case. 

II 
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<O ..... 
0 ..... Signal Descriptions 

Inputs 

XrN (X15-Xo) 
Sixteen multiplicand data inputs. 

YrN (Y15-Yo) 
Sixteen multiplier data inputs. This is also an output port for 
P15-Po. 

Input Clocks 

CLKX 

The rising edge of this clock loads the X15-Xo data input 
register along with the X mode and round registers. 

CLKY 

The rising edge of this clock loads the Y15-Yo data input 
register along with the Y mode and round registers. 

CLKM 

The rising edge of this clock loads the Most Significant 
Product (MSP) register. 

CLKL 

The rising edge of this clock loads the Least Significant 
Product (LSP) register. 

Controls 

XM, YM 
Mode control inputs for each data word. A LOW input desig
nates an unsigned data input, and a HIGH input designates 
twos complement. 

FA 

When the Format Adjust (FA) Control is HIGH, a full 32-bit 
product is selected. When this control is LOW, a left-shifted 
31-bit product is selected with the sign bit replicated in the 
Least Significant Product (LSP). This control is normally 
HIGH except for certain fractional twos complement appli
cations (see multiplier input/output formats). 

FT 
When the Format Transparent (FT) Control is HIGH, both 
the MSP and LSP registers are transparent. 
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OEL 

The OEL input is the TRI-STATE enable for routing LSP 
through YrN/LSPour port. 

OEP 

The OEP is the TRI-STATE enable for the product output 
port. 

RND 

The Round control is used for the rounding of the MSP. 
When this control is HIGH, A '1' is added to the Most Signifi
cant Bit (MSB) of the LSP. Note that this bit depends on the 
state of the format adjust (FA) control. 

If FA is LOW when RND is HIGH, a '1' will be added to the 
2-16 bit (P14). If FA is HIGH when RND is HIGH, a '1' will 
be added to the 2-15 bit (P15). In either case, the LSP 
output will reflect this addition when RND is HIGH. 

Note also that rounding always occurs in the positive direc
tion which may introduce a systematic bias. The RND input 
is registered and clocked in at the rising edge of the logical 
OR of both CLKX and CLKY. 

MPS EL 

When MPSEL is LOW, the Most Significant Product (MSP) 
is selected. When HIGH, the Least Significant Product (LSP) 
is available at the product output port. 

Outputs 

MSP (P31-Prn) 

The MSP is the Most Significant Product output. 

LSP (P15-Po) 

The LSP is the Least Significant Product output. 

Y15-o/LSPour (Y15-Yo or P15-Po) 
This is the Least Significant Product (LSP) output available 
when OEL is LOW. It is also an input port for Y15-Yo. 



Absolute Maximum Ratings* 
Supply Voltage (Vee) 

DC Input Diode Current (l1K) 
V1 = 0.5 
V1 =Vee+ o.5 

DC Input Voltage (Vi) 

DC Output Diode Current (loK) 
Vo= 0.5V 
Vo = Vee + 0.5V 

DC Input Voltage (Vo) 

DC Output Source or Sink 
Current; per Output Pin 

DC Vee or Ground Current 
per Output Pin (Ice) or (IGND) 

Storage Temperature (T srn) 

-0.5V to+ 7.0V 

-20mA 
+20mA 

-0.5VtoVcc + 0.5V 

-20mA 
+20mA 

-0.5V to Vee+ 0.5V 

±15mA 

±20mA 

- 65°C to + 150°C 
•Absolute maximum ratings are those values beyond which damage to the 
device may occur. Functional operation under these conditions is not im
plied. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

(Unless Otherwise Specified) 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74ACT 
54ACT 

Maximum Slew Rate (Sr) 
(except for Schmitt Inputs) 
V1N 
Vmeas 
Vcc ® 4.5V 
Vee® 5.5V 

4.5Vto 5.5V 

OVtoVcc 

OVtoVcc 

- 40°C to + 85°C 
- 55°C to + 125°C 

0.8Vto2.0V 
0.8Vto 2.0V 

10 ns 
8 ns 

DC Characteristics over Operating Temperature Range (unless otherwise specified> 

Symbol Parameter 
74ACT 74ACT 

Typ Guaranteed Limit 

l1N Maximum Input 
±0.1 ±1.0 

Leakage Current 

loz Maximum TRI-ST ATE Current ±0.5 ±5.0 

lcca Supply Current, Quiescent 
0.5 2.0 10.0 

lcco Supply Current, 12.4 MHz Loaded 
300 325 

lcco Supply Current, 20 MHz Loaded 
325 350 

VoH• Minimum HIGH Level Output 4.49 4.4 4.4 

5.49 5.4 5.4 

3.86 3.76 

4.86 4.76 

VoL* Maximum HIGH Level Output 0.001 0.1 0.1 

0.001 0.1 0.1 

0.45 0.50 

0.45 0.50 

loLD Minimum Dynamic Output Current 32 

loHD Minimum Dynamic Output Current -32 

lccT Maximum Ice/Input 0.6 1.5 

Note 1: Test Load 50 pF, 500n to Ground. 

Note 2: Only one output loaded at one time, maximum duration of test 2 ms. 

•All outputs loaded. 
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Units Conditions 

µA 
Vee = Max, V1N = Vee. GND 

µA High Z, Vee = Max, VouT = Vee. GND 

mA 
Vee= Max, V1N = ov 
TSL, TSM, TSX = Max 

mA 
Vee= Max, f = 12.4 MHz 
Test Load: See Note 1 

mA 
Vee = Max, f = 20 MHz 
Test Load: See Note 1 

v V1N = V1L orV1H. louT = -50 µA, Vee= 4.5V 

V1N - V1L vi V1H• lour = . 50 µA.Vee - 5.5V 

v loH = -8 mA, Vee= 4.5V 

B loH = -8 mA, Vee= 5.5V 

v V1N = V1L or VIH· louT = 50 µA, Vee = 4.5V 

v V1N = V1L or VIH· louT = 50 µA, Vee = 5.5V 

v loL = 8 mA, Vee= 4.5V 

B loL = 8 mA, Vee= 5.5V 

mA Vee = 5.5V, VoLD = 2.2V Max (Note 2) 

mA Vee = 5.5V, VoHD = 3.3V Min (Note 2) 

mA V1N =Vee - 2.1V 

...... 
0 ...... 
O> 



co ,... 
Q AC Characteristics ,... 

74ACT. 

Symbol Parameter 
TA= -40°C to +85°C 

Units 
Fig. 

1016-65 1016-55 No. 

Min Max Min Max 

tMuC Unclocked Multiply Time 80.0 65.0 ns 2-3, .9 

tMc Clocked Multiply Time 65.0 55.0 ns 2·3, -9, -10 

tposEL MSPSEL to Product Out 1.5 13.0 1.5 13.0 ns 2-3, .9 

tpop Output Clock to P 1.5 20.0 1.5 20.0 ns 2-3, -9 

tpoy Output Clock to Y 1.5 20.0 1.5 20.0 ns 2-3, .9 

tENA TRI-STATE Enable Time (Note 2) 1.5 10.0 1.5 10.0 ns 2-3,-8 

to1s TRI-STATE Disable Time (Note 2) 1.5 12.5 1.5 12.5 ns 2-3, -8 

tHCL Clock LOW Hold Time CLKXY 
0 0 2-3, -9, -10 

Relative to CLKML (Note 1) 
ns 

ts Setup Time X, Y, RND 5.5 5.5 ns 2-3, -7, -9 

th Hold Time X, Y, RND 1.0 1.0 ns 2-3,-7, -9 

tw Clock Pulse Width HIGH or LOW 3.5 3.5 ns 2-3,-9 

Note 1: To ensure that the correct product is entered in the output registers, new data may not be entered into the registers before the output registers have been 
clocked. 

Note 2: Transition is measured to ± 500 mV from steady state voltage with loading specified in Figure 2-3. 

Capacitance 
Symbol Parameter Max Units Conditions 

C1N Input Capacitance 7.0 pF V1N = OV 

CouT Output Capacitance 5.0 pF VouT = ov 

Timing Diagrams 

I~~ ~ .. ,J«ell ~V 
CLOCK ----- 3V 
INPUT ---- 1.5V 

~~~~~-J~~~~~~ov 

TL/F/10143-5 

Note: Diagram shown for HIGH data only. Output transition may be opposite sense. 

FIGURE 7. Setup and Hold Time 

TRI-STATE -{_ \ 
CONTROL 

l-
tms=i tENA 

OUTPUT '1_ HIGH IMPEDANCE 
TRI-STATE _fiJo-_.....,,_...., ____ "' 

-

TL/F/10143-6 

FIGURE 8. TRI-ST ATE Control Timing Diagram 
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Timing Diagrams (Continued) 

CLK 

~1·----tw-----------tw---~·~1 

~t~ ------' ________ :,-----
·I· 

-------t1.1c-------~-tpoy 

CLKL 

CLKM 

CLKL -------~--------------"""""' 

1· 

I 
D 
DATA 

TO X, Y 
REGISTERS 

..----------t1.1uc---------.i 

t1.1c 

FIGURE 9. '1016 Timing Diagram 

·1 

I 
0 RECEIVE MSP OR LSP 1 ------

DATA OUTPUT 
TO MSP, LSP 

REGISTERS 

-I rtHCL 

D---0 
DATA INPUT 

TO X, Y 
REGISTERS 

DATA OUTPUT 
TO MSP,LSP 

REGISTERS 

FIGURE 10. Simplified Timing Diagram-Typical Application 
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TL/F/10143-7 

TL/F/10143-8 
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0 ..... 
O> 



0 .,.. .,.. .,.. ~National a Semiconductor 
ADVANCE INFORMATION 

54ACT/74ACT1110 
Single Port 16 x 16 Bit Multiplier/ Accumulator 

General Description 
The 'ACT1110 is pin and functionally compatible with the 
ADSP-1110 from Analog Devices. With a computational 
bandwidth exceeding 12 MHz, the 'ACT111 O is highly 
adapted to applications like digital filters, FFT's, and other 
signal processing applications. Its single bus structure also 
allows for the use of 28-pin DIP packages which significantly 
reduce cost as compared to existing 3-port multipliers. 

All inputs to and outputs from the device pass through its 
single 16-bit 110 port. An internal pipeline register enables a 
new input to be loaded as the previous multiply/accumulate 
instruction is executed. A 6-bit microcoded word controls 
the device with 1/0 and MAC instructions. Data inputs to the 
'ACT1110 can be 2's complement or unsigned magnitude 
numbers. 

A multiply or MAC operation requires two cycles to com
plete. Multiplier products are accumulated in a 40-bit Multi
plier Result Register. Overflow from the lower 32 bits of this 
register into the upper 8 extended bits can be monitored 
externally. The outputs can be saturated to full scale upon 
overflow. Two round control inputs implement rounding con
sistent with output formatting. 

Connection Diagram 

The device also offers the capability to left-shift the Multipli
er Result Register upon output. This flexibility allows full 
32-bit precision in 2's complement multiply. It also provides 
a means for maximizing resolution when using block floating 
point, and when upscaling or downscaling 2's complement 
results. 

Features 
• 16 x 16 Single port multiplier/accumulator 
• High speed-computational bandwidth exceeding 

12 MHz 
• Selectable accumulation, subtraction, rounding and pre

loading with a 35-bit result 
• Pin and functionally compatible with the analog devices 

ADSP-1110 high drive (8 mA) output capability 
• Low power consumption (less than 250 mW typical)

less than 7% of the power of compatible bipolar and 
14% of the power of NMOS designs 

• Inputs and outputs directly TTL-compatible 
• Single Vee supply , 
• ± 2000V ESD protection 

Pin Assignment 
for DIP, Flatpak and SOIC 

RND15 1 28 Yoo 
RND1.JSLE 2 27 D15 

014 3 26 D13 

D12 4 25 D11 

D10 5 24 Dg 

Ds 6 23 ~ 
D5 7 22 D5 

D4 8 21 D3 

D2 9 20 D1 

Do 10 19 OVF' 

lo 11 18 15 

11 12 17 14 

12 13 16 13 

GND 14 15 CLK 

TL/F/10142-1 
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~--------------------------------------~---~~---, ..... 
Logic Diagram 

1 
,.------~~~ INPUT REGISTER 

DEH "L ~ 

RND1"'SLE ~ 

RN: - r r;~~ _..._J.~~ ~ ~ 
~Um~~ 8 lrS 

1-t-~ 
'---

...----
Ot-t-+-HI-++------' 
lt-t-t--t-t-+-+------' 

XEN t-t-+-t-1-++-------' 
ITNt-t-+-Hl-++------._.T-t 
TCt-t-+-t-1-++-------T-t 

NEG t-t-+-t-1-++-------T-t 
ACt-t-+-t-1-++-------T-t 

SUB ___ ,_._+--------t-t 
TCX 1--1-1-.+-!~.f-------+-I 
TCY 1--1-1-.+-!~.f-------+-I 

..... 
0 

~ 
8 

t-...... +-IAC 
t----tSUB 
t-----tTCX 
t-----tTCY 

t 

ACCUMULATOR ACC t---' 
1--

--"'----- ~ ..... REG Lt---+---+rL.¢....J-1 1----1 .. R_N_o _x ... rP__ PROD 
l;j L§J t-----tFA 

lo-ls~v - ~ a ! ~ '-+--+-11-------+----. l IE It.I IL 

p~1-----11-------+-----+-l1-~t-t-+-----_-_ .... _~~t>1E ~ ~~·;.~ ~ 

:J 

SEM ----+----. 
s~~ '-----1----1--J ~ J ~ _). 

L / / 

E----+-. 

~ l 
Il 

J 
"-+-----t] SHIFT-LEFT LOGIC 

~ e:E ~ ~WAAOOHL~~ 
" ..... 0 11 I l 

ovr ~...___OE ----+~-M ~-OL _____. -
TL/F/10142-2 
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~National 
~Semiconductor 

54AC/7 4AC2708•54ACT /7 4ACT2708 
64 x 9 First-In, First-Out Memory 

General Description 
The 'AC/' ACT2708 is an expandable first-in, first-out memo
ry organized as 64 words by 9 bits. An 85 MHz shift-in and 
60 MHz shift-out typical data rate makes it ideal for high
speed applications. It uses a dual port RAM architecture 
with pointer logic to achieve the high speed with negligible 
fall-through time. 

• Expandable in word width only 
• ACT2708 has TTL-compatible inputs 
• Asynchronous or synchronous operation 
• Asynchronous master reset 
• Outputs source/sink 8 mA 
• TRI-STATE outputs 
• Full ESD protection 

Separate Shift-In (SI) and Shift-Out (SO) clocks control the 
use of synchronous or asynchronous write or· read. Other 
controls include a Master Reset (MR) and Output Enable 
(OE) for initializing the internal registers and allowing the 
data outputs to be TRI-STATE®. Input Ready (IA) and Out
put Ready (OR) signal when the FIFO is ready for 1/0 oper
ations. The status flags HF and FULL indicate when the 
FIFO is full, empty or half full. 

• Input and output pins directly in line for easy board 
layout 

The FIFO can be expanded to provide different word 
lengths by trying off unused data inputs. 

Features 
• 64-words by 9-bit dual port RAM organization 
• 85 MHz shift-in, 60 MHz shift-out data rate, typical 

Ordering Code: see sections 

Logic Symbol· 

• TRW 1030 work-alike operation 

Applications 
• High-speed disk or tape controllers 
• AID output buffers 
• High-speed graphics pixel buffer 
• Video time base correction 
• Digital filtering 

Pin Assignment Pin Assignment 
for DIP and Flatpak for LCC and PCC 

D5 Ds D4 D3 D2 D1 Do 
ruLL 1 28 Vee [i][QJ[I]IIJ!Ill!ll]] 

Hf' 27 MR 
IR 26 so O.,lill [!]SI 

SI 4 25 OR D5 Ii] rn1R 

TL/F/10144-1 Do 5 24 Oo 
GND~ [i]Hf" 

OE!i]] OJ FULL 
D1 23 01 Os [j] ~Vee 
Dz 22 Oz 07 Ii] Ill! MR 

Pin Names Description D3 21 03 05 li]J ~so 

D4 9 20 04 

Do-Da Data Inputs 
MR Master Reset 

Ds 10 19 05 li]]~~lll]IDJ~~ 

D5 11 18 05 
04 05 03 Oz 01 00 OR 

OE Output Enable Input 0., 12 17 07 
TL/F/10144-3 

SI Shift-In Dg 13 16 Og 

so Shift-Out GND 14 15 5E 

IA Input Ready 
OR Output Ready 

TL/F/10144-2 

HF Half Full Flag 
FULL Full Flag 

Oo-Oa Data Outputs 
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Block Diagram 

SI SO MR 

IR 
CONTROL 

LOGIC 

OR 

FLAG LOGIC 

HF FULL 
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~ Functional Description 

INPUTS 

Data Inputs (Do-Ds) 

Data inputs for 9-bit wide data are TTL-compatible. Word 
width can be reduced by trying unused inputs to ground and 
leaving the corresponding outputs open. 

Reset(MR) 

Reset is accomplished by pulsing the MR input LOW. During 
normal operation MR is HIGH. A reset is required after pow
er up to guarantee correct operation. On reset, the data 
outputs go LOW, IA goes HIGH, OR goes LOW, FH and 
FULL go LOW. During reset, both internal read and write 
pointers are set to the first location in the array. 

Shift-In (SI) 

Data is written into the FIFO by pulsing SI HIGH. When 
Shift-in goes HIGH, the data is loaded into an internal data 
latch. Data setup and hold times need to be adhered to with 
respect to the falling edge of SI. The write cycle is complete 
after the falling edge of SI. The shift-in is independent of any 
ongoing shift-out operation. After the first word has been 
written into the FIFO, the falling edge of SI makes HF go 
HIGH, indicating a non-empty FIFO. The first data word ap
pears at the output after the falling edge of SI. After half the 
memory is filled, the next rising edge of SI makes FULL go 
HIGH indicating a half-full FIFO. When the FIFO is full, any 
further shift-ins are disabled. 

When the FIFO is empty and OE is LOW, the falling edge of 
the first SI will cause the first data word just shifted-in to 
appear at the output, even though SO may be LOW. 

Shift-Out (SO) 

Data is read from the FIFO by the Shift-Out signal provided 
the FIFO is not empty. SO going HIGH causes OR to go 
LOW indicating that output stage is busy. On the falling 
edge of SO, new data reaches the output after propagation 
delay to. If the last data has been shifted-out of the memory, 
OR continues to remain LOW, and the last word shifted-out 
remains on the output pins. 

Output Enable (OE) 

OE LOW enables the TRI-STATE output buffers. When OE 
is HIGH, the outputs are in a TRI-STATE mode. 

OUTPUTS 

Data Outputs (Oo-Os) 

Data outputs are enabled when OE is LOW and in the TRI
STATE condition when OE is HIGH. 

Input Ready (IR) 

IA HIGH indicates data can be shifted-in. When SI goes 
HIGH, IA goes LOW, indicating input stage is busy. IA stays 
LOW when the FIFO is full and goes HIGH after the falling 
edge of the first shift-out. 
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Output Ready (OR) 

OR HIGH indicates data can be shifted-out from the FIFO. 
When SO goes HIGH, OR goes LOW, indicating output 
stage is busy. OR is LOW when the FIFO is reset or empty 
and goes HIGH after the falling edge of the first shift-in. 

Half·Full (HF) 

This status flag along with the FULL status flag indicates the 
degree of fullness of the FIFO. On reset, HF is LOW; it rises 
on the failing edge of the first SI. The rising edge of the SI 
pulse that fills up the FIFO makes HF go LOW. Going from 
the empty to the full state with SO LOW, the falling edge of 
the first SI causes HF to go HIGH, the rising edge of the 
33rd SI causes FULL to go HIGH, and the rising edge of the 
64th SI causes HF to go LOW. 

When the FIFO is full, HF is LOW and the falling edge of the 
first shift-out causes HF to go HIGH indicating a "non-full" 
FIFO. 

Full Flag (FULL) 

This status flag along with the HF status flag indicates the 
degree of fullness of the FIFO. On reset, FULL is LOW. 
When half the memory is filled, on the rising edge of the 
next SI, the FULL flag goes HIGH. It remains set until the 
difference between the write pointer and the read pointer is 
less than or equal to one-half of the total memory of the 
device. The FULL flag then goes LOW on the rising edge of 
the next SO. 

Status Flags Truth Table 

HF FULL 

L L 
L H 
H L 
H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

Status Flag Condition 

Empty 
Full 
<32 Locations Filled 
2 32 Locations Filled 

Reset Truth Table 

Inputs 

MR SI so 
H x x 
L x x 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

IR 

x 
H 

Outputs 

OR HF FULL Oo-08 

x x x x 
L L L L 



Functional Description (Continued) 

MODES OF OPERATION 

Mode 1: Shift In Sequence for FIFO Empty to Full 

Sequence of Operation 

1. Input Ready is initially HIGH; HF and FULL flags are 
LOW. The FIFO is empty and prepared for valid data. OR 
is LOW indicating that the FIFO is not yet ready to output 
data. 

2. Shift-In is set HIGH, and data is loaded into the FIFO. 
Data has to be settled t5 before the falling edge of SI and 
held th after. 

3. Input Ready (IA) goes LOW propagation delay t1R after SI 
goes HIGH: input stage is busy. 

1st PULSE 

Note: SO and OE are LOW; MR is HIGH. 

4. Shift-In is set LOW; IR goes HIGH indicating the FIFO is 
ready for additional data. Data just shifted-in arrives at 
output propagation delay toos after SI falls. OR goes 
HIGH propagation delay t10R after SI goes LOW, indicat
ing the FIFO has valid data on its outputs. HF goes HIGH 
propagation delay t1E after SI falls, indicating the FIFO is 
no longer empty. 

5. The process is repeated through the 64th data word. On 
the rising edge of the 33rd SI, FULL flag goes HIGH prop
agation delay t1HF after SI, indicating a half-full FIFO. HF 
goes LOW propagation delay t1F after the rising edge of 
the 64th pulse indicating that the FIFO is full. Any further 
shift-ins are disabled. 

33rd PULSE 64th PULSE 

TL/F/10144-5 

FIGURE 1. Modes of Operation Mode 1 
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Functional Description (Continued) 

Mode 2: Master Reset 
Sequence of Operation 
1. Input and Output Ready, HF and FULL can be in any 

state before the reset sequence with Master Reset (MR) 
HIGH. 

2. Master Reset goes LOW and clears the FIFO, setting up 
all essential internal states. Master Reset must be LOW 
pulse width tMRW before rising again. 

3. Master Reset rises. 

4. IR rises (if not HIGH already) to indicate ready to write 
state recovery time tMRIRH after the falling edge of MR. 
Both HF and FULL will go LOW indicating an empty FIFO, 
occurring recovery times tMRE and tMRO respectively af
ter the falling edge of MR. OR falls recovery time tMRORL 
after MR falls. Data at outputs goes LOW recovery time 
tMRONL after MR goes LOW. 

5. Shift-In can be taken HIGH after a minimum recovery 
time tMRSIH after MR goes HIGH. 

s'----------------------1 
TL/F/10144-6 

FIGURE 2. Mode of Operation Mode 2 
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Functional Description (Continued) 

Mode 3: With FIFO Full, Shift-In Is Held HIGH 
In Anticipation of an Empty Location 

Sequence of Operation 

1. The FIFO is initially full and Shift-In goes HIGH. OR is 
initially HIGH. Shift-Out is LOW. IA is LOW. 

2. Shift-Out is pulsed HIGH, Shift-Out pulse propagates and 
the first data word is latched on the rising edge of SO. OR 
falls on this edge. On the falling edge of SO, the second 
data word appears after propagation delay t0 . New data 
is written into the FIFO after SO goes LOW. 

so _______ _, 

SI 

IR ------------------"! 
OR 

Hf' f'ULL 

3. Input Ready goes HIGH one fall-through time, tFT, after 
the falling edge of SO. Also, HF goes HIGH one toF after 
SO falls, indicating that the FIFO is no longer full. 

4. IA returns LOW pulse width t1p after rising and shifting 
new data in. Also, HF returns LOW pulse width t3F after 
rising, indicating the FIFO is once more full. 

5. Shift-In is brought LOW to complete the shift-in process 
and maintain normal operation 

f'ULL 

Do-Ds --------------+-- "----N_EW_DA_T_A ___ __, -----

---------------to}, Oo- Os 1st WORD -"l'------2_n_d_w_o_Ro _____ _ 

TL/F/10144-7 

Note: MR and FULL are HIGH; OE is LOW. 

FIGURE 3. Modes of Operation Mode 3 
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"""" N Functional Description (Continued) 

Mode 4: Shift-Out Sequence, FIFO Full to Empty 
Sequence of Operation 
1. FIFO is initially full and OR is HIGH, indicating valid data 

is at the output. IR is LOW. 

2. SO goes HIGH, resulting in OR going LOW one propaga
tion delay, toR. after SO rises. OR LOW indicates output 
stage is busy. 

3. SO goes LOW, new data reaches output one propagation 
delay, t0 , after SO falls; OR goes HIGH one propagation 
delay, toR• after SO falls and HF rises one propagation 
delay, toF• after SO falls. IR rises one fall-through time, 
tFT, after SO falls. 

4. Repeat process through the 64th SO pulse. FULL flag 
goes LOW one propagation delay, toHF· after the rising 
edge of 33rd SO, indicating that the FIFO is less than half 
full. On the falling edge of the 64th SO, HF goes LOW 
one propagation delay, toE· after SO, indicating the FIFO 
is empty. The SO pulse may rise and fall again with an 
attempt to unload an empty FIFO. This results in no 
change in the data on the outputs as the 64th word stays 
latched. 

FULL ~----------------...;..----
Hr _________ ~~~~r----~;~----------------H----------------~ 

TL/F/10144-8 

Note: SI and OE: are LOW; MR is HIGH; Do-De are immaterial. 

FIGURE 4. Modes of Operation Mode 4 
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Functional Description (Continued) 

Mode 5: With FIFO Empty, Shift-Out Is Held HIGH 
In Anticipation of Data 

Sequence of Operation 

1. FIFO is initially empty; Shift-Out goes HIGH. 

2. Shift-In pulse loads data into the FIFO and IR falls. HF 
rises propagation delay tx1 after the falling edge of SI. 

3. OR rises a fall-through time of tFTo after the falling edge 
of Shift-In, indicating that new data is ready to be output. 

SI 

so 

OR 

IR 

4. Data arrives at output one propagation delay, toos. after 
the falling edge of Shift-In. 

5. OR goes LOW pulse width top after rising and HF goes 
LOW pulse width tx3 after rising, indicating that the FIFO 
is empty once more. 

6. Shift-Out goes LOW, necessary to complete the Shift-Out 
process. 

tFTO 

Do-Da-----------------------<'-__ N_EW __ D_A_TA __ .....,'-________________________ __ 

EMPTY 

tx3 

TL/F/10144-9 

Note: FULL is LOW; MR is HIGH; OE is LOW; tooF = tFTo - too5. Data output transition-valid data arrives at output stage tooF after OR is HIGH. 

FIGURE 5. Modes of Operation Mode 5 
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~ FIFO Expansion 

Word Width Expansion 

Word width can be increased by connecting the corre
sponding input control signals of multiple devices. Flags can 
be monitored to obtain a composite signal by ANDing the 
corresponding flags. 

rULL 1 

rULL 

9 DIN (0-8) __ __,,.._ __ -1 Do-a 
riro1 
64x9 

Oo-a t--...,.._ _ _. DOUT (0-8) 

MR 
SI 

so 

DIN (9-17) 

----1so 

SI 

MR 

MR 

SI 

so 

Do-a 

r1ro2 
64x9 

rULL 

rULL2 

IR IR 1 

OR OR1 

Hr Hr1 

OE 

OE 

OE 

IR IR2 

OR OR2 

Hr Hr2 

Oo-a DOUT(9-17) 

Note: AND the corresponding flags to obtain a composite signal. 

FIGURE 6. Word Width Expanslon-64 x 18 FIFO 
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IR 1 =D- COMPOSITE 
IR2 IR 

OR 1 =D- COMPOSITE 
OR2 OR 

Hr 1 =D- COMPOSITE 
Hr2 · Hr 

rULL 1 =D- COMPOSITE 
ruLL2 f'ULL 

TL/F/10144-10 



Absolute Maximum Ratings (Note 1) 

If Military I Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vee) -0.5V to + 7.0V 

DC Input Diode Current (l1K) 
V1 = -0.5V 
V1 = Vee + 0.5V 

DC Input Voltage (V1) 

DC Output Diode Current (loK) 
Vo= -0.5V 
Vo= Vee+ 0.5V 

DC Output Voltage (Vo) 

DC Output Source or Sink Current (lo) 

DC Vee or Ground Current 
per Output Pin (Ice or IGND) 

Storage Temperature (T sTG) 

-20mA 
+20mA 

-0.5V to Vee+ 0.5V 

-20mA 
+20mA 

-o.sv to Vee+ 0.5V 

±32mA 

±32mA 

-65°C to + 150°C 
Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature, and output/input loading variables. National does not recom
mend operation of FACTTM circuits outside databook specifications. 

Recommended Operating 
Conditions 
Supply Voltage (Vee) 

'AC 
'ACT 

Input Voltage (V1) 

Output Voltage (Vo) 

Operating Temperature (TA) 
74AC/ACT 
54AC/ACT 

Junction Temperature {TJ) 
CDIP 
PDIP 

Input Rise and Fall Time (tr, tt) 
(Note 2) (Typical) 
(Except Schmitt Inputs) 
V1N from 0.8V to 2.0V, Vmeas 
from 0.8V to 2.0V 
Vcc@4.5V 
Vee@ 5.5V 

2.0Vto6.0V 
4.5Vto 5.5V 

ovtoVcc 

OVtoVcc 

- 40°C to + 85°C 
- 55°C to + 125°C 

175°C 
14o·c 

10 ns/V 
8 ns/V 

Note 2: See individual datasheets for those devices which differ from the 
typical input rise and fall times noted here. 

DC Characteristics for 'AC Family Device 
74AC 54AC 74AC 

Symbol Parameter Vee TA= 25°C 
TA= -55°C TA= -40° 

Units Conditions 
{V) to +125°C to +85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 3.0 1.5 2.1 2.1 2.1 Vour = o.1v 
Input Voltage 4.5 2.25 3.15 3.15 3.15 v or Vee -o.1v 

5.5 2.75 3.85 3.85 3.85 

V1L Maximum Low Level 3.0 1.5 0.9 0.9 0.9 Vour = o.1v 
Input Voltage 4.5 2.25 1.35 1.35 1.35 v or Vee -0.1V 

5.5 2.75 1.65 1.65 1.65 

VoH Minimum High Level 3.0 2.99 2.9 2.9 2.9 lour= -50 µA 
Output Voltage 4.5 4.49 4.4 4.4 4.4 v 

5.5 5.49 5.4 5.4 5.4 

*V1N = V1L or V1H 
3.0 2.56 2.4 2.46 -12mA 
4.5 3.86 3.7 3.76 v loH -24mA 
5.5 4.86 4.7 4.76 -24mA 

VoL Maximum Low Level 3.0 0.002 0.1 0.1 0.1 lour= 50 µA 
Output Voltage 4.5 0.001 0.1 0.1 0.1 v 

5.5 0.001 0.1 0.1 0.1 

*V1N = V1L or V1H 
3.0 0.36 0.50 0.44 12mA 
4.5 0.36 0.50 0.44 v loL 24mA 
5.5 0.36 0.50 0.44 24mA 

l1N Maximum Input 
5.5 ±0.1 ±1.0 ±1.0 µA 

V1 = VccGND 
Leakage Current 

loz Maximum TRI-STATE V1(0E) = VIL• V1H 
Leakage Current 5.5 ±0.5 ±10.0 ±5.0 V1 = Vcc.GND 

Vo= Vcc.GND 
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N DC Characteristics for 'AC Family Device (Continued) 

74AC 54AC 74AC 

Symbol Parameter Vee TA= 25°C 
TA= -55°C TA= -40° 

(V) to+ 125°C to +as0 c 
Typ Guaranteed Limits 

ioLD tMinimum Dynamic 5.5 32 32 

loHD 
Output Current 5.5 -32 -32 

Ice Maximum Quiescent 
5.5 8.0 160 80 

Supply Current 

lcco Supply Current 
5.5 125 150 150 

20 MHz Loaded 

•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 20 ms, one output loaded at a time. 
Note: l1N and Ice @ 3.0V are guaranteed to be less than or equal to the respective limit @ S.SV Vee. 

Ice for S4AC @ 2s·c is identical to 7 4AC @ 2s·c. 
Note 4: Test load SO pF, soon to ground. 

DC Electrical Characteristics for 'ACT Family Devices 
54ACT 54ACT 74ACT 

Symbol Parameter Vee TA= 25°C 
TA= -55°C TA= -40° 

(V) to+ 12s0 c to +85°C 

Typ Guaranteed Limits 

V1H Minimum High Level 4.5 1.5 2.0 2.0 2.0 
Input Voltage 5.5 1.5 2.0 2.0 2.0 

V1L Maximum Low Level 4.5 1.5 0.8 0.8 0.8 
Input Voltage 5.5 1.5 0.8 0.8 0.8 

VoH Minimum High Level 4.5 4.49 4.4 4.4 4.4 
5.5 5.49 5.4 5.4 5.4 

4.5 3.86 3.70 3.76 
5.5 4.86 4.70 4.76 

Vol Maximum Low Level 4.5 0.001 0.1 0.1 0.1 
Output Voltage 5.5 0.001 0.1 0.1 0.1 

4.5 0.32 0.40 0.37 
5.5 0.32 0.40 0.37 

l1N Maximum Input 5.5 ±0.1 +1.0 ±1.0 

loz Maximum 
5.5 ±0.5 ±10.0 ±5.0 

TRI-STATE Current 

leer Maximum Ice/Input 5.5 0.6 1.0 1.6 1.5 

IOLD tMaximum Dynamic 5.5 32 32 

IOHD Output Current 5.5 -32 -32 

Ice Maximum Quiescent 
5.5 8.0 160 80 

Supply Current 

lcco Supply Current 
5.5 125 150 150 

20 MHz Loaded 

•All outputs loaded; thresholds on input associated with output under test. 
tMaximum test duration 2.0 ms, one output loaded at a time. 
Notes: Ice limit for S4ACT@ 2s•c is identical to 74ACT@ 2s•c. 

When MR is low with SO High, Ice > 1.S mA. 
Note 4: Test load SO pF, soon to ground. 
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Units Conditions 

mA VoLD = 1.65V Max 

mA VoHD =3.85V Min 

µA 
V1N =Vee 
orGND 

mA 
f = 20 MHz 
(Note4) 

Units Conditions 

v 
VouT = 0.1V 
or Vee -o.1v 

VouT = 0.1V 
or Vee -0.1V 

v 
lour= -50 µA 

*V1N = V1L or V1H 

v loH -8mA 
-8mA 

v 
lour= 50 µA 

*V1N = V1L or V1H 

v loL 8mA 
8mA 

µA V1 = Vcc.GND 

µA 
V1 =VIL• V1H 
Vo= Vcc.GND 

mA V1 =Vee -2.1V 

mA VoLD = 1.65V 

mA VoHD = 3.85V 

µA 
V1N =Vee 
orGND 

mA 
f = 20 MHz 
(Note 4) 



AC Characteristics 
74AC 54AC 74AC 

·vcc TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
Symbol Parameter to+ 125°C to +e5°C Units 

(V) CL= 50 pf 
CL= 50pf CL= 50 pf 

No. 

Min Typ Max Min Max Min Max 

tpLH Propagation Delay, t1R 3.3 2.5 8.5 16.5 2.0 18.5 
2-6 

SltolR 5.0 1.5 5.5 11.5 1.0 12.5 
ns 

tPHL Propagation Delay, t1R 3.3 2.5 7.0 14.0 2.0 16.0 
2-6 

SltolR 5.0 1.5 5.0 10.0 1.0 11.0 
ns 

tpLH Propagation Delay, t1HF 3.3 4.5 12.0 23.5 4.5 27.0 
2-6 

SI to> HF 5.0 3.0 8.0 15.5 3.0 18.0 
ns 

tPHL Propagation Delay, t1F 3.3 5.0 11.5 22.0 5.0 25.0 
2-6 

SI to Full Condition 5.0 3.5 8.0 15.0 3.5 17.0 
ns 

tPLH Propagation Delay, t1E · 3.3 4.5 11.5 23.5 4.5 26.5 
2-6 

SI to Not Empty 5.0 3.0 8.0 15.5 3.0 17.5 
ns 

tPLH Propagation Delay, t10R 3.3 4.5 13.5 30.5 4.5 34.5 
2-6 

SI to OR 5.0 3.0 9.0 20.0 3.0 23.0 
ns 

tPLH Propagation Delay tMRIRH 3.3 3.5 10.5 21.5 3.5 23.5 
2-6 

MRtolR 5.0 2.5 7.5 14.5 2.0 16.0 
ns 

lPHL Propagation Delay, tMRORL 3.3 7.5 18.5 35.5 7.5 41.0 
2-6 

MR to OR 5.0 6.0 12.0 23.0 6.0 26.5 
ns 

tPHL Propagation Delay tMRO 3.3 4.0 9.0 18.0 4.0 21.5 
2-6 

MR to Full Flag 5.0 2.5 6.5 12.5 2.0 15.0 
ns 

tPHL Propagation Delay tMRE 3.3 8.5 20.0 39.5 8.5 44.5 
2-6 

MR to HF Flag 5.0 7.0 13.5 26.0 6.5 29.5 
ns 

tPHL Propagation Delay, tMRONL 3.3 3.5 9.5 19.5 3.5 21.5 
2-6 

MR to On, LOW 5.0 2.0 7.0 14.0 2.0 15.5 
ns 

tw IR Pulse Width, t1p 3.3 17.0 37.5 69.0 17.0 79.5 
2-6 

5.0 15.0 22.0 40.5 14.5 48.0 
ns 

_,_,,_ 

tw HF Pulse Width tsF 3.3 18.0 40.0 71.5 18.0 84.0 
2-6 

5.0 16.0 23.0 42.0 15.5 50.5 
ns 

tPLH Propagation Delay, t0 3.3 7.0 20.5 41.5 7.0 47.5 
2-6 

SO to Data Out 5.0 5.5 13.5 26.0 5.0 31.0 
ns 

tPHL Propagation Delay, t0 3.3 7.0 22.5 43.5 7.0 50.5 
2-6 

SO to Data Out 5.0 5.5 14.5 28.0 5.5 32.5 
ns 

tPHL Propagation Delay, toHF 3.3 4.0 9.0 17.5 4.0 20.5 
2-6 

SO to< HF 5.0 2.5 6.5 12.0 2.0 14.0 
ns 

tPLH Propagation Delay, toF 3.3 5.5 14.5 29.0 5.5 33.0 
2-6 

SO to Not Full 5.0 4.0 10.0 19.0 4.0 22.0 
ns 

lPLH• tpHL Propagation Delay, toR 3.3 3.0 8.5 17.0 3.0 19.5 
2-6 

SO to OR 5.0 2.0 5.5 12.0 1.5 13.0 
ns 

•voltage Range 3.3 is 3.3V ± 0.3V 

•voltage Range 5.0 is 5.0V ± 0.5V 
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AC Characteristics (Continued) 

74AC 54AC 74AC 

·vcc TA= +25°c 
TA= -55°C TA= -40°c 

Fig. 
Symbol Parameter to+ 125•c to +s5°c Units 

(V) CL= 50pF 
CL= 50 pf CL= 50 pf 

No. 

Min Typ Max Min Max Min Max 

tpHL Propagation Delay, toE 3.3 4.0 10.5 20.5 3.5 23.5 
2-6 

SO to Empty 5.0 2.5 7.0 14.0 2.0 16.0 
ns 

tpLH Propagation Delay, taos 3.3 7.5 22.5 44.5 7.0 53.5 
2-6 

SI to New Data Out 5.0 6.0 15.5 30.0 5.5 35.0 
ns 

tpHL Propagation Delay, taos 3.3 7.5 21.5 42.0 7.0 48.5 
2-6 

SI to New Data Out 5.0 6.0 14.5 28.5 5.5 33.0 
ns 

tpLH Propagation Delay, tx1 3.3 4.0 11.5 23.0 3.5 26.0 
2-6 

SI to HF 5.0 2.5 8.0 15.5 2.0 17.5 
ns 

tpLH Fall-Thourgh Time, tFTo 3.3 4.0 15.5 30.5 4.0 34.5 
2-5 

Sito OR 5.0 3.0 10.5 20.0 2.5 23.0 
ns 

tw OR Pulse Width, top 3.3 13.0 23.5 42.0 12.0 48.5 
2-6 

5.0 10.0 13.5 25.5 9.0 29.5 
ns 

tw HF Pulse Width, txs 3.3 15.0 27.0 49.5 14.0 57.0 
2-6 

5.0 12.0 16.0 30.0 11.0 34.5 
ns 

tpLH Fall-Through Time, tFT 3.3 6.5 19.0 37.0 6.0 42.5 
2-5 

SO to IA 5.0 5.0 12.5 24.0 4.5 27.5 
ns 

tpzL Output Enable 3.3 2.5 7.0 14.0 2.0 16.0 
2-8 

OE to On 5.0 1.5 5.0 10.0 1.0 11.0 
ns 

tpLZ Output Disable 3.3 2.0 4.5 9.0 1.5 9.5 
2-8 

OE to On 5.0 1.0 3.5 7.0 1.0 7.5 
ns 

tpzH Output Enable 3.3 2.5 7.5 16.5 2.0 18.5 
2-7 

OE to On 5.0 1.5 5.5 11.5 1.0 13.0 
ns 

tpHz Output Disable 3.3 2.0 6.5 13.0 1.5 13.5 
2-7 

OE to On 5.0 1.0 5.0 10.0 1.0 11.0 
ns 

fs1 Maximum SI 3.3 35.0 30.0 
MHz 2-3 

Clock Frequency 5.0 60.0 50.0 

fso Maximum SO 3.3 25.0 20.0 
MHz 2-3 

Clock Frequency 5.0 45.0 35.0 
•voltage Range 3.3 is 3.3V ± 0.3V 

•voltage Range 5.0 is 5.0V ± 0.5V 
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AC Characteristics (Continued) 

74ACT 54ACT 74ACT 

·vcc TA= +25°C 
TA= -55°C TA= -40°C 

Fig. 
to+ 12s·c to +as·c Units Symbol Parameter 

(V) CL= 50pf No. 
CL= 50pf CL= 50pf 

Min Typ Max Min Max Min Max 

tPLH Propagation Delay, t1R 
5.0 2.0 6.5 11.0 1.5 12.5 ns 2-6 

Sito IA 

tPHL Propagation Delay, t1R 
5.0 2.0 6.5 11.0 1.5 12.0 ns 2-6 

Sito IA 

tpLH Propagation Delay, t1HF 
5.0 4.0 10.5 17.0 4.0 19.5 ns 2-6 

SI to> HF 

tpHL Propagation Delay, t1F 
5.0 4.5 10.5 16.5 4;5 19.5 ns 2-6 

SI to Full Condition 

tpLH Propagation Delay, t1E 
5.0 4.0 10.0 15.5 4.0 17.5 ns 2-6 

SI to Not Empty 

tpLH Propagation Delay, t10R 
5.0 4.0 13.5 16.5 4.0 19.0 ns 2-6 

SI to OR 

tpLH Propagation Delay tMRIRH 
5.0 3.0 8.5 13.5 3.0 15.5 ns 2-6 

MR to IA 

tpHL Propagation Delay, tMRORL 
5.0 7.0 16.5 25.5 7.0 29.0 ns 2-6 

MR to OR 

tpHL Propagation Delay, tMRO 
5.0 3.5 9.0 14.0 3.5 16.0 ns 2-6 

MR to Full Flag 

tpHL Propagation Delay, tMRE 
5.0 8.0 17.5 27.5 8.0 30.5 ns 2-6 

MR to HF Flag 

tPHL Propagation Delay, tMRONL 
5.0 3.0 9.0 15.0 3.0 17.0 ns 2-6 

MR to On, LOW 

tw IA Pulse Width, t1p 5.0 16.5 28.0 43.0 16.5 51.5 ns 2-6 

tw HF Pui:sf;j v'v'iulll, L3F c.o ~7.5 30.0 4S.5 17.5 56.0 n~ 2-6 

tpLH Propagation Delay, to 
5.0 6.5 18.5 27.0 6.5 31.0 ns 2-6 

SO to Data Out 

tPHL Propagation Delay, to 
5.0 6.5 18.5 29.5 6.5 34.5 ns 2-6 

SO to Data Out 

tpHL Propagation Delay, toHF 
5.0 3.5 8.5 13.5 3.5 15.5 ns 2-6 

SO to< HF 

tpLH Propagation Delay, toF 
5.0 5.0 12.5 19.5 5.0 22.0 ns 2-6 

SO to Not Full 

tpLH• tpHL Propagation Delay, toR 
5.0 2.5 7.0 11.5 2.5 13.5 ns 2-6 

SO to OR 

•voltage Range 5.0 is 5.0V ± 0.5V 
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...... 
N AC Characteristics (Continued) 

·vcc 
Symbol Parameter 

(V) 

tpHL Propagation Delay, toE 
5.0 

SO to Empty 

tPLH Propagation Delay, taos 
5.0 

SI to New Data Out 

tpHL Propagation Delay, taos 
5.0 

SI to New Data Out 

tPLH Propagation Delay, tx1 
5.0 

SI to HF 

tPLH Fall-Through Time, tFTo 
5.0 

SI to OR 

tw OR Pulse Width, top 5.0 

tw HF Pulse Width, tx3 5.0 

tpLH Fall-Through Times, tFT 
5.0 

SOtolR 

tpzL Output Enable 
5.0 

OE to On 

tpLz Output Disable 
5.0 

OE to On 

tpzH Output Enable 
5.0 

OE to On 

tpHz Output Disable 
5.0 

OE to On 

fs1 Maximum SI 
5.0 

Clock Frequency 

fso Maximum SO 
5.0 

Clock Frequency 

•voltage Range 5.0 is 5.0V ±0.5V 

74ACT ·· 

TA= +2s0 c 
CL= 50 pf 

Min Typ Max 

3.5 9.5 15.5 

7.0 19.0 30.5 

7.0 19.0 29.5 

3.5 10.0 16.0 

3.5 13.5 21.0 

12.5 17.0 26.0 

14.5 20.5 30.5 

6.0 15.0 23.5 

2.0 6.5 11.0 

1.5 5.0 8.5 

2.0 7.0 12.0 

1.5 7.0 12.0 

55 85 

42 60 

4-338 

54ACT 74ACT 

TA= -ss·c TA= -4o·c 
Fig. 

to+ 12s0 c to +SS°C Units 
No. 

CL= SOpF CL= 50pF 

Min Max Min Max 

3.0 17.5 ns 2-6 

6.0 35.5 ns 2-6 

6.0 34.5 ns 2-6 

2.5 18.0. ns 2-6 

1.5 24.0 ns 2-5 

12.5 30.5 ns 2-6 

14.5 36.5 ns 2-6 

2.5 28.0 ns 2-5 

1.5 12.0 ns 2-8 

1.5 9.5 ns 2-8 

1.5 13.0 ns 2-7 

1.5 13.0 ns 2-7 

45 MHz 2-3 

35 MHz 2-3 



AC Operating Requirements 
74AC 

·vcc TA= +25°C 
Symbol Parameter 

(V) CL= 50 pf 

Typ 

tw(H) SI Pulse Width, ts1H 3.3 9.0 16.5 
5.0 5.5 10.5 

tw(L) SI Pulse Width, ts1L 3.3 8.5 16.0 
5.0 6.5 12.0 

ts Setup Time, HIGH or 3.3 -2.0 1.0 
LO(W, 0 0 to SI 5.0 -1.5 1.0 

tH Hold Time, HIGH or 3.3 1.0 5.5 
LOW, D0 toSI 1.0 4.0 

tw MR Pulse Width, tMRW 3.3 13.0 26.0 
5.0 8.5 16.0 

tree Recovery Time, tMRSIH 3.3 4.5 8.0 
MR to SI 5.0 3.0 6.0 

tw(H) SO Pulse Width, tsoH 3.3 4.0 7.5 
5.0 2.5 5.5 

tw(L) so Pulse Width, tsoL 3.3 10.0 18.0 
5.0 6.0 12.0 

•voltage Range 3.3 is 3.3V ± 0.3V 

•voltage Range 5.0 is 5.0V ± 0.5V 

AC Operating Requirements 
74ACT 

·vcc TA= +25°C 
Symbol Parameter 

(V) CL= 50pF 

Typ 

tw(H) SI Pulse Width, ts1H 5.0 3.5 6.5 

tw(L) SI Pulse Width, ts1L 5.0 6.0 10.0 

ts Setup Time, HIGH or 
5.0 1.0 3.5 

LOW, D0 toSI 

tH Hold Time, HIGH or 
5.0 1.5 3.5 

LOW,D0 toSI 

tw MR Pulse Width, tMRW 5.0 13.0 20.0 

tree Recovery Time, tMRSIH 
5.0 4.5 7.5 

MR to SI 

tw(H) so Pulse Width, tsoH 5.0 7.5 6.5 

tw(L) SO Pulse Width, tsoL 5.0 9.0 14.0 

•voltage Range 5.0 is 5.0V ± 0.5V 

Capacitance 

Symbol Parameter 
AC/ACT 

Typ 

C1N Input Capacitance 4.5 
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54AC 74AC 

TA= -55°C TA= -40°C 
to+ 125°C to +85°C 
CL= 50 pf CL= 50 pF 

Guaranteed Minimum 

20.5 
12.5 

19.5 
14.5 

1.0 
1.0 

6.0 
4.5 

30.5 
20.0 

9.5 
7.0 

8.5 
6.5 

21.0 
14.0 

54ACT 74ACT 

TA= -55°C TA= -40°C 
to+ 125°C to +85°C 
CL= 50 pf CL= 50 pF 

Guaranteed Minimum 

7.5 

12.0 

4.5 

4.5 

24.5 

8.5 

8.0 

17.0 

Units Conditions 

pF Vee= 5.0V 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Fig. 
No. 

2-6 

2-6 

2-9 

2-9 

2-6 

2-9 

2-6 

2-6 

Fig. 
No. 

2-6 

2-6 

2-9 

2-9 

2-6 

2-9 

2-6 

2-6 

I\) 
....... 
0 
co 



'?'A National 
~Semiconductor 

54AC/7 4AC4024 

ADVANCE INFORMATION 

7-Stage Binary Ripple Counter 

General Description 
The 'AC4024 consists of 7 master-slave flip-flops. The out
put of each flip-flop feeds the next and the frequency at 
each output is half that of the preceding one. The state of 
the counter advances on the negative going edge of the 
Clock input. Reset is asynchronous and active-high. 

State changes of the Q outputs do not occur simultaneously 
because of internal ripple delays. Therefore, decoded out
put signals are subject to decoding spikes and may have to · 
be gated with the Clock of the 'AC4024 for some designs. 

Logic Symbol 

Oo 
o, 
02 

Clock 03 

04 

05 

Os 

Reset----' 
TL/F/10145-1 

Pin Names Description 

CP Clock Pulse Input 
MR Asynchronous Master Reset 

Oo-Oa Flip-Flop Outputs 

Features 
• Outputs directly interface to CMOS, NMOS, and TTL 
• Operating voltage range: 2V to 6V 
• Low input current: 1 µA 
• High noise immunity characteristic of CMOS devices 
• Pin and functional compatible to MC1424 
• Outputs source/sink 24 mA 

Connection Diagram 
Pin Assignment 

for DIP, Flatpack and SOIC 

CP 14 Vee 
MR 2 13 NC 

Os 3 12 Oo 

05 4 11 o, 
04 5 10 NC 

03 6 02 

GND 7 8 NC 

TL/F/10145-2 

NC = No Connection 
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Ordering Information 

The device number is used to form part of a simplified purchasing code where the package type and temperature range are 
defined as follows: 

Dim 

A 
JED EC 

8 

A 
EIAJ 

8 

Units: Inch (mm) 

p c QR 

"TC! ~ Lspeclal Variations 

Temperature Range Family 
7 4AC =Commercial 
54AC =Military 
7 4ACT =Commercial m-Compatible 
54ACT =Military TTL-Compatible 

X = Devices shipped In 
13" reels 

QR =Commercial grade 
device with bum-In 

QB= Military grade with 
environmental and 
burn-In processing 
shipped In tubes 

Device Type-------' 
'--Temperature Range 

Package Code-------' 
P = Plastic DIP 

SP = Slim Plastic DIP 
D = Ceramic DIP 

SD = Slim Ceramic DIP 
F=Flatpak 
L = Leadless Ceramic Chip carrier (LCC) 
Q =Plastic Leaded Chip Carrier (PCC) 
S =Small Outline {SOIC) 

C =Commercial {-40oC to + 85oC} 
M=Military (-ssoe to+ 12soe) 

For most current packaging Information, contact Product Marketing. 

JEDEC-EIAJ Small Outline Package Comparison 

14Pln 16 Pin 20Pln 

Min Max Min Max Min Max 

0.228 0.245 0.228 0.245 0.393 0.420 
(5.80) (6.20) (5.80) (6.20) (10.0) (10.65) 

0.149 0.158 0.149 0.158 0.291 0.300 
(3.80) (4.00) (3.80) (4.00) (7.40) (7.60) 

0.300 0.350 0.300 0.350 0.300 0.350 
(7.62) (8.89) (7.62) (8.89) (7.62) (8.89) 

0.198 0.245 0.198 0.245 0.198 0.245 
(5.02) (6.22) (5.02) (6.22) (5.02) (6.22) 

WWI f 
A 

l 
TL/F/10162-2 

5-3 

TL/F/10162-1 

24 Pin 

Min Max 

0.393 0.420 
(10.0) (10.65) 

0.291 0.300 
(7.40) (7.60) 

0.300 0.350 
(7.62) (8.89) 

0.198 0.245 
(5.02) (6.22) 

0 ... 
a. 
(I) ... :;· 

Ul 

5' -0 ... 
3 
D> -c;· 
:J 
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64 Lead Side Brazed Ceramic Dual-In-Line Package (D) 
NS Package Number D64A 

'4------------------,!22:) MlX-----------------33---i·i 

1 
LC.l.-.:"·~·,0.~11-DE~'C:l"'""'Cl'"""'C:l,......, ....... :::r-=--c::r..,,,,.....,,,......, ..... :::r-=-=-~....,,,r-c,,...,:::r-=-~-c::i"""""'..-.,.....,.,,,...,,,,..~..,,,,......, ...... :::r-.,,,..~~ 

2 3 • 

14----,:;g::)IEF'----
Note: FACTTM Product Shipped WITHOUT Protective Silicon "Bumpers". 

20 Terminal Ceramic Leadless Chip Carrier (L) 
NS Package Number E20A 

t~ ~I 

TopVlow Slot.View 

DollllA 

0.015 
To:3iiT 
lllNTYP 

5-4 

4S'x O.IM0±0.010 
(1.018±0.2541 

SPl.CS 

lottomVlow 

t 0.IM5-0.055 
(1.143-1.3971 

TYP 

1.040-0.DIO 
(1.011-1.&24) 

t-1 

==rt 
(~::~J MIN 



28 Terminal Ceramic Leadless Chip Carrier (L) 
NS Package Number E28A 

~ 
1---(10.261-j 

SQ -~1 

TOP 
VIEW 

BOTTOM 
VIEW 

84 Terminal Ceramic Leadless Chip Carrier (L) 
NS Package Number E84B 

8.030 
ii.ii2i 

I_ 
r 

IQ 
,~1~:::~,;JJ 
8.JM±D.OOI 
iii.ii±i.iOii 

IQ 

D.574 D.050±D.DDe I''::' ·1.l 1 "'w·~ 
'1MP-lMMMI' 

l l 

D 
TOPVIEW 

]_ 
]m' 

BOTTOM VIEW 

5-5 

0.065-0.076 I (1.651-1.930) 

SIDE 
VIEW 

E2BA (REV Ci 

SIDE VIEW 
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14 Lead Ceramic Dual-In-Line Package (D) 
NS Package Number J 14A 

0.025 
(0.635) 

RAD 

0.785 
(19.939) ___ ___,_I 

MAX 

I 
0.220-0.310 
(5.588-7.874) 

.....___.....,_,....,.~~_J 

16 Lead Ceramic Dual-In-Line Package (D) 
NS Package Number J 16A 

0.025 
(0.635) 

RAD 

5-6 

J16A (REV Ki 



20 Lead Ceramic Dual-In-Line Package (D) 
NS Package Number J20A 

0.180 
(4.572) 

MAX 

0.985 
-------(25.019) -------.-1 

MAX 

GLASS SEALANT 

0.008-0.012 

860 9J0 

(0.203 -0.305) 

0.060 
(1.524) 

MAX 
BOTH ENOS 0.100±0.010 

(2.540±0.254) 

24 Lead Slim (0.300" Wide) Ceramic Dual-In-Line Package (SD) 
NS Package Number J24F 

1.290 
, ________ (32.17) MAX "1 
~~~,~h 

0.295 
(7.493) MAX 

0.200 
(5.080) 

MAX 

0.125-0.200 
(3.175- 5.080) 

t 

J20AtREVM) 

t f • 0.008-0.012 

0.018 ±0.003 IWI·---,-:::+~-:)- I 0.310-0.410 I ~;POl-0.305) 
(0.457 ±0.~~~--ll-- MIN f--(7.874-10.41)--l 

J24F(REVG) 
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28 Lead Ceramic Dual-In-Line Package (D) 
NS Package Number J28A 

D.025 
(0.135) 

RAD 

D.030-0.055 
(0.712-1.397) 

RAD TYP 
D.UD 
(4.512) 

MAX 

IA90 
i--------(37.141) MAX D.600 

(15.240) 
MAX GLASS 

,.... ......................... ..=.i ....... ...,.,;; ................ .;.;..,...-.... .............. ...i.:.:..._._-+-

D.514-D.521 

~.....,.,,.....,.....,..,,,..,..,.,..,..,....,.,.,......,.,...,..,.....,...,~,..,.,.,......,.,....,,,....,.~~"" 

!_~~~~----~~--+-+-~~-

(3.1751 
MIN 

Note: FACTTM Product Shipped WITHOUT Protective Silicon "Bumpers". 

14 Lead Small Outline Integrated Circuit (S) 
NS Package Number M 14A 

0.150-0.158 

0.017 
0.024-0.031 0.053-0.069 

(0.610-0.787) (1.346-1.753) 0.004-0.010 
(0.102-0.254) ~ 

(3.810-4.013) -

r (D.432) 
0
._

8
• 

x 
450 

TYP ALL LEADS 

LJf 1~ + 
t I] l--==:::: 

t t ~ AFTERrFINISH 

0.007-0.010 t 
(0.178-0.254) 0.020-0.050 

TYP 0.004 (0.508-1.270) 

!.050 J I -.I L o.01L.019 

"~ - ~~~~ TYP TYP 
(0.102) TYP ALL LEADS 

ALL LEAD TIPS M14AiREV Fi 
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16 Lead Small Outline Integrated Circuit (S) 
NS Package Number M16A 

~ 
(~.!~~=: ~~, 1-
l
- o 011 

0.053-0.069 0.004-0.010 

(0432) o•-a• 
x45' TYP L r==l All LEADS 

_dj IS~ 
0.007t010 I J L 0020f-0050 

!O.m-0.2541 I 10.501-1.2101 
TYP All LEADS 0.004 TYP ALL LEADS 

iD.iOzi 
ALL LEAD TIPS 

_+ 

t 
0.024-0.031 
~ 

(1.346-1.753) (0.102-0.254) 
+ AFTER LEAD FINISH 

~HHHHHHH~ i 
~I 1-~ Jl=-:f-0019 

(1.270) 10.356-0.483) 
TYP TYP 

20 Lead Small Outline Integrated Circuit (S) 
NS Package Number M20B 

0.017 
(0.432) 
x45' t

(~:~:~=~:~::,J 

o·-a· 
TYP All LEADS 

0.093-0.104 
(2.362-2.642) 

t 

0.496-0.512 
(12.598-13.005) 

20 19 18 17 16 15 14 13 12 11 

B B B B B B B B B B 

··'"T"'' t--c:;;;l-=====~=~==!__l 0.037t044 

T ~/ [I (0.940-1.118) t 
~ (0.102) - .__~ 
(0.229-0.330) All LEAD TIPS (0. 762-1.270) 

flririririciil: •.oo•-···" 

J L IL-i 0.050 0.014-D.019 
(1.270) - (0.356-D.483) 

TYP All LEADS TYP ALL LEADS TYP TYP 
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24 Lead Small Outline Integrated Circuit (S) 
NS Package Number M24B 

0.009-0.013 
~ 
TYPALLLEAOS 

L 
-t 

0.037-0.044 0.093-0.104 
(0.940-1.118)~ 

t t 0.004-0.012 
0'-B'TYPALLLEAOS flDO.OU6Driciri (0.102r.305) 

+ 

[f 0.030-0.050 
(0.762-1.270) 
TYPALLLEAOS 

J L~ Jl_ooLo.019 
(1.270) (0.356-0.483) 

TYP 

28 Lead Small Outline Integrated Circuit (S) 
NS Package Number M28B 

1

. 18.10 (0.713) • I 
17.70 (0.696) 

1.27 (0.050) 
BSC 

0.49 (0.020) 
0.35 (0.013) 

INDEX 
AREA 

10.65 (0.420) 
10.00 (0.393) 

l 
0.75 (0.030) x450 
0.25 (0.009) 

0.32 (0.01~3) -i~l1 
0.23 (0.009) r;--::::=::::::===:::;+=~~ 2.65 (0.105) L ! _ 2.35 (0.092> 

'J~~: ~ 
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1.27 (0.050) 
0.40 (0.015) 

0.30 (0.012) 
0.10 (0.003) 

M28B 



14 Lead Plastic Dual-In-Line Package (P) 
NS Package Number N 14A 

0.135±1.DDD 
(3.421tD.127) 

Dl"l10N1 

4'TYP 
Ol'TilllW. 

0.1DO±l.D1Dm 

-~TYPIU40±D.!S4) 
(1.!70-0.254) 

16 Lead Plastic Dual-In-Line Package (P) 
NS Package Number N16E 

1~~~:·:1 ,~:~~) 
I !"" "''· 11 T .,e (1.651) 

§ o.DOl-o.m ~j 
(0.229-0.381) 

0.030±0.015 I J 
0.325 ~~:~~ (0.762±0.381) r--

(. +1 016) 0.100±0.010 
,a.255 -o:381 (2.540±0.2541 

~~ 
0.125-0.140 

0.018±0.003 (3.175-3.556) 
(0.457±0.078) MIN 

TYP 

5-11 

DmDND2 

0.020 
iD.50ii 

MIN 

.!:!!!::!!!!.m 
(D.2D3-D.40ll) 

0.032±0.005 :1;714 
(0.813i0.127) 

PIN N0.1 IDENT~ 

1 2 

0.145-0.21UJ 
(3.683-5.080) 

OPTION 2 

N18E(REV E) 
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20 Lead Plastic Dual-In-Line Package (P) 
NS Package Number N20B 

-r 
0.240-0.260 
(6.096-6.604) 

t:;::;t;::;::;:r:;:;::;:::;::;::;::;:;:;:;=:;;;;=~::;:::;::;::;:;:t__l_ 

0.032±0.005~0 19 
(0.813 ±0.127) 

RAD 

PIN NO. 1 IDENT~ 

1 

OPTION 2 

0.130 0.005 
(3.302 0.127) 

I 0.100±0.010 I 
j-12.540 ±0.254)-j 

I 'I 0.125-0.150 t- 0.014-0.023 -l - (3.175-3.810) 
(0.355-0.585) 

t 
0.020 

(0.508) 
MIN 

0.145-0.200 
(3.683-5.080) 

r 

N20B(REVA) 

24 Lead Plastic Slim (0.300" Wide) Dual-In-Line Package (SP) 
NS Package Number N24C 

0.009-0.015 
(0.229-0.381 I 

0.325 ~~:~~~ 
18255 +1.016) 
~ . -0.381 

0.300-0.320 

I (·~:·m· I 

0.280 
(7.112) 

MIN 

0.092 
(2.337) 
(2 PLS) 

0.065 

0.062 
(1.575) 

RAD 

,-J (1.651) 

0.015 ± 0.015 I 
(1.905±0.381) 1--

5-12 

0.040 
(1.016) 

TYP 

t 
0.260±0.005 
(6.604±0.127) 

l 

0.130±0.005 
(3.302±0.127) 

0.125-0.145 
·(3.175-3.556) 

MIN 

N24C(AEV F) 



28 Lead Plastic Dual-In-Line Package {P) 
NS Package Number N28B 

o.~

1 
MAX 

1
0.600-0.620 ____, 

~"flc iiUi=iiiii--, I 
95'±5° 

(~~~)MIN 
0.625 ~ ~:~~~ 
(15.88~~:~~) 

PIN NO. 1 IDENT 

64 Lead Plastic Dual In-Line Package {P) 
NS Package Number N64A 

I 01110 
t----12.~im 

5-13 

0.125-0.145 
(3.175-3.683) 

N2118(FIEVE) 

IJM5-0.D7D 
(1.1'3-1.7711 



U) 
c 
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·0 
c 
CD 
E 
i5 
ca 
u 
"i 
.c 
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20 Lead Plastic Chip Carrier (Q) 
NS Package Number V20A 

4 SPACES AT 
0.050 

(1.270) 

0.310-0.330 
(7.874-8.382) 

(CONTACT DIMENSION) 

0.026-0.032 
(0.660-0.813) 

TYP 

0.013-0.018 
(0.330-0.457) 

TYP 
0.020 

l0:5o8i 
=t======J===rti~lrfiM~Et:i=. MIN 

0.005-0.015 0.032-0.040 
(0.127-0.381) (0.813-1.016) 

PIN N0.1 
IDENT 0.385- 0.395 

(9.779-10.03) 
SQUARE 

28 Lead Plastic Chip Carrier (Q) 
NS Package Number V28A 

0.321 
22 ii:2iOi 

NOM SQUARE 

0.165-0.180 
(4.191-4.5721 

0.115-0.180 
~ 

~ 
(0.SBO-D.113) 

m 

* * 
f t~ 

(2.142-2.197) 

5-14 

0.045ir (1.143j 
x45° 

~ 
15" VIEW A·A 

V20AiREVJ) 

YlEWA-A 

,::::.JI 
><45° 

V28A(JllEVO) 



68 Lead Plastic Chip Carrier (Q) 
NS Package Number V68A 

r -IDl 
0.126 0.050 = 0.800 

(1.270) 

(8.382) RfF 
DIANOM _J_ 
PEDESTAL 

44.,_..,J"U'"'L-'"'..r-l..l'"Lr"Lr'-'"Lr'LI'~~n..rl..ru--.-· 26 

~ v 

1~•1------ 0.826 ------..... 1 
(20.98) 

NOM 

84 Lead Plastic Chip Carrier (Q) 
NS Package Number V84A 

0.100 

i2.iiOi 
NOM 
lllA 

PEDESTAL 

0.030-0.045 

~ 
RAD 
TYP 

5-15 

0.950 
(24.13i 
REF SO 

NOM 

1.150 

iITT11 

0. 985- 0. 995 
(25.02-25.27) 

SQUARE 

V68A(REVG) 

1~
~:~~1 

J
REFSQ LEADN0.11DENT 

O.o&I 
(1.524) 

DIA 

L:_ (:::~=:~) 
0.165-0.180~ 
i4.ii1=i:illi ~ 

0.165-0.1800.004~2-0.0'8 l.-~(0.102) ~_J 
TOTAL VIEW A-A 

0.005-0.015 

~ 

"'C 
::r 
'< en 
(;' 
!!. 
c 
§" 
CD 
::s en 
(j" 
::s en 



U) 
c 
0 

"iii 
c 
Q) 

E 
i:S 
1j 
-~ 
.c 
Q. 

14 Lead Ceramic Flatpak (F) 
NS Package Number W14B 

0.050-0.080 
(1.270-2.032) 

0.004-0.006 
(0.102-0.152) 

0.020-0.035 
(0.508-0.889) L 

16 Lead Ceramic Flatpak (F) 
NS Package Number W16A 

0 372-0.385 --(9.449 - 9. 779) 

0.045 r I 0.050±0.005 
(1.143)-' r- (1.270±0.127) 

MAX 

0.25010.370 
(6.350-9.398) 

t 1413121110D ' ~ 
0.280 MAX ~ 0.245-0.255 

(7.112)GLASS (6.223-6.477) 

l l9234667-t-

PINNO.~/ f 
IDENT 0.250-0.370 

0.015-0.019 --11-
(0.381-0.483) 

TYP 

0 371 - 0 390 ..... 

(9.423 - 9.906) 

(6.350 -9.398) 

1 
--1 f--;0.005 MIN 

0.127 

W14B(REVD) 

0.050-0.080 

(1.270-2.032) -l 1--
0.004-0.006 -+iH

(0.102-0.152) 1111 
0.007-0.018 ..... I 1 l-- 0.050±0.005 

(0.178 _ 0.457) r (1.270 ±0.127) 

+I l--0.000 MIN ALL ENDS 

0.020-0.040 I 
(0.508-1.016) 1--

0.300 I 0.370 

(7 .620 - 9.398) 

l 
16 15 14 13 12 11 10 9 ---r 0.300 

PIN N0.1 0.245 - 0.275 (7.620) 
IDENT-......._ p (6.223 - 6.985) t- MAX 

~le 2 3 4 & & 7 a __j__ GLASS 

0.015-0.019 11 

(0.381-0.482) --l ~ 
TVP 

5-16 

0.300 1 0.370 

(7 .620 - 9.398) 

_l 

W16A(REVE) 



20 Lead Ceramic Flatpak (F) 
NS Package Number W20A 

r- 0.080-0.090 r--- 0.540 
I (2.032-2.286) I - I I (13.72) MAX~ 

0.030-0.040 
(0.762-1.016) rr .:~::::, n r -1 f+- .::~, ... ,., 

0.004-0.006 IL 
(0.102-0.152)-

24 Lead Ceramic Flatpak (F) 
NS Package Number W24C 

1 
0.250-0.320 

(6.350-8.128) 

~ m " 10 " " " " " " n _l_t 
0.285 

(7.239) D 0.260-0.210 

MALIL ~6.858) 

OPTIONAL 

PIN #1 
IOENT 

,~ 
23 45 

" 

19 18 

o.,Ja.•a 

~ T 
~ 0.015-0.019 --1 f.- (~:~:~) MAX 

- - (0.381-0.483) TYP 

I 0.008 -0.012 
- (0.203-0.305) W20A(AEVC) 

_ r 0080-0.090 0.590-0.625 

0.030-0.040 rr (2:032-2~2::~±oo05 ll 1~14.99-15.88i--:I i-~MIN TYP 

:~.1~2-1.~l~l 11.21~±~.m1 !" 177) 

I 
0.250-0.320 

0.011-0.025 

...... ......,~ ................................................... ~8.128) 
~ 24 23 22 21 20 19 18 17 16 15 14 13 t 
o.4oo I 

(10.16) ~ 0.365-0.380 

,~:~;! =~:~~~ !..... "·"T"~' 
torn+:~ 

Ji-.:~:=:~:, 
' p ' 3 4 5 ' 1 • "" " " 1 
1 11 0.250-0.320 

OPTIONAL/ I (6.350-8.128) 

~#1 l 
IDENT 

II 
OPTION #1 ~ j (REFER DETAIL "A") 

(~:~~:=~:~~:) - -- - -, (~:~!~=~:~!~) TYP f--1~:~:~) MAX 
- 0.008-0.015 

(0.203-0.381) 

5-17 

DETAIL "A" PIN # 1 IOENT OPTION 2 

W.'4l'.tllEVDI 
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ALS/AS LOGIC DATABOOK-1987 
Introduction to Bipolar Logic• Advanced Low Power Schottky• Advanced Schottky 

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS-1987 
SSl/MSI Functions • Peripheral Functions • LSI/VLSI Functions • Design Guidelines• Packaging 

CMOS LOGIC DATABOOK-1988 
CMOS AC Switching Test Circuits and Timing Waveforms• CMOS Application Notes• MM54HC/MM74HC 
MM54HCT /MM? 4HCT • CD4XXX • MM54CXXX/MM7 4CXXX • Surface Mount 

DATA COMMUNICATION/LAN/UART DATABOOK-Rev. 1-1988 
LAN IEEE 802.3 • High Speed Serial/IBM Data Communications • ISDN Components • UARTs 
Modems • Transmission Line Drivers/Receivers 

DISCRETE SEMICONDUCTOR PRODUCTS DATABOOK-1989 
Selection Guide and Cross Reference Guides • Diodes• Bipolar NPN Transistors 
Bipolar PNP Transistors • JFET Transistors • Surface Mount Products • Pro-Electron Series 
Consumer Series • Power Components • Transistor Datasheets • Process Characteristics 

DRAM MANAGEMENT HANDBOOK-1988 
Dynamic Memory Control • Error Detection and Correction • Microprocessor Applications for the 
DP8408A/09A/17/18/19/28/29 •Microprocessor Applications for the DP8420A/21A/22A 

F100K DATABOOK-1989 
Family Overview • F1 OOK Datasheets • 11 C Datasheets • 1 OK and 1 OOK Memory Datasheets 
Design Guide • Circuit Basics • Logic Design • Transmission Line Concepts • System Considerations 
Power Distribution and Thermal Considerations• Testing Techniques• Quality Assurance and Reliability 

FACT™ ADVANCED CMOS LOGIC DATABOOK-1989 
Description and Family Characteristics • Ratings, Specifications and Waveforms 
Design Considerations • 54AC/7 4ACXXX • 54ACT /7 4ACTXXX 

FAST® ADVANCED SCHOTTKY TTL LOGIC DATABOOK-1988 
Circuit Characteristics• Ratings, Specifications and Waveforms• Design Considerations• 54F/74FXXX 



FAST® APPLICATIONS HANDBOOK-REPRINT 
Reprint of 1987 Fairchild FAST Applications Handbook 
Contains application information on the FAST family: Introduction• Multiplexers• Decoders• Encoders 
Operators• FIFOs •Counters• TTL Small Scale Integration• Line Driving and System Design 
FAST Characteristics and Testing• Packaging Characteristics• Index 

GRAPHICS DATABOOK-1988 
Advanced Graphics Chipset • Application Notes 

INTERFACE DATABOOK-1988 
Transmission Line Drivers/Receivers • Bus Transceivers• Peripheral Power Drivers • Display Drivers 
Memory Support • Microprocessor Support• Level Translators and Buffers • Frequency Synthesis• Hi-Rel Interface 

LINEAR APPLICATIONS HANDBOOK-1986 
The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 

LINEAR 1 DATABOOK-1988 
Voltage Regulators • Operational Amplifiers • Buffers • Voltage Comparators• Instrumentation Amplifiers • Surface Mount 

LINEAR 2 DATABOOK-1988 
Active Filters • Analog Switches/Multiplexers • Analog-to-Digital • Digital-to-Analog • Sample and Hold 
Sensors • Voltage References • Surface Mount 

LINEAR 3 DATABOOK-1988 
Audio Circuits • Radio Circuits • Video Circuits • Motion Control • Special Functions • Surface Mount 

LS/S/TTL DATABOOK-1987 
Introduction to Bipolar Logic • Low Power Schottky• Schottky• TTL • Low Power 

MASS STORAGE HANDBOOK-1988 
Winchester Disk Preamplltiers • Winchester Disk Servo Control • V"v'irn,;i 1t:i::;i~f Di:>i\ Pu::;.:; D.:;t.;cto;s 
Winchester Disk Data Separators/Synchronizers and ENDECs • Winchester Disk Data Controller 
SCSI Bus Interface Circuits • Floppy Disk Controllers 

MEMORY DATABOOK-1988 
PROMs, EPROMs, EEPROMs •Flash EPROMs and EEPROMs •TTL 1/0 SRAMs 
ECL 1/0 SRAMs • ECL 1/0 Memory Modules 

MICROCONTROLLER DATABOOl(-1988 
COP400 Family• COP800 Family • COPS Applications • HPC Family • HPC Applications 
MICROWIRE and MICROWIRE/PLUS Peripherals• Display/Terminal Management Processor (TMP) 
Microcontroller Development Tools 

PROGRAMMABLE LOGIC DATABOOK & DESIGN MANUAL-1989 
Product Line Overview• Datasheets • Designing with PLDs • PLO Design Methodology• PLO Design Development Tools 
Fabrication of Programmable Logic • Application Examples 

REAL TIME CLOCK HANDBOOK-1989 
Real Time Clocks and Timer Clock Peripherals • Application Notes 



RELIABILITY HANDBOOK-1986 
Reliability and the Die• Internal Construction• Finished Package• MIL-STD-883 • MIL-M-38510 
The Specification Development Process • Reliability and the Hybrid Device • VLSl/VHSIC Devices 
Radiation Environment • Electrostatic Discharge • Discrete Device • Standardization 
Quality Assurance and Reliability Engineering • Reliability and Documentation • Commercial Grade Device 
European Reliability Programs • Reliability and the Cost of Semiconductor Ownership 
Reliability Testing at National Semiconductor• The Total Military/ Aerospace Standardization Program 
883B/RETSTM Products. MILS/RETSTM Products. 883/RETSTM Hybrids. MIL-M-38510 Class B Products 
Radiation Hardened Technology• Wafer Fabrication• Semiconductor Assembly and Packaging 
Semiconductor Packages • Glossary of Terms • Key Government Agencies • AN/ Numbers and Acronyms 
Bibliography• MIL-M-38510 and DESC Drawing Cross Listing 

SERIES 32000 MICROPROCESSORS DATABOOK-1988 
Series 32000 Overview • Central Processing Units • Slave Processors • Peripherals • Board Level Products 
Development Systems and Tools • Software Support • Application Notes • NSC800 Family 

TELECOMM UN ICATIONS-1987 
Line Card Components• Integrated Services Digital Network Components • Modems 
Analog Telephone Components• Application Notes 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS 
ALABAMA Sunnyvale GEORGIA MASSACHUSETTS 

Huntsville Arrow Electronics Norcross Lexington 
Arrow Electronics (408) 745-6600 Arrow Electronics Pioneer Standard 
(205) 837-6955 Bell Industries (404) 449-8252 (617) 861-9200 
Bell Industries (408) 734-8570 Bell Industries Zeus Components 
(205) 837-1074 Hamilton/ Avnet (404) 662-0923 (617) 863-8800 
Hamilton/Avnet (408) 743-3355 Hamilton/ Avnet Norwood 
(205) 837-7210 Time Electronics (404) 447-7500 Gerber Electronics 
Pioneer Technology (408) 734-9888 Pioneer Technology (617) 769-6000 
(205) 837-9300 Thousand Oaks (404) 448-1711 Peabody 

ARIZONA Bell Industries ILLINOIS Hamilton/ Avnet 

Chandler (805) 499-6821 Addison (617) 531-7430 

Hamilton/ Avnet Torrance Pioneer Standard Time Electronics 

(602) 231-5100 Time Electronics (312) 437-9680 (617) 532-6200 

Phoenix (213) 320-0880 Bensenville Wilmington 

Arrow Electronics Tustin Hamilton/ Avnet Anthem Electronics 

(602) 437-0750 Arrow Electronics (312) 860-7780 (617) 657-5170 

Tempe (714) 838-5422 Elk Grove Village Arrow Electronics 

Anthem Electronics Yorba Linda Anthem Electronics (617) 935-5134 

(602) 966-6600 Zeus Components (312) 640-6066 MICHIGAN 
Bell Industries (714) 921-9000 Bell Industries Ann Arbor 
(602) 966-7800 COLORADO (312) 640-1910 Arrow Electronics 

CALIFORNIA Englewood Itasca (313) 971-8220 

AgoraHills Anthem Electronics Arrow Electronics Bell Industries 

Zeus Components (303) 790-4500 (312) 250-0500 (313) 971-9093 

(818) 889-3838 Arrow Electronics Urbana Grand Rapids 

Anaheim (303) 790-4444 Bell Industries Arrow Electronics 

Time Electronics Hamilton/ Avnet (217) 328-1077 (616) 243-0912 

(714) 934-0911 (303) 799-9998 Wooddale Hamilton/ Avnet 

Chatsworth Wheatridge Time Electronics (616) 243-8805 

Anthem Electronics Bell Industries (312) 350-0610 Pioneer Standard 

(818) 700-1000 (303) 424-1985 INDIANA (616) 698-1800 

Arrow Electronics CONNECTICUT Carmel Livonia 

(818) 701-7500 Cheshire Hamilton/ Avnet Hamilton/ Avnet 

Hamilton Electro Sales Time Electronics (317) 844-9333 (313) 522-4700 

(818) 700-6500 (203) 271-3200 Fort Wayne Pioneer Standard 

Time Electronics Danbury Bell Industries (313) 525-1800 

(818) 998-7200 Hamilton/ Avnet (219) 423-3422 Wyoming 

Costa Mesa (203) 797-2800 Indianapolis R. M. Electronics, Inc. 

Avnet Electronics Meriden Advent Electronics Inc. (616) 531-9300 

(714) 754-6050 Anthem Electronics (317) 872-4910 MINNESOTA 
Hamilton Electro Sales (203) 237-2282 Arrow Electronics Eden Prairie 
(714) 641-4159 Norwalk (317) 243-9353 Anthem Electronics 

Garden Grove Pioneer Standard Bell Industries (612) 944-5454 
Bell Industries (203) 853-1515 (317) 875-8200 Pioneer Standard 
(714) 895-7801 Wallingford Pioneer Standard (612) 944-3355 

Gardena Arrow Electronics (317) 849-7300 Edina 
Bell Industries (203) 265-7741 IOWA Arrow Electronics 
(?.13) 515-1800 !"!.!:'~!!).'\. CAd:ir R:ioids (612) 830-1800 
Hamilton Electro Sales Altamonte Springs Advent' Electronics lviinnetoni<.ii 
(213) 217-6751 Pioneer Technology (319) 363-0221 Hamilton/ Avnet 

Irvine (407) 834-9090 Arrow Electronics (612) 932-0600 
Anthem Electronics Clearwater (319) 395-7230 MISSOURI 
(714) 768-4444 Pioneer Technology Bell Industries Earth City 

Ontario (813) 536-0445 (319) 395-0730 Hamilton/ Avnet 
Hamilton/ Avnet Deerfield Beach Hamilton/ Avnet (314) 344-1200 
(714) 989-4602 Arrow Electronics (319) 362-4757 St. Louis 

Rocklin (305) 429-8200 KANSAS Arrow Electronics 
Anthem Electronics Bell Industries Lenexa (314) 567-6888 
(916) 922-6800 (305) 421-1997 Arrow Electronics Time Electronics 
Bell Industries Pioneer Technology (913) 541-9542 (314) 391-6444 
(916) 969-3100 

Sacramento 
(305) 428-8877 Overland Park NEW HAMPSHIRE 

Fort Lauderdale Hamilton/ Avnet Hudson Hamilton/ Avnet Hamilton/ Avnet (913) 888-8900 Bell Industries (916) 925-2216 
San Diego 

(305) 971-2900 
MARYLAND (603) 882-1133 

Anthem Electronics 
LakeMary 

Columbia Manchester 
Arrow Electronics 

(619) 453-9005 Anthem Electronics Arrow Electronics 

Arrow Electronics 
(407) 323-9300 

(301) 995-6640 (603) 668-6968 

(619) 565-4800 
Largo 

Arrow Electronics Hamilton/ Avnet 
Bell Industries (603) 624-9400 Hamilton/ Avnet (813) 541-4434 (301) 995-6002 

(619) 571-7510 Oviedo Hamilton/ Avnet 
Time Electronics Zeus Components (301) 995-3500 
(619) 586-1331 (407) 365-3000 Time Electronics 

San Jose St. Petersburg (301) 964-3090 
Anthem Electronics Hamilton/ Avnet Zeus Components 
(408) 453-1200 (813) 576-3930 (301) 997-1118 
Pioneer Technology Winter Park Gaithersburg 
(408) 954-9100 Hamilton/ Avnet Pioneer Technology 
Zeus Components (407) 628-3888 (301) 921-0660 
(408) 998-5121 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued) 

NEW JERSEY NORTH CAROLINA Pittsburgh WISCONSIN 
Cherry Hill Charlotte Hamilton/ Avnet Brookfield 

Hamilton/ Avnet Pioneer Technology (412) 281-4150 Arrow Electronics 
(609) 424-0100 (704) 527-8188 Pioneer (414) 792-0150 

Fairfield Time Electronics (412) 782-2300 Mequon 
Anthem Electronics (704) 522-7600 TEXAS Taylor Electric 
(201) 227-7960 Durham Austin (414) 241-4321 
Hamilton/ Avnet Pioneer Technology Arrow Electronics Waukesha 
(201) 575-3390 (919) 544-5400 (512) 835-4180 Bell Industries 

Marlton Raleigh Hamilton/ Avnet (414) 547-8879 
Arrow Electronics Arrow Electronics (512) 837-8911 Hamilton/ Avnet 
(609) 596-8000 (919) 876-3132 Pioneer Standard (414) 784-4516 

Parsippany Hamilton/ Avnet (512) 835-4000 CANADA 
Arrow Electronics (919) 878-0810 Time Electronics WESTERN PROVINCES 
(201) 538-0900 Winston-Salem (512) 399-3051 Burnaby 

Pine Brook Arrow Electronics Carrollton Hamilton/ Avnet 
Nu Horizons Electronics (919) 725-8711 Arrow Electronics (604) 437-6667 
(201) 882-8300 OHIO (214) 380-6464 Samad Electronics 
Pioneer Standard Centerville Time Electronics (604) 420-9889 
(201) 575-3510 Arrow Electronics (214) 241-7441 Calgary 
Time Electronics (513) 435-5563 Dallas Hamilton/ Avnet 
(201) 882-4611 Cleveland Pioneer Standard (403) 250-9380 

NEW MEXICO Pioneer (214) 386-7300 Samad Electronics 
Albuquerque (216) 587-3600 Houston (403) 252-5664 

Alliance Electronics Inc. Dayton Arrow Electronics Zentronics 
(505) 292-3360 Bell Industries (713) 530-4700 (403) 272-1021 
Arrow Electronics (513) 435-8660 Pioneer Standard Edmonton 
(505) 243-4566 Bell Industries-Military (713) 988-5555 Zentronics 
Bell Industries (513) 434-8231 Irving (403) 468-9306 
(505) 292-2700 Hamilton/ Avnet Hamilton/ Avnet Richmond 
Hamilton/ Avnet (513) 439-6700 (214) 550-7755 Zentronics 
(505) 765-1500 Pi.oneer Standard Richardson (604) 273-5575 

NEW YORK (513) 236-9900 Anthem Electronics Saskatoon 
Amityville Zeus Components (214) 238-7100 Zentronics 

Nu Horizons Electronics (914) 937-7400 Zeus Components (306) 955-2207 

(516) 226-6000 Solon (214) 783-7010 Winnipeg 

Binghamton Arrow Electronics Stafford Zentronics 

Pioneer (216) 248-3990 Hamilton/ Avnet (204) 694-1957 

(607) 722-9300 Hamilton/ Avnet (713) 240-7733 EASTERN PROVINCES 
Buffalo (216) 831-3500 UTAH Brampton 

Summit Electronics Westerville Midvale Zentronics 
(716) 887-2800 Hamilton/ Avnet Bell Industries (416) 451-9600 

Fairport (614) 882-7004 (801) 972-6969 Mississauga 
Pioneer Standard OKLAHOMA Salt Lake City Hamilton/ Avnet 
(716) 381-7070 Tulsa Anthem Electronics (416) 677-7432 
Time Electronics Arrow Electronics (801) 973-8555 Nepean 
(716) 383-8853 (918) 252-7537 Arrow Electronics Hamilton/ Avnet 

Hauppauge Hamilton/ Avnet (801) 973-6913 (613) 226-1700 
Anthem Electronics (918) 252-7297 Hamilton/ Avnet Zentronics 
(516) 273-1660 Radio Inc. (801) 972-4300 (613) 226-8840 
Arrow Electronics (918) 587-9123 West Valley Ottawa 
(516) 231-1000 OREGON Time Electronics Samad Electronics 
Hamilton/Avnet Beaverton (801) 973-8181 (613) 727-8325 
(516) 434-7413 Almac-Stroum Electronics WASHINGTON Pointe Claire 
Time Electronics (503) 629-8090 Bellevue Samad Electronics 
(516) 273-0100 Anthem Electronics Almac-Stroum Electronics (514) 694-0860 

Port Chester (503) 643-1114 (206) 643-9992 St. Laurent 
Zeus Components Arrow Electronics Kent Hamilton/ Avnet 
(914) 937-7400 (503) 645-6456 Arrow Electronics (514) 335-1000 

Rochester Hamilton/ Avnet (206) 575-4420 Zentronics 
Arrow Electronics (503) 627-0201 Redmond (514) 737-9700 
(716) 427-0300 Lake Oswego Anthem Electronics Willowdale 
Hamilton/ Avnet Bell Industries (206) 881-0850 ElectroSonic Inc. 
(716) 475-9130 (503) 241-4115 Hamilton/ Avnet (416) 494-1666 
Summit Electronics 

PENNSYLVANIA (206) 867-0148 
(716) 334-8110 

Ronkonkoma Horsham 

Zeus Components Anthem Electronics 

(516) 737-4500 (215) 443-5150 

Syracuse Pioneer Technology 

Hamilton/ Avnet (215) 674-4000 

(315) 437-2641 King of Prussia 

Time Electronics Time Electronics 

(315) 432-0355 (215) 337-0900 

Westbury Monroeville 

Hamilton/Avnet Arrow Electronics 

(516) 997-6868 (412) 856-7000 

Woodbury 
Pioneer Electronics 
(516) 921-8700 



SALES OFFICES 

ALABAMA FLORIDA MICHIGAN ONTARIO 
Huntsville Boca Raton Grand Rapids Mississauga 

(205) 721-9367 (407) 997-8133 (616) 940-0588 (416) 678-2920 

ARIZONA Orlando W. Bloomfield Nepean 

Tempe (305) 629-1720 (313) 855-0166 (613) 596-0411 

(602) 966-4563 St. Petersburg Ml~NESOTA OREGON 

CALIFORNIA 
(813) 577-1380 Bloomington Portland 

Inglewood GEORGIA (612) 854-8200 (503) 639-5442 

(213) 645-4226 Norcross NEW JERSEY PENNSYLVANIA 
Roseville (404) 441-2740 Paramus Horsham 

(916) 786-5577 ILLINOIS (201) 599-0955 (215) 672-6767 
San Diego Schaumburg NEW MEXICO PUERTO RICO 

(619) 587-0666 (312) 397-8777 Albuquerque Rio Piedias 
Santa Clara IN DIANA (505) 884-5601 (809) 758-9211 

(408) 562-5900 Carmel NEW YORK QUEBEC Tustin (317) 843-7160 
(714) 259-8880 Fairport Lachine 

Woodland Hills 
Fort Wayne (716) 223-7700 (514) 636-8525 

(818) 888-2602 
(219) 484-0722 Liverpool TEXAS 

IOWA (315) 451-9091 Austin COLORADO Cedar Rapids Melville (512) 346-3990 Boulder 
(303) 440-3400 

(319) 395-0090 (516) 351-1000 Houston 

Colorado Springs KANSAS Wappinger Falls (713) 771-3547 

(303) 578-3319 Overland Park (914) 298-0680 Richardson 

Englewood (913) 451-4402 NORTH CAROLINA (214) 234-3811 

(303) 790-8090 MARYLAND Cary UTAH 

CONNECTICUT Hanover (919) 481-4311 Salt Lake City 

Hamden (301) 796-8900 OHIO (801) 322-4747 

(203) 288-1560 MASSACHUSETTS Day1on WASHINGTON 
Burlington (513) 435-6886 Bellevue 

(617) 273-3170 Dublin (206) 453-9944 
(614) 766-3679 

WISCONSIN Independence 
Brookfield (216) 524-5577 

(414) 782-1818 
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