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Introduction

This volume of the 1984 Logic Databook contains complete
information on National Semiconductor’s extensive bipolar
logic families. Included in this publication are National’s
newer 5V bipolar families, AS and ALS, designed for use
together in systems where both high speed and low power
are important considerations. The AS family provides the
fastest saturated logic circuits on the market, whereas
ALS, at only one milliwatt per gate, minimizes power
dissipation. Together, the two technologies provide the op-
timum power/speed solution. Additionally, the ALS/AS cir-
cuits are guaranteed over a = 10% power supply range for
both AC and DC.

Einleitung

Dieser Band des Logik-Datenbuchs 1984 enthdlt die
vollstandigen Informationen iiber das umfangreiche
Spektrum der bipolaren Logikfamilien von National
Semiconductor. Enthalten sind in diesem Buch auch die
neueren 5-V-Bipolar-Familien von National, die AS- und
ALS-Typen, die beide fiir die Verwendung in Systemen
konzipiert sind, bei denen hohe Arbeitsgeschwindigkeit
und geringe Stromaufnahme eine wichtige Rolle spielen.
Die AS-Familie ist die schnellste Logik-Typenreiche in
gesattigter Schaltungstechnik auf dem Markt, wahrend
die ALS-Familie mit nur 1 mW pro Gattor eine sehr geringe
Verlustieistung aufweist. Insgesamt bieten die beiden
Schaltungstechniken eine optimale Lésung in bezug auf
das Geschwindigkeits-Leistungs-Verhaltnis. Dariiber
hinaus sind die Gleich- und Wechselspannungs-
Parameter iiber einen Betriebsspannungs-Bereich von
+10% garantiert.

Introduction Bipolaire

Cette édition 1984 du Databook Logique contient une in-
formation exhaustive sur les familles logiques bipolaires
de National Semiconductor. Dans cet ouvrage, figurent
les plus récentes familles bipolaires 5 Vde National, la AS
etla ALS, concues toutes les deux pour etre utilisées dans
les systémes ol se posent des problémes de vitesse et de
consommation.

La famille AS regroupe les circuits les plus rapides du
marché en logique saturée, tandis que la famille ALS, avec
une consommation de seulement 1 mW par porte, permet
de minimiser la consommation. A elles deux, ces deux
technologies fournissent le meilleur rapport consomma-
tion/vitesse. De plus, les circuits ALS/AS sont garantis &
latension d’alimentation a plus ou moins 10% que ce soit
en alternatif ou en continu.

Introduzione

Il volume LOGIC DATABOOK 1984 contiene informazioni
complete sulle famiglie logiche bipolari della National
Semiconductor. Nella pubblicazione vengono descritte le
nuovissime famiglie AS ed ALS. Progettate per essere
utilizzate in sistemi, ove velocita e ridotti assorbimenti
siano caratteristiche di primaria importanza. La famiglia
AS e constituita da circuiti logici satura ti, i piu veloci
presenti oggi sul mercato; le ALS, peraltro, con una dissi-
pazione di un solo milliwatt per gate, e realizzata per
minimizzare gli assorbimenti. Le due famiglie, insieme,
rappresentano la soluzione ottimale per velocita/assorbi-
mento. Oltre a cio, i dispositivi AS/ALS hanno i parametri
sia AC che DC, caraterizzati da una variazione della ten-
sione di alimentazione *=10%.
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DM54/74ALS1621 Octal Bus Transceivers with Open-CollectorOutputs .. .. ................... 2-312

DM54/74ALS1622 Octal Inverting Bus Transceivers with Open-Collector Qutputs . ............. 2-312
DM54/74ALS1623 Octal TRI-STATE BUS TraNSCEIVEIS .\t vvvvr et e e veteaeeeieaieneeenns 2-315
DM54/74ALS1638 Octal Inverting Bus Transceivers with Open-Collector and

TRESTATE OUIPULS . ¢ ottt e et e e e e e e et e e e e et e 2-318
DM54/74ALS1639 Octal Bus Transceivers with Open-Collector :

and TRESTATE QUIPULS . . o oottt e e e et et et et e e 2-318
DM54/74ALS1640 Octal TRI-STATE Inverting Bus Transceivers . ... .......ooivie i, 2-322
DM54/74ALS1641 Octal Bus Transceivers with Open-Collector O{nputs ...................... 2-326
DM54/74ALS1642 Octal Inverting Bus Transceivers with Open-CollectorOutputs .............. 2-326
DM54/74ALS1643 Octal TRI-STATE True and Inverting Bus Transceivers . . .. ...t 2-322
DM54/74ALS1644 Octal True and Inverting Bus Transceivers with Open-Collector Outputs ....... 2-326
DM54/74ALS1645 Octal TRI-STATEBUS TranSCeIVErS . ... oo ittt ittt it e eie e 2-322
DM54/74AS00 Quad 2-Input NAND Gates .. ......vuvrnt it i e 35
DM54/74AS02 Quad 2-INoUt NOR Gates . . . ..o vttt it 37
DM54/74AS04 HEX INVEMEIS . . ..ottt i i e it et i e e s 39
DM54/74AS08 Quad 2-INPUt AND GatES . . . .o oo vttt vt e et e e e i s 31
DM54/74AS10 Triple 3-Input NAND Gates . .........ccovvinvnnns P 313
DM54/74AS11 Triple 3-Input AND Gates . . . . . e e 315
DM54/74AS20 Dual 4-Input NAND Gates .. ... oot e 317 .
DM54/74AS21 Dual 4-Input ANDGates . .................... T 319
DM54/74AS27 Triple 3-Input NORGates . . .. ...ttt 321
DMB54/74AS30 8-INpUtNAND GAE ...\ ittt ettt i L. 323 -
DM54/74AS32 Quad 2-inputORGates ............. e e 325
DM54/74AS34 Hex Non-Inverter . . .. ..ot e e 327
DM54/74AS74 Dual Positive-Edge-Triggered D Flip-Flops with Preset and Clear ................ 329
DM54/74AS86 Quad 2-Input Exclusive-ORGates . . .......vii it 3-32
DM54/74AS95 -4-Bit Parallel Access ShiftRegister ...........ooiiii i, 3-34
DM54/74AS109 Dual Poéitive-Edge—Triggered J-KFlip-Flops with PresetandClear. ............. 3-37
DM54/74AS112 Dual Negative-Edge-Triggered J-K Flip-Flops with PresetandClear . . ........... ©3-40
DM54/74AS113 Dual Negative-Edge-Triggered J-K Flip-FlopswithPreset . . ................... 3-43
DM54/74AS114 Dual Negative-Edge-Triggered J-K Flip-Flops

with Preset, Common Clear,and CommonClock . ............. R S 3-46
DM54/74AS131 3 to 8 Line Decoder/Demultiplexer with Address

Storage REgiStar . . o oot e 349
DM54/74AS136 Quad Exclusive-OR Gates with Open-Collector Outputs ..................... © 352
DMb54/74AS137 3to8Line Decoder/ Demuitipiexer with Address Latches ............ ceeees 3-54
DM54/74AS138 3to8Line Decoder/Demultiplexer. ...t 357
DM54/74AS151 8-Lineto 1-Line DataSelector/Multiplexer............ .. .ot 3-60
DM54/74AS153 Dual 4-Line to 1-Line Data Selectors/Multiplexers ......... B 363
DM54/74AS157 Quad 2to 1 Line Data Selectors/Multiplexers . . ..............oiint 3-66
DM54/74AS158 Quad 2to 1 Line Inverting Data Selectors/Multiplexers ...................... - 366
DM54/74AS160 Synchronous 4-Bit Decade Counter with AsynchronousClear. ................ 3-70
DMS54/74AS161 Synchronous 4-Bit Binary Counter with AsynchronousClear. .. ............... 3-70
DM54/74A5162 Synchronous 4-Bit Decade Counter with SynchronousClear .. ...... e 370
DM54/74AS163 Synchronous 4-Bit Binary Counter with SynchronousClear. .. ................ 370
DM54/74AS168 Synchronous 4-Bit Up/Down DecadeCounter ............coviviinnnnnnn. 3-77
DMb54/74AS169 Synchronous 4-Bit Up/Down BinaryCounter ................... e 377
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DM54/74AS174 Hex DFlip-FlopswithClear. . ... ... o e i . 382

DM54/74AS175 Quad D Flip-Flops with Clear and ComplementaryOutputs .. ................. 382
DM54/74AS181B Arithmetic Logic Unit/FunctionGenerator .. ........covviiinvennnnenan.. 385
DM54/74AS182 Look-Ahead Carry Generator. .. ....oie ittt ittt et e 393
DM54/74AS194 4-Bit Bidirectional Universal ShiftRegister ............... ... oo, 397
DM54/74AS195 4-Bit Paraliel Access ShiftRegisters . ...ttt 3-100
DM54/74AS230 Octal TRI-STATE Bus Drivers/Receivers with

Trueand Inverting OULPULS . .. ...ttt e e e e 3-102
DM54/74AS231 Octal TRI-STATE Inverting Bus Drivers/Receivers . ... ....covviniiinnean. 3-102
DM54/74AS240 Octal TRI-STATE Inverting Buffers/Line Drivers/Line Receivers . ............... 3-105
DM54/74AS241 Octal TRI-STATE Buffers/Line Drivers/Line Receivers .............ccooou..... 3-105
DM54/74AS242 Octal TRI-STATE Inverting Bus TranSCeIVers . . ..o oo eveie i iiie e eennn 3105
DM54/74AS243 Octal TRI-STATE BUS TranSCeIVErS . ... oovvtie ettt eeianenens 3-105
DM54/74AS244 Octal TRI-STATE Buffers/Line Drivers/Line Receivers ..............coven.... 3-105
DM54/74AS245 Octal TRI-SSTATE BUS TranSCeIVEIS .. .. oottt i i ie et eenns 3111
DM54/74AS251 TRI-STATE 8-Line to 1-Line Data Selector/Multiplexer with

Complementary Outputs ............ e 31 1\3
DM54/74AS253 Dual TRI-STATE 4-Line to 1-Line Data Selectors/Mulitiplexers . ... .............. 3117
DMb54/74AS257 Quad TRI-STATE 2to 1 Line Data Selectors/Mulitiplexers ..................... 3-120
DM54/74AS258 Quad TRI-STATE 2 to 1 Line Inverting Data Selectors/Multiplexers . .. ........... 3-120
DM54/74AS264 Counter Look Ahead CarryGenerator. ... .. ..ot iiin i it it i enns 3124

- DM54/74AS280 9-Bit Parity Generator/Checker ....... ... ..ot 3-129

DM54/74AS282 Look Ahead Carry Generator with Selectable Carrylnputs ... ................. 3-132
DM54/74AS286 Parity Generator/Checker . . . ...t e et e 3-136
DM54/74AS352 Dual 4-Line to 1-Line Inverting Data Selector/Multiplexer . . . .................. 3141
DM54/74AS353 Dual TRI-STATE 4-Line to 1-Line Data Selector/Multiplexer. . . . ................ 3-144
DM54/74AS373 Octal TRI-STATE TransparentDLatches . .........cvviii i 3-147
DM54/74AS374 Octal TRI-STATE Positive-Edge-Triggered D Flip-FIOPS .. ..o ovvveeniineennnn.. 3-150
DM54/74AS533 Octal TRI-STATE Inverting Transparent DLatches. ... ....... ..o oo 3-154
DM54/74AS534 Octal TRI-STATE Inverting Positive-Edge-Triggered DFlip-Flops ............... 3157
DM54/74AS573 Octal TRI-STATE TransparentDLatches .. ........... ..o 3-161
DM54/74AS574 Octal TRI-STATE Positive-Edge-Triggered DFlip-Flops . ...t 3-164
DM54/74AS575 Octal TRI-STATE Positive-Edge-Triggered D Flip-Flops

WithSynchronous Clear .. ......ii it i e e it 3-167
DM54/74AS576 Octal TRI-STATE Inverting Positive-Edge-Triggered D Flip-Flops ............... 3170
DM54/74AS577 Octal TRI-STATE Inverting Positive-Edge-Triggered

D Flip-FlopswithSynchronousClear . ... ..ot i 3174
DM54/74AS580 Octal TRI-STATE Inverting TransparentDLatches. ... ..o 3-178
DM54/74AS620 Octal TRI-STATE InvertingBusTransceiver .. ... oo 3-181
DM54/74AS621 Octal Bus Transceivers with Open CollectorOutputs . .. ... oot 3-181
DM54/74AS622 Octal Inverting Bus Transceivers with Open CollectorOutputs ................ 3-181
DM54/74AS623 Octal TRI-STATEBUS TransCeiver ... ..ot aienanans 3-181

. DM54/74AS638 Octal Inverting Bus Transceivers with

Open Collectorand TRIESTATEOUPULS ...ttt 3-186
DM54/74AS639 Octal Bus Transceivers with Open Collector

AN TRISTATE QUIPULS ..ottt i et it ie e ia et a e aans 3-186
DM54/74AS640 Octal TRI-STATE Inverting Bus Transceivers .. ... vcviii i iiiinin e 3-189
DM54/74AS641 Octal Bus Transceivers with Open-CollectorOutputs . ... ........ .. ..ot 3-189
DM54/74AS642 Octal Inverting Bus Transceivers with Open-Collector Outputs ................ 3-189
DM54/74AS643 Octal TRI-STATE True and Inverting Bus Transceivers ... ........ccovivn o 3-189
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DM54/74AS644 Octal True and Inverting Bus Transceivers with
Open-Collector QULPUES . ... ottt i i e i i i ittt e it n it e

DM54/74AS645 Octal TRI-STATEBUS Transceivers . ..........ovviiinnnnnenrennes e
DM54/74AS646 Octal TRI-STATE Bus Transceivers/Registers .. ........cuvvreevreneneneenns.
DM54/74AS648 Octal TRI-STATE Inverting Bus Transceivers/Registers ......................
DM54/74AS651 Octal TRI-STATE Inverting Bus Transceivers/ Registers ..... et
DM54/74AS652 Octal TRI-STATE Bus Transceivers/Registers ... .....o.vuvevieenrennneeannn,
DM54/74AS804A Hex 2-Input NANDLineDriver ...t it e
DM54/74AS805A Hex 2-Input NORLIneDriver ... ... ottt cin et
DM54/74AS808A Hex2-Input ANDLineDriver ... . i i
DM54/74AS810 Quad 2-Input EXCIUSIVE NORGALES . . ..ot tvteee i eiatcneeieenenes
DM54/74AS811 Quad 2-Input Exclusive NOR Gates with Open ColIectorOutputs ..............
DM54/74AS832A Hex 2-INput ORLINE DIIVET . . . .o vttt et e ettt e e eieiaeeeenens
DM54/74AS841 10-Bit Bus Interface D-Type Latches with TRI-STATE Outputs .................

DMb54/74AS842 10-Bit Inverting Bus lnterface D-Type Latches
WithTRISTATEOULPULS ... .ot e e et e it e e e

DM54/74AS843 9-Bit Bus Interface D-Type Latches with TRISTATEOutputs . .................

DM54/74AS844 9-Bit Inverting Bus Interface D-Type Latches with )
TR ST AT E QU PULS . .ottt t et et et ettt et et et e e et a e e eaa s

DM54/74AS845 8-Bit Bus Interface D-Type Latches with TRI-STATE Outputs . .. .. .. e

DMb54/74AS846 8-Bit Inverting Bus Interface D-Type Latches
WIth TRISTATE OUIPULS . oottt ettt it it ittt et e et ie e e ee e e enaaanas

DM54/74AS873 Dual TRI-STATE 4-Bit TransparentDLatches. . ................. e

DM54/74AS874 Dual TRI-STATE 4-Bit Posmve-Edged -Triggered .
[ o o o o1

DMb54/74AS876 Dual 4-Bit Invemng Positive-Edge-Triggered DFlip-Flops . ... ......... e
DMb54/74AS878 Dual 4-Bit Positive-Edge-Triggered D Flip-Flops with SynchronousClear.........

DMb54/74AS879 Dual 4-Bit Inverting Positive-Edge-Triggered
D Flip-Flops with Synghronous Preset ... . e e e

DM54/74AS880 Dual 4-Bit Inverting TransparentDLatches . . .........c..vviiiiiiiinineennnn
DM54/74AS881B 4-Bit Arithmetic Logic Unit/Function Generator ..........................
DMb54/74AS1000 Quad 2-Input NAND DriVErsS . . ..o oot it i e ettt e e i as
DMB4/74AS1004 Hex INverting Drivers . . ... oottt e et en e i
DM54/74AS1008 Quad 2-Input AND Drivers .............. BN
DMb54/74AS1032 Quad2 -Input ORDrivers . ...... e e e
DM54/74AS1034 Hex Non-Inverting DIVETS . . . ... v uu ettt et e ieeeeieiaeenennes

DM54/74AS1036 Quad 2-INPUtNORDIVELS . . . ..t v vt iteaeteeeeeeieeneeanennss SO '

DM54/74AS2620 Octal TRI-STATE Inverting Bus Transceivers/MOSDrivers .............c..uu.
DM54/74AS2623 Octal TRI-STATE Bus Transceivers/MOSDrivers. .. .....covviiiiiiininnenn
DM54/74AS2640 Octal TRI-STATE Inverting Bus Transceivers/MOS Drivers . ..................
DM54/74AS2643 Octal TRI-STATE True and Inverting Bus Transceivers/MOS Drivers ............
DM54/74AS2645 Octal TRI-STATE Bus Transceivers/MOSDrivers. .. ......cocviiiiiiiinenn,
DM54/74L00 Quad 2-INPUt NAND GALES . . . .+« e et e e e et e e e e e e e e
DM54/74L01 Quad 2-Input NAND Gates with Open- CoIIectorOutputs e e e,
DM54/74L02Quad 2-Input NORGates . . ... ... iiiii i et e
DM54/741.03 Quad 2-Input NAND Gates with Open-CollectorOutputs ................... ..
DM54/74L04 HeX INVEIEIS . ... ittt e et e ettt ettt
DMb54/74L05 Hex Inverters with Open-CollectorOutputs . ... ... ccv i iin i i
DM54/74L08 Quad 2-INpUt AND Gates . . ... v ti it ittt ittt ittt e it e,
DM54/74L10 Triple 3-input NAND Gates ............ [
DM54/74L11 Triple 3-Input ANDGates . . ... e [,
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DM54/74L20 Dual 4-Input NAND Gates .. ...oiiii it ittt it iieiie e iieienannennns 7-21
DM54/741.26 Quad 2-Input NAND Buffers with High-Voitage Open-Collector Outputs ........ 7-23
DM54/74L.30 8-Input NAND Gate . . ... .oviiie it i i iee e ine i ean i 7-25
DM54/74L42A BCD to Decimal Decoder ..... e 727
DM54/74L51 Dual 2-Wide 2-Input AND-OR-INVERTGates .. .....coveinnieinnneenaenennn. 7-30
DM54/74L54 4-Wide AND-OR-INVERT GateS . ... vootie e teiieiiieiiienneenannnn 7-32
DM54/741.55 2-Wide 4-Input AND-OR-INVERTGates . ........covviiiiiiiinniiinenenn. . 7-34
DM54/74L71 AND-Gated Master-Slave R-S Flip-Flop with PresetandClear ................. 7-36
DM54/74L72 AND-Gated Master-Slave J-K Flip-Flop with PresetandClear ................. 7-39
DM54/74L.73 Dual J-KFlip-Flopswith Clear . . .. ... ittt i ein e eiian e 7-42
DM54/74L74 Dual Positive-Edge-Triggered D Flip-Flops with PresetandClear .............. 7-45
DM54/74L75A 4-BitBistableLatches ........c.oviiii it it iei e iiae e 7-48
DM54/74L78 Dual J-K Flip-Flops with Common Clearand CommonClock . .. ............... 7-51
DM54/74L.85 4-Bit Magnitude Comparators ... .....uuurinetne i iiiaeneeenenennns 7-54
DM54/74L86 Quad Exclusive-ORGates . .. ... couii ittt et et 7-57
DM54/74190 4-BitDecade CoUNter . ... v ittt ittt ittt it ittt 7-60
DM54/74L93 4-BitBinaryCounter . ... ..ot e i e 7-60
DM54/74L95 4-Bit Parallel AccessShiftRegister........ ...t iineenann. 7-66
DM54/74L98 4-Bit DataSelector/StorageRegister ...........oiiiiiiiiiiiiiiiiiin, 7-69
DM54/74L157A Quad2to 1 Line Data Selectors/ Multiplexers ........ ... il 7-72
DM54/74L164A 8-Bit Serial In/Parallel Out Shift Register with AsynchronousClear.......... 7-75
DM54/74L165A 8-Bit Parallel In/Serial Out Shift Register with

Complementary QUIPULS . ... vttt ittt ittt e et et ees i eaar e eeanreennns 7-78
DM54/74L.192 Synchronous 4-Bit Up/Down Decade Counter with DualClock ............... 7-82
DM54/74L193 Synchronous 4-Bit Up/Down Binary CounterwithDualClock ................ 7-82
DMB80L06 Quad 2-Input NAND Gate (PassivePull-Up) . .. .............. e . 789
DM70/80L98 Hex Inverting Buffers with TRI-SSTATEOQutputs .............ccoiiiiiiiinenn.. 791
DM71/81L22 Quad 2-Input Data Selector/Multiplexer. ....... ... cooiiiiiiii it 794
DM71/81L23 Quad 2-Input Data Selector/Multiplexer with TRI-STATE Qutputs .............. 7-94
DM75/85L51 4-Bit D Type Register with TRI-STATEOQutputs .........ccvviiiiiinin s, 7-100
DM75/85L52 Synchronous Decade Counter/Latch with TRI-STATEOutputs ................ 7-104
DM75/85L54 Synchronous Binary Counter/Latch with TRI-STATEOutputs ................. 7-104
DM75/85L60 Synchronous 4-Bit Up/DownBCDCounter .........c.coviiiiiiiinininnnnnns 7-111
DM75/85L63 Synchronous 4-Bit Up/Down BinaryCounter .. ........cooiieiinininnnnennnn. 7
DM76/86L70 8-Bit Serial In/Parallel Out Shift Register ......................oiialt, 7-118
DM76/86L75 Synchronous Presettable DecadeCounter ..........ccoviiiiiiininnnenn. 7-121
DM76/86L76 Synchronous Presettable BinaryCounter ...........ccoiiiiiiniiiianernann, 7-121
DM76/86L90 8-Bit Parallel In/Serial Out Shift Register with Complementary Outputs ........ 7-125
DM54/74LS00 Quad 2-Input NAND Gates . ......c.cuniiiiiiii it it ia e ens 45
DM54/74L.S01 Quad 2-Input NAND Gates with Open-CollectorOutputs .................... 47
DM54/74L.502 Quad 2-INnput NOR Gates . . . ..ot ittt i et e iiae e 49
DM54/74LS03 Quad 2-Input NAND Gates with Open-Collector Qutputs .. ............ e 4-11
DMB4/74LS04 HEX INVEIEIS . o oottt ettt et et e e 413
DM54/74LS05 Hex Inverters with Open-CollectorOutputs . . ............oviiiiiia., 4-15
DM54/74LS08 Quad 2-InpUut AND Gates . . ..o oot ie i it i e et et 417
DM54/74L809 Quad 2-Input AND Gates with Open- Collector Outputs ............ N 4-19
DM54/74LS10 Triple 3-INpUt NAND Gates . ......c.iivrn ettt ine e iinen i ieiacnnann 4-21
DM54/74LS11 Triple 3-Input AND Gates . . . ..ottt i e e e e 4-23
DM54/74L.S12 Triple 3-Input NAND Gates with Open-Col IectorOutputs .................... 4-25
DM54/74L.S13 Dual 4-Input Schmitt Tigger NANDGates . .. ....ccovviiiiii i ennn 4-27
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DM54/74LS14 Hex SChmitt Trigger INVEIErs . . . ... vt ue et e et e eeeieannns 4-30
DM54/74L.S15 Triple 3-Input AND Gates with Open-CollectorOutputs ..................... 4-33
» DM54/74L.S20 Dual 4-Input NAND Gates . ..o vvir ettt iiiii e i i iiianenreeneens 4-35
DM54/74LS21 DUl 4-INPULAND GAEES . . .« e e vt e e et e e e et e e e 4.37
DM54/74L.S22 Dual 4-Input NAND Gates with Open-CollectorOutputs. . . .........oovvnn... 4-39
DM54/74LS26 Quad 2-Input NAND Buffers with High-Voltage - :
Open-CollectorQutputs ............ ettt e i e it e, e 4-41
DM54/741.S27 Triple 3-Input NORGates . . .........covvvunn.. e e e 4-43
DM54/74LS30 8-Input NAND Gate. ...... R e e 4-45
DM54/74L.S32 Quad 2-InputORGates ............... e, e 4-47
DM54/74L.S37 Quad 2-Input NAND BUFfers . ......ciiuiiiiiiiii i ittt iinannennn 4-49
DM54/74L.538 Quad 2-Input NAND Buffers with Open- Collector Outputs . .................. 4-51
DM54/74L.S40 Dual 4-Input NANDBuffers ............cooiiiiiinn ... e e 4-53
DM54/74L.542 BCD to Decimal Decoder .......... e e e 4-55
DM54/74L.S47 BCD to 7-Segment Decoder/Driver with Open-Collector Qutputs ............. 4-58
DM54/74L.S48 BCD to 7-Segment Decoder/Driver with Internal Pull-Up Outputs ............. 4-58
DM54/74L.S49 BCD to 7-Segment Decoder/Driver with Open-Collector Outputs ............. 4.58
DM54/741.S51 Dual 2-Wide 2-Input AND-OR-INVERTGates .. ........coiiiiniiinininnnnns 4-67
DM54/74L.S54 4-Wide AND-OR-INVERTGates . .....ovviriniiiiiiiii i i e 4-69
DM54/74L.855 2-Wide 4-Input AND-OR-INVERTGates .......c...vvviiiineniennininnnns 4-71
DM54/74LS73A Dual J-K Negative-Edge-Triggered Flip-FlopswithClear. .................. 4-73
DM54/74LS74A Dual D Positive-Edge-Triggered Flip-Flops with Presetand Clear ........... 4.76
DMb54/74LS75 4-BitBistableLatches ........ ... e 4-80
DM54/74LS76A Dual J-K Negative-Edge-Triggered Flip-Flops with PresetandClear .. ....... 4-83
DM54/74LS77 4-BitBistableLatches .........c. i i i s 4-87
DM54/74LS78A Dual J-K Negative-Edge-Triggered Flip-Flops with
Common Clearand Common CIOCK . . ..o it iiii it i it e e i et ie e 490
DM54/74L.S83A 4-Bit Binary Adders withFastCarry ....... et eaeaairaraaeeaan 4-93
DM54/741.S85 4-Bit Magnitude Comparators . .. ...ttt iniaaaans 4-97
DM54/741.586 Quad EXclusive-ORGates . . ... oo vtei ittt iie i iii it .. 4101
DMb54/74L.S90Decade CoUNtEr. . .. ..o v it it it i i .. 4104
DM54/74LS92 Divide by 12C0UNTEY . ..ttt ittt e e e iy 4104
DM54/74LS93 4-Bit Binary CoUNter. ... ..ottt i ittt st ia i caca e 4-104
DM54/74L.S107A Dual J-K Negative-Edge- Trlggered Master-Slave Flip-Flops with Clear ... ... 4-116
DM54/74LS109A Dual J-K Positive-Edge-Triggered Flip-Flops with PresetandClear ......... 4-119
DM54/74LS112A Dual J-K Negative-Edge-Triggered Flip-Flops with PresetandClear . ... ... “ 4-122
DM54/74LS113A Dual J-K Negative-Edge-Triggered Flip-FlopswithPreset ................. 4-125
DMb54/74LS114A Dual J-K Negative-Edge-Triggered Flip-Flops o
with Preset, Common Clear,and Common Clock ........... ..., - 4-128
DM54/74L.5122 Retriggerable Monostable Multivibrators withClear .................... L 413
DM54/74L.5123 Dual Retriggerable Monostable MultivibratorswithClear-. . ................ 4-135
DM54/74L.S125A Quad TRI-STATEBuUffers ....... ... 4-140
DM54/74LS126A Quad TRI-STATEBUffers .......couiiiiiiii i i 4-143
DM54/74L8132 Quad 2-Input Schmitt Trigger NANDGates ..., .. 4146
DM54/74L.5136 Quad Exclusive-OR Gates with Open-CollectorOutputs ................. .. 4149
* DM54/74LS138 3to8Line Decoder/Demultiplexer ..........vuuiiniiiniiiiiiiin s 4-152
DM54/74L.S139 Dual 2to 4 Line Decoders/Demultiplexers. .. ..ot innnnnn 4-152
DM54/74L.S151 10f8Line Data Selector/Multiplexer ............. e, 4-158
DM54/74LS153 Dual 10f4 Line Data Selectors/Multiplexers............cooi it 4-162
DM54/74L.5154 4to 16 Line Decoder/Demuiltiplexer ................ e 4-165

DM54/74L.5155 Dual 2to 4 Line Decoders/1to4 Line Demultiplexers ...................... 4-168
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DM54/74L.S156 Dual 2 to 4 Line Decoders/1 to 4 Line Demultiplexers

with Open-Collector QUtPULS . ... ..ottt i e it it c e 4-168
DM54/74LS157 Quad 2to 1 Line Data Selectors/Multiplexers . ............ccoviiiinnnn. 4-173
DM54/74L.5158 Quad 2to 1 Line Inverting Data Selectors/Multiplexers .................... " 44173
DMb54/74LS160A Synchronous 4-Bit Decade Counter with AsynchronousClear ............ 4-178
DM54/74LS161A Synchronous 4-Bit Binary Counter with AsynchronousClear ............. 4-178

- DMb54/74L.S162A Synchronous 4-Bit Decade Counter with SynchronousClear.............. 4178
DM54/74LS163A Synchronous 4-Bit Binary Counter with SynchronousClear. .............. 4178
DM54/74L.S164 8-Bit Serial In/Parallel Out Shift Register with AsynchronousClear.......... 4-189
DM54/74L.S165 8-Bit Parallel In/Serial Out Shift Register with o

Complementary OUIPULS . ..ottt it et it et ettt aeae e taanaen e 4-192
DM54/741.5166 8-Bit Parallel or Serial In/Serial Ot Shift Register

with Complementary QUtPUES. . .. ..o i it et it a i 4-196
DM54/74LS168A Synchronous 4-Bit Up/Down Decade Counter. . ...........ueuevernnn... 4-200
DM54/74L.S169A ' Synchronous 4-Bit Up/Down BinaryCounter. ............coiiinaan., 4-200
DM54/74L.S170 4 by 4 Register File with Open-CollectorOQutputs..............oiivian... 4-208
DMb54/74L.S173A 4-Bit TRI-STATEDRegister ..., P, 4-212
DMb54/74LS174 Hex D Flip-FlopswithClear. ......... .. it 4-216
DM54/74L.S175 Quad D Flip-Flops with Clear and Complementary Outputs . . ............... 4-216
DM54/74L5190 Synchronous Up/Down Decade Counter with Mode Control .. .............. 4-221
DM54/74LS191 Synchronous 4-Bit Up/Down Binary Counter with Mode Control ............. 4-221
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Guide to Bipolar Logic
Device Families

Since the introduction of the first saturating logic bipolar
integrated circuit family (DM54/DM74), there have been
many developments in the process and manufacturing
technologies as well as circuit design techniques which
have produced new generations (families) of bipolar logic
devices. Each generation had advantages and disadvan-
tages over the previous generations. Today National pro-
vides six bipolar logic families.

TTL (DM54/DM74)
Low Power (DM54L/DM74L)
Low Power Schottky (DM54LS/DM74LS)
Advanced Low Power Schottky (DM54ALS/DM74ALS)
Schottky (DM54S/DM74S)
Advanced Schottky (DM54AS/DM74AS)

TTL LOGIC (DM54/DM74)

TTL logic was the first saturating logic integrated circuit .

family introduced, thus setting the standard for all the
future families. It offers a combination of speed, power
consumption, output source and sink capabilities suit-
able for most applications. This family offers the greatest

INPUT A

INPUT B

OUTPUT

FIGURE 1. DM5400/DM7400

variety of logic functions. The basic gate (see Figure 1)
features a multiple-emitter input configuration for fast

switching speeds, active pull-ip output to provide a low .

driving source impedance which also improves noise
margin and device speed. Typical device power dissipa-
tionis 10 mW per gate and the typical propagation delay is
10 ns when driving a 15 pF/4009Q load.

LOW POWER (DM54L/DM74L)

The low power family has essentially the same circuit con-
figuration as the TTL devices. The resistor values,
however, are increased by nearly tenfold, which results in
tremendous reduction of power dissipation to less than
1/10 of the TTL family. Because of this reduction of power,
the device speed is sacrificed. The propagation delays are
increased threefold. These devices have a typical power
dissipation of 1 mW per gate and typical propagation
delay of 33 ns, making this family ideal for applications
where power consumption and heat dissipation are the
critical parameters.

500Q
AAA
VVv-

INPUT A
INPUT B

N

OUTPUT

FIGURE 2. DM54L00/DM74L.00
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Guide to Bipolar Logic Device Families

LOW POWER SCHOTTKY (DM54LS/DM74LS)

The low power Schottky family features a combined
fivefold reduction in current and power when compared to
the TTL family. Gold doping commonly used in the TTL
devices reduces switching times at the expense of current
gain. The LS process overcomes this limitation by using a
surface barrier diode (Schottky diode) in the baker clamp
configuration between the base and collector junction of
the transistor. In this way, the transistor is never fully
saturated and recovers quickly when base drive is inter-
rupted. Using shallower diffusion and soft-saturating
Schottky diode clamped transistors, higher current gains
and faster turn-on times are obtained. The LS circuits do
not use the multi-emitter inputs. They use diode-transistor
inputs .which are faster and give increased input break-
down voltage; the input threshold is ~0.1V lower than TTL.
Another commonly used input is the vertical substrate
PNP transistor. In addition to fast switching, it exhibits
very high impedance at both the high and low input states,
and the transistor’s current gain (B) significantly reduces
input loading and provides better output performance.
The output structure is also modified with a Darlington
transistor pair to increase speed and improve drive capa-
bility. An active pull-down transistor (Q3) is‘incorpor'ated

Vee

INPUT A

INPUT B

FIGURE 3. DM54LS00/DM74LS00

to yield a symmetrical transfer characteristic (squaring
network). This family achieves circuit performance
exceeding the standard TTL family at fractions of its
power consumption. The typical device power dissipation
is 2 mW per gate and typical propagation delay is 10 ns
while driving a 15 pF/2 k@ load.

SCHOTTKY (DM54S/DM74S)

This family features the high switching speed of un-
saturated bipolar emitter-coupled logic, but consumes
more power than standard TTL devices. To achieve this
high speed, the Schottky barrier diode is incorporated as a
clamp to divert the excess base current and to prevent the
transistor from reaching deep saturation. The Schottky
gate input and internal circuitry resemble the standard
TTL gate except the resistor values are about one-half the
TTL value. The output section has a Darlington transistor

"pair for pull-up and an active pull-down squaring network.

This family has power dissipation of 20 mW per gate and
propagation delays three times as fast as TTL devices
with the average time of 3 ns while driving 15 pF/2800 load.

INPUT A

INPUT B

FIGURE 4. DM54S00/DM74S00
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ADVANCED LOW POWER SCHOTTKY
(DM54ALS/DM74ALS)

The advanced low power Schottky family is one of the
most advanced TTL families. It delivers twice the data
handling efficiency and still provides up to 50% reduction
in power consumption compared to the LS family. This is
possible because of a new fabrication process where
components are isolated by a selectively grown thick-
.oxide rather than the P-N junction used in conventional
processes. This refined process, coupled with improved
circuit design techniques, yields smaller component
geometries, shallower diffusions, and lower junction
capacitances. This enables the devices to have increased
frin excess of 5 GHz and improved switching speeds by a
factor of two, while offering much lower operating
currents. .

In addition to the pin-to-pin compatibility of the ALS fami-
ly, alarge number of MSI and LSI functions are introduced
in the high density 24-pin 300 mil DIP. These devices offer

the designers greater cost effectiveness with the advan-
tages of reduced component count, reduced circuit board
real-estate, increased functional capabilities per device
and improved speed-power performance.

The basic ALS gate schematic is quite similar to the LS
gate. It consists of either the PNP transistor or the diode
inputs, Darlington transistor pair pull-up and active pull-

down (squaring network) at the output. Since the shal-

lower diffusions and thinner oxides will cause ALS
devices to be more susceptible to damage from electro-
static discharge, additional protection via a base-emitter
shorted transistor is included at the input for rapid
discharge of high voltage static electricity. Furthermore,
the inputs and outputs are clamped by Schottky diodes to
prevent them from swinging excessively below ground
level. A buried N* guard ring around all input and output
structures prevents crosstalk. The ALS family has a typi-
cal power dissipation of 1 mW per gate and typical propa-
gation delay time of 4 ns into a 50 pF/2 kQ load.

Vee
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ADVANCED SCHOTTKY (DMS54AS/DM74AS)

This family of devices is designed to meet the needs of the
system designers who require the ultimate in speed. Utiliz-
ing Schottky barrier diode clamped transistors with shal-
lower diffusions and advanced oxide-isolation fabrication

- techniques, the AS family achieves the fastest propagation
delay that bipolar technology can offer. The AS family has
virtually the same circuit configuration as the ALS family. It
has PNP transistor or diode inputs with electrostatic pro-
tection base-emitter shorted transistors. The output totem-
pole consists of a Darlington pair transistor pull-up and an

- active pull-down squaring network. The inputs and outputs
are Schottky clamped to attenuate critical transmission
line reflections. In addition, the circuit contains the “Miller
Killer” network at the output section to improve output rise
time and reduce power consumption during switching at
high repe ition rates. The AS family yields typical power
dissipation of 7 mW per gate and propagation delay time of
1.5 ns when driving a 50 pF/2 kQ load.

SELECTING A FAMILY

Two factors should be considered when choosing a logic
family for application, speed and power consumption.
New logic families were created to improve the speed or
lower the power consumption of the previous families. The
following tables rate each family.

<
® 10k
<
<
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INPUT B

2«
<

Speed Power Consumption
Fastest AS Low L
S ALS
ALS LS
LS AS
TTL TTL
Slowest L High S
Vee
3 50k 26
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FIGURE 6. DM54AS00/DM74AS00

1-6




o
Bipolar Logic Family Electrical Characteristics Over Operating Temperatures g_
TTL L-TTL LS ALS S AS Units 3
DM5400/DM7400 o
2-Input NAND toLn” 1 35 8 4 3 25 ns i)
[ 7 31 8 4 3 15 ns .8
" 12 66 13 10 6 5 ns &
" 5 30 3 6 3 3 ns =
lon ~400 —-200 - 400 - 400 —1000 - 2000 pA rO-
Mil/Com loL 16 2/36 4/8 4/8 20 20 mA «Q
Iin 40 10 20 20 50 20 pA a
e -16 -0.18 -0.36 -0.20 -2 -0.50 mA o
Min los -20 -3 -20 ~30 —-40 -30 mA 2 .
Max los ~100 -15 -100 -112 -100 -112 mA o
lcch 8 0.8 1.6 0.85 16 3.2 mA o®
lcoL 22 2.04 44 3.0 36 16.1 mA )
Mil VoH 24 2.4 25 Vee—-2 25 Veg -2 \ o
Com Vou 24 24 2.7 Vec-2 27 Vec—-2 \ §
Mil VoL 0.4 0.3 0.4 0.4 05 0.5 \ =
Com VoL 0.4 0.4 05 05 05 05 v 2
Vin 2 2 2 2 2 2 \
Mil Vi 0.8 0.7 0.7 0.8 0.8 0.8 v
Com Vi 0.8 0.7 08 0.8 0.8 0.8 \'
\A -15 N/A -15 -15 -1.2 -1.2 v
Mil NM-H 400 400 500 500 500 500 mvV
Com NM-H 400 400 700 700 700 700 mv
Mil NM-L 400 400 300 400 400 300 mV
Com NM-L 400 300 300 300 300 300 mv
Gate Power x 100 20 20 4 60 30 pJ
Delay Product
DM5474/DM7474
D Flip-Flop [T 14 50 17 5 8 6 ns
(CLK to Q) [ 20 60 22 8 9 6 ns -
(PS or toun" 14 40 17 7 6 45 ns
CLRto Q) ter” 20 60 22 10 12 6 ns
(CLK HI) tw 30 75 25 12 8 4 ns
(PS or tw 30 75 20 15 9 4 ns
CLR LOW)
tseT.up 20 50 25 15 3 3/12 ns
tHoLp 5 15 0 0 2 21 ns
t 13 64 9 17 4 5 ns
" .6 19 6 9 3 3 ns
fmax 25 " 33 34 95 125 MHz
lon - 400 —200 ~ 400 - 400 -1000° —2000 A
Mil/Com loL 16 2/3.6 4/8 4/8 20 20 mA
(CLKID) iy 80/40 20/10 20 20 100/50 20 rA
(PS/CLR) hH 40/120 20/30 40 40 100/150 40 A
. (CLK/D) I -3.2/-16 -0.36/-0.18 -04 -0.2 -4/-2 -05 mA
(PSI/CLR) I -16/-3.2 -0.18/-0.368 -08 -04 —4/-6 -1.0 mA
Min log —-20/-18 -3 -20 -30 -40 -30 mA
Max los -55 -15 -100 -112 -100 -112 mA
lec 15 3 8 4 50 16 mA
Mil Von 2.4 24 25 Vee—-2 25 Vec-2 \
Com Vou 24 24 2.7 Vec -2 2.7 Veg—-2 v
Mil VoL 0.4 0.3 04 0.4 0.5 0.5 V'
Com VoL 04 0.4 0.5 0.5 0.5 0.5 v
Vin 2 2 2 2 2 2 v
Mil/Com ViL 0.8 0.7 0.7/0.8 0.8 0.8 0.8 \
Vi -15 N/A -15 ~-15 -1.2 -12 v
Mil NM-H 400 400 500 500 500 500 mv
Com NM-H 400 400 700 700 700 700 mv
Mil NM-L 400 400 400 400 300 300 ‘mv
Com NM-L 400 300 300 300 300 300 mvV
Note: See Test Waveforms in this section for loading conditions. t; and t; are measured from 10% to 90% of waveform.
Note: NM-H is noise margin high. NM-L is noise margin low.
“Typical values. Other values are limit values.
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Bipolar Logic Family Output Source/Sink Capability: 54/74 Families

Output T L-TTL LS ALS s AS . Units
Standard Mil lon -04 -02 -04 -04 -1 -2 mA
Com -04 -0.2 -04 -04 -1 -2 mA

Mil . oL 16 2 4 4 20 20 mA

Com 16 3.6 8 8 20 20 mA

Buffered Mil loH -0.8 -0.2 -04 - -1 -12 mA
Com -08 -0.2 -04 -26 -1 -15 mA

Mil loL 16 2 4 12 20 32 mA

Com 16 3.6 8 24 20 48 mA

Bus Driver Mil lon -2 N/A - -12 -2 —-48 mA
Com -5.2 N/A -26 -15 -6.5 -48 mA

Mil loL . 32 N/A 12 12 20 40 mA

Com 32 N/A 24 24-48 20 48 mA

Fan-In and Fan-Out

TTL L-TTL LS ALS S AS Units
Input Load: High 1 025 05 0.5 1.25 05 uL
Low 1 0.1125 0.225 0.125 1.25 0.3125 U. L
Output Drive: High 10 2.25 5 5 125 125 U. L
Low 10 5 10 10 25 50 U. L

Note: UNIT LOAD (U. L.) Standard is referenced with respect to standard TTL device loading. It is defined as:

1U. L. =40 4A (HIGH STATE)
1U.L.=1.6 mA (LOW STATE)




IC Device Testing

Understanding the intent and practice of IC device testing
is vital to insuring both the quality and proper usage of in-
tegrated circuits. All National Semiconductor data sheets
list the AC and DC parameters with min and/or max limits,
along with forcing functions. Understanding when a part
fails the limit, and which forcing functions are really
tighter, is critical when determining if an IC device is good
or bad.

All of National’s databook parameters are defined and
guaranteed for “worst-case testing.” Input loading cur-
rents (fan-in) are tested at the input and V¢ levels that
most increase that loading, while the output drive
capability (fan-out) is tested at the input and Vg levels
that most decrease that capability. I is tested with the
input conditions and V¢ level that yield the greatest Igg
value, and Vg amp is tested such that the negative voltage

is maximized for the given clamp current. The fan-in and.

fan-out specs are contained in the iy, loy and Iy, loL
values. To guarantee these fan-in and fan-out limits at 10,
the lg; must be at least 10 times the I, and the Igy must be
at least 10 times the ||y. Be aware that the fan-in and fan-
out specifications are valid only within a given device
family. The standard input loading and output drives are
shown in Table 1.

Notice that the Ig is at least 10 times the I;_and that the
low is greater than 10 times the I;4. Also notice that these
are “standard” drive and load currents for single sink out-
puts and inputs. Certain devices may have multiple load
inputs where the input line goes to several input struc-
tures and has, say, 2 or 3 times the normal |, and |y

loading. Certain other devices will have “triple sink” out-
puts that can drive 3 times the standard I, and lpy cur-
rents. These devices are generally bus drivers, or drivers
intended to drive highly capacitive loads. Finally, there are
certain devices that have PNP inputs that reduce the I)_
loading to typically —200 nA, thus allowing an increased
DC fan-in of 20. One must therefore be careful when inter-
facing many different types of devices, even in the same
family, and not simply go the “fan-out of 10” rule.

When dealing with any kind of device specification, it is
important to note that there exists a pair of test conditions
that define that test: the forcing function and the limit.
Forcing functions appear under the column labeled “Con-
ditions” and define the external operating constraints
placed upon the device tested. The actual test limit
de-fines how well the device responds to these con-
straints.For example, take the parameter Vopymin) for the
DM74LS00. It is tested at Vegiminy =4.75V commercial,
using an lgy = — 400 pA. If we required an lgy = — 800 xA,
this would be a “tighter” test, as the output voltage drops
with increased lpy. Hence, a device that would pass
the — 800 pA loy would also pass the — 400 xA loy, but not
necessarily’ the other way around. Furthermore, Vgy
tracks with Vg, which is why Vgemin is the worst-case
testing, and not Vcgmax. Finally, forcing inputs to
threshold represents the most difficult testing because
this puts those inputs as close as possible to the actual
switching point and guarantees that the device will meet
the Viu/V)_ spec.

TABLE I. Fan-In/Fan-Out

Bunsay ad1n8q Ol

Device Family Input Loading Output Drive
TTL |”_= ~1.6 mA |0L=16 mA
=40 pA lon= — 400 xA
Low Power liL= —400 A loL=4 mA (Mil)
Schottky ) loL=8 mA (Com)
hn=20 pA lon= —400 pA
‘Advanced Low L= ~100 xA loL=4 mA (Mil)
Power Schottky loL=8 mA (Com)
=20 pA lon= —400 pA
Schottky le=-2mA lo,=20 mA
||H=50[I.A |0H= —1mA
Advanced = —500 yA lo =20 mA
Schottky =20 pA lon= -2 mA
Low Power L= —180 pA loL=2 mA (Mil)
lor=3.6 mA (Com)
liy=10 wA lon= —200 pA
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IC Device Testing

Tables Il and Il show the “direction” of the looser/tighter
testing for most common DC parameters. Notice that one
can tighten either the forcing function or the limit, or both.
Tightening either one is sufficient to insure a tighter test.
Also notice the difference between max and min limits.
For lpg (double-ended limits), even though —20 mA is
more positive than —100 mA, and is mathematically the

max limit, the magnitude of the number is the determining
factor when deciding which is the max limit. The negative
sign simply implies the direction that the current is going,
with a negative current leaving the device, and a positive
current entering the device. Table Il shows the direction of
tighter forcing functions, while Table Il shows the direc-
tion of tighter limits.

TABLE II. Looser/Tighter Forcing Functions Example: DM74LS00

Condition Test Looser Nominal Tighter Units
IIK VIK -17 -18 -19 mA
loH Vou - 350 ~ 400 — 450 pA
IOL VOL 3 ’ 4 5 mA
V| N 6.5 7 75 \
Vin M 2.6 2.7 2.8 v
ViL [ 05 0.4 0.3 \
Vo los 0.1 0.0 -0.1 v .
Voo lec 5.0 5.5 6.0 \'

)
TABLE lll. Looser/Tighter Test Limits Example: DM74LS00
Parameter Looser Nominal Tighter Units

ViH(min) 2.1 2.0 19 v
ViLmax) 0.7 0.8 0.9

Vik(max) -16 -15 -1.4 v
VoH(min) 26 2.7 2.8 .V
Voumax) 0.6 0.5 0.4 \'
lieniny 6.5 7.0 7.5 \"
‘IH(max) 50 40 30 [lA
himax) —450 - 400 -390 A
los(max) -110 -100 -90 mA
IOS(mIn) -10 -20 -30 mA
lCCH(max) 1.7 1.6 15 mA
ICCL(max) 4.5 4.4 4.3 mA




Following are the test set-ups that are used to test the DC
parametrics. In each case, the gate connection, equiv-

_ alent circuit schematic and resultant voltage/current plot
are shown.

The indicated graphs are typical of LS products and are
similar to other bipolar logic families. The schematics
shown are for single inversion devices and represent
generalized circuits.

OUTPUT VOLTAGE LOW LEVEL (Vq,)

‘Both inputs are connected to logic 1" values (assuming
an inverting gate) and forced at the Vi spec. Voo
minimum is used, and lg_ is forced on the output. The

VOL Vs |0|_
Typical LS Device Curve

20
-
//

16
- 1
T loL VoL
Z s Mil:  40mA 040V
- / Com: 80mA  0.50V

4

0 /

0 02 04 06 08 1.0 1.2 1.4

Vo (V)
TLIFI6731-1

Vee =MIN

in msu{,

lou

TLIFIB731-2

Vee = MIN

lov

Vin
HIGH

TLIFIB731:3

resulting Vg is measured. For typical LS products, the
military and commercial test points are indicated on the
VoL vs loL graph. In each case, the device must not exceed
the Vo, spec when the lo_current is being forced.

OUTPUT VOLTAGE HIGH LEVEL (Vgy)

One input is tied high (any value above 2.0V) and the other
input is forced at the V_threshold (assuming a single in-
version gate). The minimum V¢ value is used. Each input
is tested independently and the Igy current is forced. The
resulting Vop is measured. The Voy vs Ioy graph shows
the military and commercial Vou/loy test points for stand-
ard LS products.

VOH Vs lOH
Typical LS Device Curve

g loH VoH
= Mil: —4004A 25V
Com: —4004A 2.7V

24 26 2.8 3.0 3.2 34 3.6 338

Vou (V)
TLIF/6731-4

Vec=MIN

lon

VIN
Low

TLIFIB731-5

Vec=MIN

TLIFI6731-6
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IC Device Testing

INPUT CURRENT HIGH LEVEL (l,y)

li tests the input leakage in the high state. For MET,
diode, and PNP inputs, the test set-up consists of all in-
puts except the one under test tied high (greater than V).
The remaining input has the V) value forced upon it, and
the resultant I is measured. This test checks for emitter-
to-collector inverse transistor action for MET inputs, and
reverse bias leakage for diode and PNP inputs.

For MET inputs, there is also an additional set-up for ||y
testing that checks for emitter-to-emitter transistor ac-
tion. This is done with all the other inputs tied to ground.

MAXIMUM INPUT CURRENT (l))

1, or BV, testing is the same as the emitter-to-collector
leakage test (I;y) and guarantees that the input will not
pass more than the specified current at the stated specifi-
cation (100 xA at 7V for LS). ’

IIN vs V|N (ngh State)
Typical LS Device Curve
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15

TLIFI6731-11

= i1 VIH
z 5 : 20 4A 2.7V
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Vec =MAX .
- Ve =MAX
Vin
¢ - = ViN
TLIFiB731-8
Vo =MAX

[T

Y
TR

= qurerate

INPUT CURRENT LOW LEVEL (1)

Oneinputata time is tested with the other inputstiedtoa
solid “1” value. V¢ is set to the maximum value and the
V| value is forced. I_is then measured.

[_\/_(:_C_:(L_____II."'VBE)] Standard Inputs

R1
Voo — \%
I [w—(;——w Diode Inputs
Vec—(ViL+V
L= [—C‘%'—XLB—BQ] PNP Inputs

Ij_ is intended to measure the value of the base pull-up
resistor on the input, and to guarantee the maximum input
load an IC presents.

Iin vs V|n (Low State)
Typical LS Device Curve
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OUTPUT SHORT CIRCUIT CURRENT (lps)

los is measured with Vocmax) and the OV forced on the out-
put while it is in the high state. The resultant current is
measured. The purpose of this test is to check the lpg
resistor that forms the Darlington’s collector pull-up. This
parameter is important as it reflects both the maximum
current the device will draw and the maximum drive it will
provide when it is switching from low to high.

Caution must be taken when measuring TTL, LS and S out-
puts as the power dissipated on the die will be substantial.
los shorts should not be maintained in excess of one sec-
ond or damage to the device may result.

Vo vs lgs
Typical LS Device Curve
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SUPPLY CURRENT HIGH LEVEL (Iccy) AND SUPPLY
CURRENT LOW LEVEL (Igc,)

Both Igcy and Igg,. are tested using the Voo maximum
value. The inputs are set to the values necessary to
achieve the output in the desired state. All outputs are left
open, neither sourcing nor sinking current. The goal of this
test is to guarantee the maximum quiescent operating
power that the device will draw.

lccL vs Vee
Typical LS Device Curve

25
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g ! / Ice Volts
810 / 1.6 mA 5.25V
2 1. e
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LOGIC *1”
AND OPEN
LOGIC 0"
= s
Ve =MAX

<
lecL

= TuFerae

Bunsa) aanaq 9l




IC Device Testing

INPUT CLAMP VOLTAGE (V;c OR Vi)

Veiamp (Vik) is measured with all but one input tied high
and the |k current forced on the remaining input. Vg is
set to the minimum and the V| voltage is measured.

OUTPUT TRI-STATE CURRENT HIGH LEVEL (lozy) AND
OUTPUT TRI-STATE CURRENT LOW LEVEL (loz1)

TRI-STATE Ig)nk and Isoyrce are measured with the output
control input tied to the appropriate threshold value

- (usually Vi = 0.8V) and with Vggmax) This is to insure that

the output will have the greatest drive capability and the

TLIFI6731-22

TRI-STATE® control can effectively “turn off” the output
under these conditions.

TRI-STATE Ignk: Output is set in the high state and then
TRI-STATE mode. Voz =0.4V is then applied. The current
drawn out of the device is then measured.

TRI-STATE Igoyrce: Output is set in the low state and then
TRI-STATE mode. Vozy=2.7V is then applied. The current:
drawn into the device is then measured.

lozn vs Vozu
(TRI-STATE Isource):
loz vs VozL
Verame v lcLamp (TRI-STATE Ig;nx)
Typical LS Device Curve Typical LS Device Curve
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. /F "
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HIGH LEVEL OUTPUT CURRENT (OPEN-COLLECTOR
DEVICES ONLY)

Icex is tested with the output in the high state. Vg is set to
5.0V and the specified voltage (5.5V for LS) is applied to the
output. The inputs are at the threshold values (0.8V and
2.0V, depending upon the logic to put output in the high
state) and the resulting Igex leakage current is measured.

Icex vs Vour
(Open-Collector Device)

Typical LS Device Curve
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AC SWITCHING CHARACTERISTICS

The AC switching characteristics are generally measured in
units of time (commonly in nanoseconds), and define how
long it takes for the signal to propagate from the input to the
output. The definitions used in determining the pass/fail
status of each limit are not the same for AC as they are for
DC. The distinction lies in the fact that for DC operation
there exists one characteristic V-l curve on which the device
must operate. Devices are good if they operate on the cor-
rect side of the limit, and bad if they operate on the wrong
side of the limit. When dealing with certain AC parameters
(fmax: tseTup thoLp: tReLEASE: tpw), the device can, and
usually does, operate on both sides of the databook limit.
The limit really implies a boundary that all devices are
guaranteed to exceed. Depending upon the parameter, the
device will either operate at all values above and some
below the limit, or it will operate at all values below and
some above the limit. In each case, the device is only
guaranteed to operate for all values on one side of the limit.
Although the device will also operate beyond the limit, it is
not guaranteed to. Furthermore, device operation beyond
the limit is not considered a failure. For instance, take the
fmax parameter with a min limit of 25 MHz. All devices are
guaranteed to operate at all frequencies below 25 MHz and
will operate in excess of 26 MHz, although this is not
guaranteed. Now, take the example of tger.yp with a
minimum limit of 25 ns. All of the devices are guaranteed to
operate with a set-up time of 25 ns and longer, and will
operate with set-up times below 25 ns, although this is not
guaranteed either. Be aware that both of these specifica-
tions are listed in the minimum column in the databook, but
the interpretation of what is failing differs significantly.

Propagation delays (called prop delays and denoted by
the symbols tpy and tp ) are specified as maximum
limits, and guarantee the maximum time one must wait to
insure that the correct data has appeared at the device’s
output. Prop delay specifications often show “typical”
limits. These “typical” limits are representative of the
general distribution of a manufacturer and not of any one
lot of product purchased. Each propagation delay is
specified from one input to one output only.

Input set-up and hold times (including tre ease) specify

" how long one input must be stable at a particular logic

level prior to an action occurring at another input. For ex-
ample, take the DM54/74L.S74 positive-edge-triggered D
flip-flop. The ‘“‘set-up 1” specification defines how long a
logic “1” must be present and stable at the DATA input
prior to the positive edge of the CLOCK to insure that the
device will recognize that dataas a“1.” There also exists a
“hold 1” specification which specifies how long a logic
“1" must be held after the active edge of CLOCK for the
device torecognize that logic “1.” Both the set-up and hold
times must always be met or the device will not necessar-
ily bring in the proper data. Set-up times are generally
positive, while hold times may be either positive or nega-
tive, usually negative. The meaning of a negative hold time
is that the data may be removed from the input prior to the
active edge of CLOCK, and the CLOCK will still bring in the
desired data. Set-up and hold times are specified as
minimum values, since this defines the minimum time
data must be stable prior to any change at the CLOCK in-
put. Removing the data sooner than the minimum time
may cause improper action on the part of the device.

Bunsa] ad1naQg |




IC Device Testing

treLEAsE IS specified on devices where there is an input
that must be set inactive prior to the active edge of
CLOCK. Such inputs are usually overriding inputs like
CLEAR and PRESET. With CLEAR active, it will prevent the
device from switching on the CLOCK signal. trg gase iS
defined as the time it takes for the CLEAR input to
“release” the device for clocking action, and is specified
as a minimim. This represents the maximum delay re-
quired between CLEAR going inactive and the active edge
of CLOCK to insure proper device operation.

All devices that have a CLOCK input also have a specifica-
tion that defines the maximum speed-that the CLOCK can
be driven, called fyax. This specification is defined as a
minimum specification and states that all of the devices
will be able to operate at frequencies up to 25 MHz. For the
DM54/74LS74 with an fyyax of 25 MHz, all of the devices are
guaranteed to operate at all clock frequencies, up to and
including 25 MHz. Although no devices are guaranteed to

operate above fyax (only below it), most devices will
operate beyond the maximum specification. The
minimum limit does not state that the device will not
operate below fyax or that any devices that do are bad, but
rather that all the devices will operate up to the limit.

Table IV shows the direction of the tighter testing for the
more common AC parameters. All prop delays (those AC
parameters that have the symbols tp } or tpy ) have sim-
ple min/max limits. The device is guaranteed to operate
within the bounds of the min/max limits, and any opera-
tion outside these limits denotes a device failure. tger.yp,
tHoLDs fMAX: and tpg ease parameters have limits that
denote guaranteed operation boundaries (i.e., the device
is guaranteed to operate up to the boundary) but no
guarantee is made concerning the device operation (or
lack of it) beyond the boundary.

For detailed information on the AC waveforms, please see
the test waveforms in this section.

- ’ TABLE IV. Looser/Tighter AC Test Limits Example: DM74LS74

Test From Looser Nominal Tighter Units
[— , 24 25 26 MHz
tPLH(max) CLR, PRE, CLK 26 25 24 ns
tPHLmax) CLR, PRE, CLK 31 30 29 ns
twiminy CLOCK HIGH 21 20 19 ns
tw(min) PRE, CLR LOW 26 25 24 ns
tSET-UP(min) DATA HIGH 21 20 19 ns
tSET-UP(min) DATA LOW 21 20 19 ns
tHOLD(mIn) All DATA 1 0 —.1‘ ns
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Glossary of Terms

DC Operating Conditions and Characteristics

GENERAL DEFINITIONS

I: Current is the flow of electric charge from one poten-
tial to another through a conductor. The unit of measure
is the Ampere, or Amp, abbreviated A. One Amp is equal
to the current flowing through one ohm of resistance
when one volt is applied across that resistance. Common
units found in the semiconductor industry are the milli-
ampere, abbreviated mA, equal to 0.001 A and the micro-
ampere, abbreviated pA, equal to 0.000001A. Negative
current is defined as current flowing out of a device ter-
minal and positive current is defined as current flowing
into a device terminal.

V: Voltage, or the electromotive force which causes cur-
rent to flow through a conductor. One Ampere of current
flowing through one ohm of resistance develops a poten-
tial difference of one volt across that resistance. The unit
of measure is the Volt, abbreviated V, and a common unit
is the millivolt, abbreviated mV, equal to 0.001V.

INPUT CURRENT PARAMETERS

I} Maximum High Level Input Current: Current flowing
into an input when that input has the maximum voltage
specified for the family applied to it. This test is used to
guarantee the minimum reverse breakdown voltage of
the input structure.

lin High Level Input Current: The current flowing into an
input when that input has a high level voltage equal to
the minimum high level output voltage specified for the
family. This test is used to check the emitter-to-emitter
leakage and the inverse transistor action of a multi-
emitter transistor input, the input leakage of a diode,
PNP transistor, or C-B short type of input, and to guaran-
tee the fan-in specified for the family.

lik Input Clamp Current: The current flowing out of an
input when that input is pulled below ground. This test is
used to guarantee the integrity of the input clamp diode.
The input clamp diode is used to limit the voltage swings
on the input by clamping the negative excursions to a
level equal to one diode drop below ground. This serves
to reduce ringing on an incoming signal. Pulling the input
below ground for an extended length of time can cause
parasitic transistor action to occur between adjacent
tanks on the die which can cause erroneous data to oc-
cur on the outputs of the device. To prevent this, voltages
on the inputs during operation (other than high speed
ringing) should be limited to no more than 0.5V below
ground at all times.

i Low Level Input Current: The current flowing out of
an input when a low level voltage equal to the maximum
low level output voltage specified for the family is ap-
plied to the input. This test is used to check the input
pullup resistor on an MET or a diode input and to guaran-
tee the specified fan-in of the family.

Ir+ Current at Positive-Going Threshold Point: The cur-
rent flowing out of a transition-operated (Schmitt trigger)
input when a voltage equal to the positive going thresh-
old voltage is applied to the input.

Iy — Current at Negative-going Threshold Point: The cur-
rent flowing out of a transition-operated (Schmitt trigger)
input when a voltage equal to the negative going thresh-
old voltage is applied to the input. :

OUTPUT CURRENT PARAMETERS

Icex Output Leakage Current: The current flowing into
an open collector output when input conditions have
been applied that, according to the product specifica-
tion, will cause the output to be in the logic high state.
This test checks the reverse breakdown of the output
transistor.

lo(off) Off-State Output Current: The current flowing
into an output with input conditions applied that, accord-
ing to the product specification, will cause the output
switching element to be in the off state.

NOTE: This parameter is usually specified for open col-
lector outputs intended to drive devices other than logic
circuits, such as displays. Any leakage current applied to
a display may cause the display to be activated.

lon High Level Output Current: The current flowing out
of an output with input conditions applied that, accord:
ing to the product specification, will establish a logic
high level at the output. This test guarantees the current
sourcing (drive) capability of the output and the fan-out
specified for the family.

lo. Low Level Output Current: The current flowing into
an output with input conditions applied that, according
to the product specification, will establish a logic low
level at the output. This test guarantees the current sink-
ing capability of the output and the fan-out specified for
the family.

los Output Short-Circuit Current: The current out of an
output when that output is shorted to ground, or another
specified potential, with input conditions applied that,
according to the product specification, will establish a
logic high level at the output.

loz High-lmpedance State Output Current: These tests
guarantee that the device will not excessively load a bus
line when the device output is put into the TRI-STATE®

mode.

lozn (or Ig;nk): The current flowing into an output with in-
put conditions applied to the output control pin such that
the output is in the high impedance state and input condi-
tions applied to the other inputs that, according to the
product specification, will establish alogic low level at the
output.

lozL (orlsource): The current flowing out of an output with
input conditions applied to the output control pin such
that the output is in the high impedance state and input
conditions applied to the other inputs that, according to
the product specification, will establish a logic high level
at the output.
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Glossary of Terms

DC Operating Conditions and Characteristics continueq)

SUPPLY CURRENT PARAMETERS

lccn Supply Current (outputs in the high state): The cur-
rent flowing into the V¢ terminal of a device with input
conditions applied that, according to the product specifi-
cation, will establish a logic high level at the output(s).

lccL Supply Current (outputs in the low state): The cur-
rent flowing into the V¢ terminal of a device with input
conditions applied that, according to the product specifi-
cation, will establish a logic low level at the output(s).

lccz Supply Current (outputs in the high-impedance
state): The current flowing into the Vgg terminal of a
device with input conditions applied that, according to the
product specification, will establish a high impedance
state at the output..

INPUT VOLTAGE PARAMETERS

BViy Input Breakdown Voltage: The maximum voltage
that the device is guaranteed to be able to withstand with-

_out exceeding the maximum input current specification.

Ve Input Forward Voltage: The voltage applied to the in-
put of a device that causes the input structure to become
forward biased; usually equal to the maximum output low
voltage specified for the family.

V|4 High Level Input Voltage: The minimum positive
voltage level that can be applied to an input terminal of a
device and be recognized as a logic high level.

Vik Input Clamp Voltage: The input clamp voltage
specification checks the quality of the input diode whose
purpose is to damp out ringing. This is not intended to be
an operating condition and if this voltage is allowed to per-
sist for any length of time, parasitic transistor action will
occur between adjacent geometry tanks and circuit per-
formance will be degraded, in some cases to the point of
failure. .

Vi Low Level Input Voltage: The maximum positive
voltage level that can be applied to an input terminal of a
device and be recognized as a logic low level.

Vg Input Reverse Voltage: The voltage applied to an in-
put of a device that causes the input structure to become

reverse biased; usually equal to the minimum high level
output voltage specified for the family.

Vr+ Positive-Going Threshold Voltage: The voltage
level at a transition-operated (Schmitt trigger) input that
causes operation of the logic element according to speci-
fication as the input voltage rises from a level below the
negative-going threshold voltage, V1 —.

Vr— Negative-Going Threshold Voltage: The voltage

- level at a transition-operated (Schmitt trigger) input that

causes operation of the logic element according to speci-
fication as the input voitage falls from a level above the
positive-going threshold voltage, V1 +.

OUTPUT VOLTAGE PARAMETERS

Von High Level Output Voltage: The voltage at an out-
put terminal with input conditions applied that, accord-
ing to the product specification, will establish a high
level at the output. '

VoL Low Level Output Voltage: The voltage at an output
terminal with input conditions applied that, according to

- the product specification, will establish a low level at the

output. :

Vo(off) Off State Output Voltage: The voltage at an out-
put termina) with input conditions applied that, accord-
ing to the product specification, will cause the output
switching element to be in the off state.

NOTE: This characteristic is usually specified only for
outputs without internal pull-up elements intended for
driving devices other than logic circuits.

Vo(on) On State Output Voltage: The voltage at an out-.
put terminal with input conditions applied that, accord-
ing to the product specification, will cause the output
switching element to be in the on state. '

NOTE: This characteristic is usually specified only for
outputs without internal pull-up elements intended for
driving devices other than logic circuits.
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AC Operating Conditions and Characteristics

INPUT PARAMETERS

fmax Maximum Clock Frequency: The highest rate at
which the clock input of a bistable circuit can be driven
through its required sequence while maintaining stable
transitions of logic levels at the output with input condi-
tions established that should cause changes of output
logic level in accordance with the specification. Unless
otherwise specified, this test is performed with no
restrictions on input rise and fall times or duty cycle.

NOTE: A mintimum value is specified that is the highest
frequency at which all devices are guaranteed to function
~orrectly.

tyy Hold Time: The interval during which a signal must
ve maintained at a given data input after an active transi-
tion at another given input.

NOTE: A minimum value is specified that is the smallest
time interval above which all devices are guaranteed to
function correctly.

tw Pulse Width: The time interval between specified
voliage reference points on the leading and trailing
edges of a pulse waveform.

NOTE. A minimum value is specified that is the smallest
tirne interval at which correct operation of the logic ele-
ment 1s guaranteed.

tpec Recovery Time: The time interval needed to switch
a memory-type device from a write mode to a read mode
and to obtain valid data signals at the output.

NOTE: A minimum value is specified that is the smallest
time interval at which correct operation of the device is
guaranteed.

tgeL Release Time: The time interval between one con-
trol input going inactive and another input going active
after which the inactive input no longer has any influence
on the device operation.

NOTE: A minimum value is specified that is the smatllest
time interval at which correct operation of the logic ele-
ment is guaranteed.

ts Set-Up Time: The time interval during which a stable
signal must be maintained at a specified input terminal
before an active transition at another specified input
terminal.

NOTE: A minimum value is specified that is the smallest
time interval at which correct operation of the logic ele-
ment is guaranteed.

tg Rise Time: The time interval between a specified low-
level voltage and a specified high-level voltage on a
waveform that is changing from a defined low level to a
defined high level. Common defined levels are from 10%
of the signal amplitude to 90% of the signal amplitude.

te Fall Time: The time interval between a specified high-
level voltage and a specified low-level voltage on a
waveform that is changing from a defined high level to a
defined low level. Common defined levels are from 90%
of the signal amplitude to 10% of the signal amplitude.

OUTPUT PARAMETERS

tpzn Output Enable Time to a High Level: The propaga-
tion delay time between the specified voltage reference
points on the input and output waveforms with a TRI-
STATE output changing from a high impedance (off) state
to the defined high state.

tpzL Output Enable Time to a Low Level: The propaga-
tion delay time between the specified voltage reference
points on the input and output waveforms with a TRI-
STATE output changing from a high impedance (off) state
to the defined low state.

tpyz Output Disable Time from a High State: -The propa-
gation delay time between the specified voltage refer-
ence points on the input and output waveforms with a
TRI-STATE output changing from the defined high state
to the high impedance (off) state.

tpz Output Disable Time from a Low Level: The propa-
gation delay time between the specified voltage refer-
ence points on the input and output waveforms with a
TRI-STATE output changing from the defined low state to
the high impedance (off) state.

twout Output Pulse Width: The time interval between
specified voltage reference points on the leading and
trailing edges of an output waveform.

NOTE: This is usually only specified for monostable
elements.

tpLy Propagation Time, Low to High: The time between
the specified voltage reference points on the input and
output waveforms with the output changing from a low
logic level to a high logic level.

tpL Propagation Delay, High to Low: The time between
the specified voltage reference points on the input and
output waveforms with the output changing from a high
logic level to a low logic level.

trLn, tr Transition Time, or Rise Time: The time interval
between a specified low-level voltage and a specified
high-level voltage on a waveform that is changing from a
defined low level to a defined high level. Common de-
fined levels are from 10% of the signal amplitude to 90%
of the signal amplitude, or from 0.6V to 2.6V.

trHL, t¢ Transition Time, or Fall Time: The tirlne interval
between a specified high-level voltage and a specified
low-level voltage on a waveform that is changing from a
defined high level to a defined low level. Common de-
fined levels are from 90% of the signal amplitude to 10%
of the signal amplitude, or from 2.6V to 0.6V.

EXPLANATION OF DEVICE FUNCTIONS
Circuit Complexity

SSI: Small Scale Integration; the lowest level of com-
plexity in integrated circuits.

MSI: Medium Scale Integration; small subsystems inte-
grated into a single microcircuit.

LSI: Large Scale Integration; large subsystems or small
systems integrated into a single microcircuit.
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Glossary of Terms

AC Operating Conditions and Characteristics (continued)

Functional Descriptions

Buffer: A logic gate with high output drive capability, or

fan-out. Buffers are used where a single circuit-must

drive a large number of loads.

Comparator: A logic circuit that will compare two
separate input signals and produce an output based on
that comparison. A simple comparator is the Exclusive-
NOR gate, which produces a high level output only when
its two inputs are identical.

Counter: A logic circuit that counts the number of input
pulses it receives. Counters can be used for frequency
division, counting, and sequencirig digital operations.
Common counter configurations are Binary, where the
device counts from 0 to 15 and Decade, where the device
counts from 0 to 9.

Data Selector/Multiplexer: A logic circuit that will select
one of several input signals and feed that signal onto a
common bus line. It can be thought of as a multipole,
multiposition switch with each switch pole representing
one output and each switch position representing one
input.

Decoder/Derultiplexer: A logic circuit that is the com-
plement of the Data Selector/Multiplexer; that is, this cir-
cuit takes an input signal and feeds it to any one of
several output lines depending on the information placed
on its steering, or control, inputs.

Driver: Same as Buffer, above.

Flip-Flop: A logic circuit that is used to store informa-
tion. A flip-flop is called ““bistable” since it has two stable
states.

Gate: The basic building block of all logic circuits; an
element whose output is a Boolean function of its inputs.
The basic functions are the AND, OR, and NOT. By com-
bining these functions, NAND, NOR, and Exclusive-OR
and Exclusive-NOR gates are built.

Latch: A bistable element that latches, or holds, data
which is present at its input at the time the Enable input
goes to its inactive state. When the Enable input is ac-
tive, the data, present at the input, is passed dlrectly to
the output, similar to the operation of a gate.

One-Shot: Monostable multivibrator; a flip-flop that only
has one stable state. When triggered by an input tran-
sient, it flips to its unstable state for a time period deter-

~ mined by an external R-C network connected to its timing

inputs, and then returns to its stable state.

Shift Register: A series of flip-flops in which the data
signal is shifted out of one flip-flop and into the suc-
ceeding flip-flop during an active transition on the clock
input. .

Transceiver: A logic circuit that can transmit data onto a
bus line and receive data off of the bus line using the
same terminal as an input and output. The direction of
signal flow is determined by logic levels present at a
Direction Control input.

Other Terms ¥
Asynchronous: A mode of operation that does not re-

quire any specific timing relationship between different
control inputs.

Open Collector: Output configuration that has no inter-
nal pullup. This configuration enables outputs that are
connected together (wired-OR) to assume opposite
states without incurring damage.

Schmitt Trigger: An input configuration that has a dif-
ferent threshold point depending on whether the input
signal is'rising or falling. This is especially useful in elec-
trically noisy environments.

Synchronous: A mode of operation where specific tim-
ing requirements must be met between control inputs
before an indicated action can occur.

Totem Pole: An output configuration that contains an in-
ternal pullup structure, usually a transistor pullup allow-
ing higher output drive capability than is available with
open collector outputs.

TRI-STATE: A registered trademark for a circuit con-
figuration in which the device output can be switched
‘off* during which time the output presents a very high im-
pedance to the bus it is connected to. This allows mul-
tiple outputs to be connected to a bus line while only one
output drives the line, the other outputs being switched
into their high impedance states.

EX?LANATION OF FUNCTION TABLES

The following symbols are used in the function tables
found in NSC data sheets:

H = high logic level (steady state)

L = low logic level (steady state)

1~ = transition from low to high logic level

| = transition from high to low logic level

X = irrelevant (any level, including transitions)

z = off (high impedance) state of a TRI-STATE
output

a..h = the level of steady state inputs at lnputs A
through H respectively

Qp = the level of Q before the indicated steady
state input conditions were established

Qg = complement of Qg or level of Q before the in-
dicated steady state input conditions were
established

Qp. = level of Q before the most recent active transi-
tion indicated by 1 or |

e = one high level pulse

i = one low level puise

toggle = each output changes to the complement of

its previous level on each active transition in-
dicated by ! or |

If, in the input columns, a row contains only the symbols
H, L, and/or X, this means the indicated output is valid
whenever the input configuration is achieved regardless
of the sequence in which it is achieved. The output per-
sists so long as the input configuration is maintained.
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AC Operating Conditions and Characteristics (continued)

If, in the input columns, a row contains H, L, and/or X
together with 1 andlor |, this means the output is valid
whenever the input configuration is achieved but the
transition(s) must occur following the achievement of the
steady state levels. If the output is shown as a level (H, L,
Qq, or Qg), it persists so long as the steady state input
levels and the levels that terminate indicated transitions
are maintained. Unless otherwise indicated, input transi-
tions in the opposite direction to those shown have no ef-
fect on the output. If the output is shown as a pulse, -
or <, the pulse follows the indicated input transition
and persists for an interval dependent on the circuit.

Among the most complex function tables in this book are
those of the shift registers. These embody most of the
symbols used in any of the function tables, plus more. As
an example, below is the function table for a 4-bit bidirec-
tional universal shift register, similar to the DM54L.S194.

The first line of the table represents ‘‘asynchronous”
clearing.of the register and indicates that if CLEAR is
low, all four outputs will be reset low regardless of the
states of the other inputs. In the succeeding lines,
CLEAR is inactive (high) and consequently has no
effect.

The second line indicates that so long as the CLOCK in-
put remains low (while CLEAR is high), no other input
has any effect and the outputs maintain the levels they
assumed before the steady-state combination of
CLEAR high and CLOCK low was established. Since on
all the other lines of the table only the rising edge of the
CLOCK is shown to be active, the second line implicitly
shows that no further change in the outputs will occur
while the CLOCK remains high or on the high-to-low
transition of the CLOCK.

Function Table

The third line of the table represents ‘“synchronous”
parallel loading of the register and indicates that if S1
and SO0 are both high, then regardless of the levels at the
SERIAL inputs, the data present at A will transfer to QA,
the data present at B will transfer to QB, and so forth,
following a low-to-high transition on CLOCK.

The fourth and fifth lines represent the “synchronous”
loading of high and low level data, respectively, from
the SHIFT RIGHT SERIAL input and the shifting one bit
to the right of previously entered data; data previously

"at QA is now at QB, data previously at QB and QC is

now at QC and QD respectively, and the data previously
at QD has been shifted out of the register. This entry of
data and shifting takes place on the low-to-high level
transition of CLOCK when S1 is low and S0 is high and
as shown, the levels at the PARALLEL inputs, A through
D, have no effect.

The sixth and seventh lines represent the ‘‘synchron-
ous” loading of high and low level data respectively,
from the SHIFT LEFT SERIAL input and the shifting one
bit to the left of previously entered data; data previously
at QD is now at QC, data previously at QC and QB is
now at OB and QA respectively, and the data previously
at QA has been shifted out of the register. This entry of
serial data and shifting to the left takes place on the
low-to-high level transition of CLOCK when S1 is high
and SO is low and as seen, the levels at the PARALLEL
inputs, A through D, have no effect.

The last'line indicates that so long as both MODE inputs
are low, no other input has any effect and, as in the sec-
ond line, the outputs maintain the levels they assumed
before the steady state combination of CLEAR high and
both MODE inputs low was established.

Inputs
Mode P Outputs
Clear Serial Parallel
Clock
S1| SO Left | Right A B CD . Qa Qg Q¢ Qp
L X |-X X X X X X X X L L L L
H X! X L X X X X X X Qa  agy Qg Qpo
H H| H ! X X a b ¢ d a b c d
H Ll H t X H X X X X H Qan  Qn  Qcn
H L| H ! X L X X X X L Qan  QBn  Qcn
H H| L t H X X X X X Qgn  Qcn  Qpn H
H H| L 1 L X X X X X Qg Qcn  Qpn L
H L| L X X X X X X X Qa0 Qpo Qco Qpo
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Designing with TTL

54/74 series TTL has been used for more than a decade
with excellent results, and continues to be a standard
choice for design engineers because of the wide perform-
ance range and system optimization possible from the dif-
ferent families available. 54/74 logic comes in 7 different
speed/power families (standard TTL, LS, S, ALS, AS, and
L) that allow a design engineer to select device perform-
ance to suit his needs. Understanding the differences and
the general limitations of all these families will go a long
way toward insuring that a system will operate as in-
tended with the minimum of corrections and redesigning.

FAMILY COMPATIBILITY: Intermixing Logic Types in
One Design

Family interchangeability is a beneficial characteristic of
the different TTL families and provides the designer with
the ability to customize specific areas of his design in
order to accomplish the task of achieving both high per-
formance and the lowest power consumption possible.
However, interchangeability is not simply a matter of
replacing, say, an SO0 for an LS00 to improve the speed
and replacing an LS00 for an SO0 for power savings. One
must also look at the DC and AC characteristics to insure
that the replacement device will be compatible with the
existing circuit. The DC problems include input ioading
and compatible output drive capabilities. The AC prob-
lems include insuring that the new device speeds will be
acceptable to the rest of the system. The different logic
families also generate different amounts of noise and
have different noise immunity. Finally, measure points for
the AC parameters of the different families, although very
similar, do vary some, and this will require attention.

SUPPLY RAILS: Why Not to Exceed the Speﬁs

All bipolar logic (both junction'and oxide isolated) is made
up of selectively located regions of differently doped
materials that form transistors, resistors, and diodes.
Because of this, certain overall requirements are neces-
sary to insure that the IC will be able to perform its task
without interference from its environment. The first char-
acteristic of bipolar devices is that the two power rails
(Ve and ground) represent the two voltage extremes that
should be used in any system. Certain exceptions exist,
primarily inputs and open-collector outputs that are pulled
up to higher voltages than V¢c. However, while it is occa-
sionally permissible to exceed the V¢ specification, it is
never permissible to drive any input or output more than
0.5V below the ground reference. This limitation is due to
the method used to electrically isolate the many circuit
elements that are present on a bipolar IC. Oxide isolated
devices use an oxide layer surrounding the various tran-
sistor and resistor tanks to provide an insulating barrier,
while the original junction isolated devices use reverse
biased PN junctions to provide that barrier. In both cases,
the circuit is built on a P-type substrate that uses reverse
biased PN junctions to separate the different circuit ele-
ments. The ground pin is electrically connected to the

‘substrate and must be the most negative voltage on the

device. When an input or output pin is taken below ground,
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the normally reverse biased isolation regions between the
elements become forward biased and electrically connect
these elements together, thus eliminating the integrity of
the circuit. This may or may not result in actual damage to
the device depending upon the magnitude of the violating
signal and the specifics of the device being violated. This
holds true for both junction and oxide isolated logic. Oxide
isolated logic' may provide more margin before failing
(thereby “working” in some marginal designs), but it is
nevertheless subject to the same kind of limitations as
junction isolated logic.

IMPROPER-GROUNDING: Noise Immunity,
Floating Grounds

Bipolar logic uses the ground rail as the signal reference.
Consequently, any modulation on the ground line will be
directly added to the signal voltage. The logic “0” input
noise margin is guaranteed as the difference between the
VoL and V| specification, and the logical “1” input noise
margin is guaranteed as the difference between the Vou
and V) specification. This noise margin is intended to be
protection against a reasonable amount of noise present.
Insufficient grounding techniques can cause significant
Ig and I drops on the ground line between two ICs and
result in a “floating” ground line. This is due to the large
currents that are present on ground and V¢ during high
speed switching and means that the two devices are not
using the same reference point. Any voltage drop in the
ground line is added to the signal and ends up consuming
some of the noise margin. Eventually, the mismatch
caused by the floating ground will exceed the total noise
margin and cause erroneous data to propagate through
the system. The solutions to this problem are many and
varied, but all of them revolve around improving the
system grounding and include such ideas as providing
separate signal and power grounds.

Vcc NOISE AND DECOUPLING: Providing Clean Power

The Vcc power rail is also susceptible. to both Ig and I,
voltage drops. The problems that arise from the V¢ line are
not the same as the problems that arise from the ground
line. Since the Voy level tracks the Vg almost exactly, any
voltage loss on the V¢ line is directly transferred to the Vouy
level. However, the noise margin for the logic high state is
typically 700 mV for commercial and 500 mV for military
product, versus 400 mV and 300 mV for commercial and
military product, respectively, for the logic low level. The
main’ consequences of a drooping Vg line now become
loL/lon drive capability, and the AC performance in critical
applications. Although bipolar devices are only guaranteed
to operate over a given Vgc range (5V + 10%), these devices
typically function to Vg values as low as 4V. Be aware that
if the device does indeed function down to 4V, the AC and
DC characteristics will be compromised, some quite
severely.

Designing in a good power distribution system will insure
that all the devices in the circuit will perform the same,
regardless of their physical location. Properly decoupling
the V¢c against both high and low frequency noise will
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help eliminate any problems with individual device opera-
tion. High frequency noise (100 MHz and above) comes pri-
marily from two sources, while low frequency noise (less
than 25 MHz) results from primarily one source.

Sources of High Frequency Noise on the V¢ Line

1) High frequency noise resuits from the device rapidly
switching logic levels. The bulk of the switching current
from a low to high transition shows up in Igg current
surges, while the bulk of the switching current from a high
to low transition shows up in ground current surges.

2) Noise is transmitted through the changing magnetic
fields that result from the changing electric fields in a
switching line and are picked up on adjacent signal paths.

Note that the frequency causing the noise is not the sig-
nal's frequency, but the frequency of the signal's slew
rate. For instance, in an S00 that is switching OV to 3V at
1MHz, the slew rate of the output is typically about 1 ns/V,
which is a frequency of around 160 MHz. The faster the
slew rate, the higher the frequency, until one has an ideal
square wave with infinite frequency. It is this frequency
component that gives rise to the strong magnetic fields
associated with switching bipolar devices.

Sources of Low Frequency Noise on the V¢ Line

1) Low frequency noise results from the change in the Igg.

current demand as devices change state. For instance,
gates, flip-flops, and registers will draw different Igg cur-
rents, depending upon the state of the outputs.

The most commonly used method for countering these
noise problems is to decouple the V¢ line. With this ap-
proach, capacitors are used to stabilize the V¢ line and
filter out the unwanted frequency components. A small
value capacitor (i.e., 0.1 uF) is used near the device to in-
sure that the transient currents arising from device
switching and magnetic coupling are minimized. A large
value capacitor (i.e., 50 uF to 100 uF) is used on the board in
general to accommodate the continually changing Igc re-
quirements of the total V¢ bus line. The following table
shows a rough “rule of thumb” approach to determining
how many capacitors to use for a given number of ICs. Be
aware that the table is not a hard and fast rule, and that
you must always evaluate your particular application toin-
sure that there is sufficient Vo decoupling. When using
these guidelines, be sure that the devices are located near
each other and near the capacitor. If the capacitor is too
far away, Ig and I_ drops will diminish the capacitor’s ef-
fect. All capacitors (especially the 0.01 xFs) must be high
frequency RF capacitors. Disk ceramics are acceptable
for this application. Keep in mind that, in synchronous
systems, since a majority of the devices will be switching
at once, alter your power distribution system accordingly.

Device Family
AS, S, ALS, LS, H
TTL L

Number of Capacitors

1 Cap per 1 device
1 Cap per 2 devices

TYING ALL UNUSED INPUTS TO A SOLID LOGIC LEVEL

Unused inputs on TTL devices float at threshold, any-
where from 1.1V to 1.5V, depending upon the device and its
family. While this usually simulates a “high”, many ap-
plication problems can be traced to open inputs. Inputs
floating at threshold are very susceptible to induced noise
(transmitted from other lines) and can easily switch the

state of the device. A good design rule is to tie unused in-
puts to a solid logic level. Inputs are usually tied to Vgc
through a 1 kQ to 5 kQ resistor, since tying them to ground
means supplying the |, _current instead of the | current.
ljL is several orders of magnitude greater than Iy. The
resistor is recommended to protect the input against Vg
voitage surges and to protect the system against the
possibility of the input shorting directly to ground. A
single 1k resistor can handle up to 10 inputs.

TERMINATIONS: Why Terminate a Transmission Line?

Whenever signals change voltage levels, a wavefront is
created that propagates according to the characteristics
of the transmission line being used. If the overall length of
the signal path is short compared with the signal’s wave-
length (1/frequency), then none of the complications of
transmission lines are present. However, if the length of
the signal path is long in comparison, then the wavefront
will be significantly affected by the geometry and com-
position of that transmission line.

Fortunately, when dealing with a single board layout, the
distances are usually short enough that one need not
worry about the difficulties of terminating or impedance
matching the line. However, if one is driving between
boards or over long distances, he must be aware of the
characteristics involved. When dealing with transmission
lines it is necessary to know the impedance of the line.
Every time the signal wavefront encounters a discontin-
uity (a point where the impedance changes, whether from
abranch, junction or because of achange of environment),
the opportunity for reflections and standing waves is
present. These waves can easily cause the loss of the
signal’s integrity, having the ability to build voltages that
are large enough to destroy an IC. Proper line termination
will insure that the signal propagates down the line and is
totally absorbed at the receiving end, thus preventing
these waves from occurring.

Listed below is a guideline to the types of transmission

lines to use when sending signals over various distances.

0”to12” Single wire conductor OK. Use point-to-point
routing and avoid parallel routing if possible.
Ground plane recommended, but not manda-
tory. Space conductors as far apart as possible

to reduce line to line capacitance.

Dense ground plane required with wire routed
as closely as possible. Twisted-pair lines or
coaxial cable mandatory for clock lines and
recommended for all sensitive control lines.

Use fully terminated transmission lines. Avoid
the use of radially distributed lines and avoid
sharp bends in the line. Be aware that trans-
mission lines have complex impedances and
are not simply resistive in nature.

12"to 6’

Over 6’

BUS DRIVERS: On Board vs Off Board

Many of the TRI-STATE® buffers and flip-flops are intended
to connect directly to the system bus and must be able to
drive heavily capacitive loads. Keeping this in mind, all of
National’'s LS TRI-STATE devices have “triple-sink”
capability; that is, the Ig,_and I gy drive currents have been
tripled. However, these devices are intended to drive
single board buses. Driving off the board with these
devices can easily lead to serious problems.
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When using standard logic bus drivers on a single board,
be aware that many of the octal and bus oriented devices
have PNP inputs to reduce DC loading. PNP inputs on
54S/74S devices tend to be more capacitive than the cor-
responding diode or emitter inputs, and as such, com-
promise the AC loading of the bus. Careful attention must
be given to both DC and AC loading when driving heavily

.loaded buses. PNP inputs on LS/AS/ALS operate at

significantly lower currents and do not significantly in-
crease capacitive load.

It is strongly recommended that any time a bus line leaves
aboard, interface bus drivers be used. These devices (see
National’'s 1983 Interface/Bipolar LS|/Bipolar Memory/
Programmable Logic Databook) are specifically designed
to impedance match different kinds of transmission lines
and have the necessary current drive to handle the job.
Using an ordinary logic device will usually yield poor
results. If one must drive a transmission line with a logic
device, there are some guidelines that should be followed
to minimize the problems that can result.

1) Take care to properly terminate the bus. Be aware that
every time a signal passes through a differentimpedance,

_aninterface is created and that any impedance mismatch

will result in reflections.

2) Never drive off the board with a bistable element like a
flip-flop or a latch. This is because those devices are very
susceptible to reflected waves changing their state. By
buffering the output of the latch with another device, the
reflected wave can affect the output of the buffer, but not
the latch. This means that when the wave finally dies out,
the latch will still have the proper data and the buffer will
“snap back” to the proper output.

3) Be sure to carry an adequate ground plan with the
signals and to shield the bus. Carrying a good ground plan
(use multiple ground lines spaced around the connector if
possible) will reduce the problem of floating ground, and
the shielding will help protect the signal lines for induced
noise. Using twisted-pair transmission lines for critical
signals helps toeliminate the capacitive coupling that can
degrade signals, or even cause false signals.

4) It is best to buffer any clock or control lines that depend
upon fast, clean switching. Buffering at both the sending
and receiving end will go a long way toward insuring that
the clock can accomplish its goals.

5) Use devices with Schmitt inputs to add to the noise
margin of the receiving device. This will help increase the
noise rejection of the system. Decouple each receiver
separately, connecting the capacitor directly between
ground and V. Make sure that the device ground is tied
directly to the bus ground.

6) If using open-collector devices to drive the bus, add a
pull-up resistor on the input to the receiving device if the
lop current of the driving device can handle it. Aresistance
in the 30092 range will significantly improve the signal’s
rise time.

AC LOADING: What Do AC Loads Look Like, and Why?

The standard AC load for all of the logic families, except
ALS and AS; is built around a diode chain to ground and a
pull-up resistor to Vgg with added capacitance. This load
is designed to look like the standard logic circuit input

structure, and to simulate the appearance of switchingin *

an actual application. For ALS and AS, the load is built
around a resistor to ground and added capacitance. This
is primarily for the requirements of high speed device
testing. There also exists a set of standardized military AC,
loads that were designed to approximate the input struc-
ture, while using no switches for the TRI-STATE
parameters. Please see waveforms in this section. In the
final analysis of these loads, it must be kept in mind that
they represent a standard that can be used to determine
the quality of an IC. No load will be ablie to predict exactly
how a device will perform in a circuit or the speeds that a
device can achieve in a good test jig with the spec load, as
compared to the speeds that a device will produce in an
application.

OPEN-COLLECTOR DEVICES: What They Are,
How to Use Them

Open-collector devices are totem pole outputs where the
upper output (usually a Darlington transistor) is left out of
the circuit. As such, these devices have no active logic
high drive and cannot be used to drive a line high. The ad-
vantage to open-collector devices is that a number of out- .
puts can be directly tied together. If one were to tie two
complete totem pole outputs together, then at some time
one output would be driving high while the other output
was driving low. The result is that one device will be dump-
ing excessive current directly into the other device. The
resulting power dissipation in both devices can easily
degrade the lifetime of the device. Since open-collector
devices only have active drive in one state, if two con-
nected devices drive to opposite states, the low state will
always predominate and there will be no degradation to
either device. Open-collector specifications are obvious
by the lack of a Voy specification. The only Vonl/lon
specification is the leakage limits, and these are specified
at VOH =5.5V.

When dealing with open-collector devices, it must be
noted that each output requires a resistive pull-up, usually
tied to V. (By using high voltage outputs, one can tie the
resistor pull-up to a voltage higher than Vg¢.) Designers
often try to get away with tying the output to an input and
relying on the I current to pull up the output. This is un-
wise, as it is just like leaving inputs floating: the input is
very susceptible to noise and can easily give false signals.
Shown below are two equations that can be used to deter-
mine the min/max range of the pull-up resistor.

Ruray = Yeomin) ~ Vor)
MAXZ (NTelon + N2l )

(Vecminy —Vou)

R =
MINZ Yo —N2elyy)
where: N1=the number of open-collector devices tied
together,

N2 =the number of inputs being driven on the line.

If the maximum resistance is exceeded, then it is possible
for the total leakage currents from all of the inputs and
outputs to pull the Voy level below the spec value.
Likewise, if the Ry value is exceeded, then the driving
device may not be able to pull'‘down the signal line to a
solid V. Either of these two cases can easily result in
false logic levels being propagated through the system.
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Designer’s Encyclopedia of
Bipolar One-Shots

INTRODUCTION

National Semiconductor manufacturers a broad variety of )

industrial bipolar monostable multivibrators (one-shots)
in TTL and LS-TTL technologies to meet the stringent
needs of systems designers for applications in the areas
of pulse generation, pulse shaping, time delay, demodu-
lation, and edge detection of waveforms. Features of the
various device types include single and dual monostable
parts, retriggerable and non-retriggerable devices, direct
clearing input, and DC or pulse-triggered inputs. Further-
more, to provide the designer with complete flexibility in
controlling the pulse width, some devices also have
Schmitt trigger input, and/or contain internal timing com-
ponents for added design convenience.

DESCRIPTION

One-shots are versatile devices in digital circuit design.
They are actually quite easy to use and are best suited
for applications to generate or to modify short timings
ranging from several tens of nanoseconds to a few
microseconds. However, difficulties are constantly
being experienced by design and test engineers, and
basically fall into the categories of either pulse width
problems or triggering difficulties.

The purpose of this note is to present an overall view of
what one-shots are, how they work, and how to use them
properly. It is intended to give the reader comprehensive
information which will serve as a designer’s guide to
bipolar one-shots.

Nearly all malfunctions and failures on one-shots are
caused by misuse or misunderstanding of their funda-
mental operating rules, characteristic design equations,

TTL AND LS-TTL ONE-SHOT FEATURES
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parameters, or more frequently by poor circuit layout,
improper bypassing, and improper triggering signal.

In the following sections all bipolar one-shots manufac-
tured by National Semiconductor are presented with
features tables and design charts for comparisons.
Operating rules are outlined for devices in general and
for specific device types. Notes on unique differences
per device and on special operating considerations are
detailed. Finally, truth tables and connection diagrams
are included for reference.

DEFINITION

A one-shot integrated circuit is a device that, when trig-
gered, produces an output pulse width that is indepen-
dent of the input pulse width, and can be programmed
by an external Resistor-Capacitor network. The output
pulse width will be a function of the RC time constant.
There are various one-shots manufactured by National
Semiconductor that have diverse features, although, all
one-shots have the basic property of producing a pro-
grammable output pulse width. All National one-shots
have True and Complementary outputs, and both posi-
tive and negative edge-triggered inputs.

OPERATING RULES

In all cases, R and C represented by the timing equa-
tions are the external resistor and capacitor, called Rgxt
and Cgxr, respectively, in the data book. All the fore-
going timing equations use C in pF, R in Kohms, and
yield ty in nanoseconds. For those one-shots that are
not retriggerable, there is a duty cycle specification as-

# Per ' Capacitor Resistor Timing Equation*
r?:r‘rl:l::r IC m’;‘; or Reset Min Max Min Max for
Package in uF in Kohms Cgxr>1000 pF
DM54121 One No No 0 1000 14 30 tw= KRC+«(1+0.7/R)
DM74121 One No No 0 1000 14 40 K =0.55
DM54LS122 One Yes Yes None 5 180 tw=KRC
DM74LS122 ‘One Yes Yes None 5 260 K=0.45
DM54123 Two Yes Yes None 5 . 25 tw= KRC«(1+ 0.7/R)
DM74123 Two Yes Yes None 5 50 K=0.34
DM54LS123 Two Yes Yes None 5 180 tw= KRC
DM74LS123 Two Yes Yes None 5 260 K=0.45
- DM54Ls221 Two No Yes 0 1000 1.4 70 tw= KRC
DM74LS221 Two - No Yes 0 1000 1.4 100 K=0.7
DM8601 One Yes No Nane 5 25 tw= KRC+(1+0.7/R)
DMBS601 One Yes No None 5 50 K=0.32
DM8602 Two Yes Yes None. 5 25 tw= KRC+«(1+ 1/R)
DM9602 Two Yes Yes None 5 50 K=0.31

*The above timing equations hold for all combinations of Rgxt and Cgxr for all cases of Cgxt > 1000 pF within specified limits on the

Rexr and Cexr.
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sociated with them that defines the maximum trigger

- frequency as a function of the external resistor, Rgxr.

In all cases, an external (or internal) timing resistor
(RexT) connects from Vg or another voltage source to
the “Rext/Cext” pin, and an external timing capacitor
(Cext) connects between the “Rgxt/Cext”’, and “Cext”’
pins are required for proper operation. There are no
other elements needed to program the output pulse
width, though the value of the timing capacitor may vary
from 0.0 to any necessary value.

When connecting the Rexr and Cexy timing elements,
care must be taken to put these components absolutely
as close to the device pins as possible, electrically and
physically. Any distance between the timing compo-
nents and the device will cause time-out errors in the
resulting pulse width, because the series impedance
(both resistive and inductive) will result in a voltage dif-
ference between the capacitor and the one-shot. Since
the one-shot is designed to discharge the capacitor to a
specific fixed voltage, the series voltage will “‘fool” the
one-shot into releasing the capacitor before the capaci-
tor is fully discharged. This will result in a pulse width
that appears much shorter than the programmed value.
We have encountered users who have been frustrated by
pulse width problems and had difficulty to perform cor-
relations with commercial test equipment. The nature of
such problems are usually related to the improper lay-
out of the DUT adapter boards. (See Figure 6 for a PC
layout of an AC test adapter board.) It has been demon-
strated that lead length greater than 3 cm from the tim-
ing component to the device pins can cause pulse width
problems on some devices.

For precise timing, precision resistors with good tem-
perature coefficient should be used. Similarly, the tim-
ing capacitor must have low leakage, good dielectric ab-
sorption characteristics, and a low temperature coeffi-
cient for stability. Please consult manufacturers to ob-
tain the proper type of component for the application.

For small time constants, high-grade mica glass, poly-
styrene, polypropylene, or polycarbonate capacitor may
be used. For large time constants, use a solid tantalum
or special aluminum capacitor.

In general, if a small timing capacitor is used that has
leakage approaching 100 nA or if the stray capacitance
from either terminal to ground is greater than 50 pF,
then the timing equations or design curves which pre-
dict the pulse width would not represent the pro-
grammed puise width which the device generates.

When an electrolytic capacitor is used for Cgxy, @
switching diode is often suggested for standard TTL
one-shots to prevent high inverse leakage current (Fig-
ure 1). In general, this switching diode is not required for
LS-TTL devices; it is also not recommended with retrig-
gerable applications.

“Rext/Cexr”

Vee “Cext”
Rext

Cexr
TUF/7508-1

FIGURE 1’

It is never a good practice to leave any unused inputs of
a logic integrated circuit “floating”. This is particularly
true for one-shots. Floating uncommitted inputs or at-
tempts to establish a logic HIGH level in this manner
will result in malfunction of some devices.

-Operating one-shots with values of the Rgxt outside the
recommended lirhits is at the risk of the user. For some
devices it will lead to complete inoperation, while for
other devices it may result in either output pulse widths
different from those values predicted by design charts or
equations, or with modes of operation and performance
quite difference from known standard characterizations.

To obtain variable pulse width by remote trimming, the
following circuit is recommended (Figure 2). “Rremote”
should be placed as close to the one-shot as possible.

Rexr
"*Rext/Cexr’
Cext

RRem ‘&
OJ_ REMOTE i’
“Cexr” :1-0‘/00

TLIFI7508-2

FIGURE 2

Vee and ground wiring should conform to good high fre-
quency standards and practices so that switching tran-
sients on the Ve and ground return leads do not cause
interaction between one-shots. A 0.001 uF to 0.1 uF by-
pass capacitor (disk or monolithic type) from the Vge pin
to ground is necessary on each device. Furthermore, the
bypass capacitor should be located so as to provide as
short an electrical path as possibie between the V¢ and
ground pins. In severe cases of supply-line noise, de-
couplmg in the form of a local power supply voltage
"regulator is necessary.

For retriggerable devices the retrigger pulse width is
calculated as follows for positive-edge triggering:

J —
L

e gy ——

TLF/7508-3

VIRIGGER I
R

FIGURE 3

treT = tw+ tpLH = K+ (Rext)(Cext) + tpHL

(See tables for exact expressions for K and tyy; K is unity
on most HCMOS devices.)

SPECIAL CONSIDERATIONS AND NOTES:

The 9601 is the single version of the dual 9602 one-shot.
With the exception of an internal timing resistor, Ry,
the 'LS122 has performance characteristics virtually
identical to the 'LS123. The design and characteristic
curves for equivalent devices are not depicted individu-
ally, as they can be referenced from their parent device.

National's TTL-"123 dual retriggerable one-shot features
a unique logic realization not implemented by other
manufacturers. The “CLEAR” input does not trigger the
device, a design tailored for applications where it is
desired only to terminate or to reduce the timing pulse
width.
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The 'LS221, even though it has pin-outs identical to the
'LS123, is not functionally identical. It should be
remembered that the 'LS221 is a non-retriggerable one-
shot, while the 'LS123 is a retriggerable one. For the
’LS123 device, it is sometimes recommended to exter-
nally ground its “Cgyt” pin for improved system perfor-
mance. The “Cgxt” pin on the 'LS221, however, is not an
internal connection to the device ground. Hence,
grounding this pin on the 'LS221 device will render the
device inoperative.

Furthermore, if a polarized timing capacitor is used on
the 'LS221, the positive side of the capacitor should be
connected to the “Cgxy” pin. For the 'LLS123 part, it is
the contrary, the negative terminal of the capacitor
should be connected to the “Cgxy” pin of the device
(Figure 4).

Vee Vee

"cm"o—‘) +

Cx

“Cexr” O-—+—| —
Cx

**Rext/Cexr”’
(‘Ls221)

“*Rext/Cext”
(‘Ls123)

TUFI7508-4

FIGURE 4

18281£62

TOP VIEW

TUFI7508-6

FIGURE 6a. AC Test Adapter

The 'LS221 trigger on “CLEAR": This mode of trigger re-
quires first the “B-Input” be set from a Low-to-High level
while the “CLEAR” input is maintained at logic Low
level. Then, with the “B” Input at logic High level, the
“CLEAR” input, whose positive transition from LOW-to-
HIGH will trigger an output pulse (“A” input is LOW).

R I I
T R
L I

— ty —

TUFI7508-5

FIGURE 5

AC Test Adapter Board

The compact PC layout below is a universal one-shot
test adapter board. By wiring different jumpers, it can be
configured to accept all one-shots made by National
Semiconductor. The configuration shown below is dedi-
cated for the 123 device. It has been used successfully
for functional and pulse width testing on all the ’123
families of one-shots on the Teradyne AC test system.

-~ BOTTOM VIEW

TUFI7508-7

FIGURE 6b. AC Test Adapter
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Al

DM54LS123 One-Shot

Vee
o

R1 R

—_—-

>
_EO-

1

C3=0
— =

r]c.

a 13
0-s
L
CLR Q>
L8
= TUF_I?SOG-B

FIGURE 7a. Timing Components and /0 Connections to D.U.T.

Typical Output Pulse Width vs Timing Components

Timing equations listed in the fea-
tures tables hold all combinations
of Regxr and Cgxt for all cases of
Cexy>1000 pF. For cases where
the Cext <1000 pF, use the graphs
shown below.

DM74123

tw (ns)

Cexr (pF)

tw (ns)

tw (ns)

DM9602

ETa=25°C

T

10 100 1000
Cext (pF)
TLF7508-9

DM74LS123

Cexr (pF)
TLFI7508-12

tw (ns)

tw (ns)

DM74121
5
10 E Ta=25°C
EVge=5.0V
104 R=50K
R=25K
10°
102 R=1.4K
R=5K
10 Li4
10 100 1000
Cexr (pF)
TUF/7508-10

1000

Cexr (pF)

TUF/7508-13

1-28




Typical Output Pulse Width Variation vs Ambient Temperature

The graphs shown below demon-
strate the typical shift in the device
output pulse widths as a function of
temperature. It should be noted that
these graphs represent the tempera-
ture shift of the device after being
corrected for any temperature shift
in the timing components. Any shift
in these components will result in a
corresponding shift in the pulse
width, as well as any shift due to the
device itself.

7418221
10 T T T
Rext=10K ‘
Cexy = 1000 pF
5 - Vec=5.0V
[
=] b
= i
% 0 | =
a2 .
E]
-5
| |
-10

-60 -30 0 30 60 80 120 150
AMBIENT TEMPERATURE (°C)

TLIF/7508-1€

Typical Output Pulse Width Variation vs Supply Voltage

The following graphs show the de-
pendence of the pulse width on Vgc.

A$ with any IC applications, the
device should be properly bypassed

so that large transient switching cur- -

rents can be easily supplied by the
bypass capacitor. Capacitor values
of 0.001 xF to 0.10 uF are generally
used for the V¢c bypass capacitor.

DM74123
10 T
Rext=10K |
Cexy=1000 pF |
5| Ta=25°C be— ‘r___
] ; I
=z . !
< ' |
2 I
’ |
-5 V l e —
-10 3 ‘

4 45 5 5.5 6

Vee (V)
TLIFI7508-21

tw % CHANGE

tw % CHANGE

tw% CHANGE

tw% CHANGE

DM74121
1
0 Rexr=5K
Cexr=1000 pF
Vee=5.0V
5
\\
0
-5
|
-10 ‘
-60-30 0 30 60 90 120 150
AMBIENT TEMPERATURE (°C)
TUFI7508-14
DM74LS123
10 T T
Rexy= 10K
Cext=1000 pF
5t Vec=5.0v
0 R
— ‘\r
-5 : j—
~10 L
-60 -30 0 30 60 90 120 150

AMBIENT TEMPERATURE (°C)
TUFI750817

DM9602
10
Rext=10K
Cex7=1000 pF
5| Ta=25°C :
0 —
L
-5t
-10
4 45 5 55 6
Ve (V)
TLIFI7508-19
DM74LS123
10 r
Rext = 10K
Cext = 1000 pF
5 | -Ta=25°C
0k
-5
-10

4 4.5 5 5.5 6

Vee (V)
TUFIT508-22
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tw% CHANGE

tw% CHANGE

-10

-60 =30 0

10

-10
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DM9602
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I Rexr=10K

I Cexr=1000 pF
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AN

P
| | N
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TUFI7508-15

DM74123
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AN Veo=5.0V
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| . I
T
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TUFI7508-18

L

DM74121

Rexr =5K
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4 4.5 5 5.5 6

Vee (V)
TUFI7508-20

DM74LS221
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4 4.5 5 5.5 6

Ve (V)
TUFI7508-23
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Typical “K” Coefficient Variation vs Timing Capacitance

For certain one-shots, the “‘K’’ coef-
ficient is not a constant, but varies
as a function of the timing capacitor
Cext. The graphs below detail this
characteristic.

DM74123
w t Ta=25°C
) 1 Vee=5.0V
1
[y
&
E 102
(=]
\
1 A
0.1 1.0 10
‘K" COEFFICIENT
TUF(7508-26

Cexr (PF)

DMS602
108
Ta= 25°C¥
Ve =5.0V
102
10 A
0.1 1.0 10
“*K"" COEFFICIENT
TUFI7508-24
DM74LS123
‘03 T T
Ta=25°C
Vee=5.0V'
102
10
0.1 1.0 10
“'K"* COEFFICIENT
TUFI7508-27

Typical Output Pulse Width vs Minimum Timing Resistance

The plots shown below demonstrate
typical pulse widths and limiting val-
ues of the true output as a function
of the external timing resistor, Rext.
This information should evaporate

those years of mysterious notions

and numerous concerns about oper-
ating one-shots with lower than rec-
ommended minimum Rgxr values.

" tw(ns)

DM9602

DM74121
103
ETa=25°C
Vec=5.0V
oy
&
c 102
&
" \
0.1 1.0 10
“K’' COEFFICIENT
TUF/7508-25
DM74LS221
108
.
o102
]
&
10 \ .
0.1 1.0 10
K" COEFFICIENT
TUF508-28
- DM74121
10°
FTA=25C P
104 L
g 103
=
102

10000

TUFI7508-30
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DM74123 DM74LS123 DM74LS221 .z
10° £ = 105 = 9
Vec=5.0V N
104 10¢ L Cexr=1000 pF I-
= _ = A
FaL ' ; FRl
102 e Ll e
0 i P s A 1 A W WA 11
100 1000 10000 100 1000 10000
Rexr (@) Rexr (2) Rext (@)
TUFI7508-31 TLIFI7508-32 TUF/7508-33
Function Tables Connection Diagrams
’121 One-Shots 54121 (J, W); 74121 (N)
Rext/
Inputs Outputs_ Vee NC NC Cext Cext Rint NC
A1 A2 8 Q Q Ju 113 |1z 11 10 9 8
L X H | L H -
X L H L H ‘A
X X L L H
H " H X L H
H | H J1r  r P J
' H H JLr  r
i i H JLr T d
L X t | v or qd D [ IT) “a
X L t JL r _J
. . 1 Iz la |4 |5 6 |7
’122 Retriggerable One-Shots with Clear
NC A1 A2 B [ GND
Inputs Outputs TOP VIEW TuFS083s
Clear A1 A2 B1 B2 | Q Q
L X X X X L H
X H H X X L H
X X X L X L H !
X X X X L L H 54L.S8122 (J, W),‘ 74LS122 (N)
X L X H H L H Rext/
H L X 1 H I r Vee Cext NC Cext NC . RNt Q
H L X H t |1 r 14 13 12 1 10 9 8
H X L H H L H - | g l .Ln,," I
H X L t H |41+ Lr 10k I
H X L H t I r
H H } H H I r
H | ! H H |1 r )
H } H H H JJL  ur
1 L X H H JLu r ~
t X L H H [ 1r ce 0
J )
H =HIGH Level T
L =LOW Level
t =Transition from LOW-to-HIGH ! 2 3 4 5 6 |7
| =Transition from HIGH-to-LOW .
L =0ne HIGH Level Pulse M A2 81 B2 CLA GND
LI =One LOW Level Pulse TOP VIEW TUFI7508-35
X =Don't Care
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Function Tables (Continued)

Connection Diagrams (continued)

’123 Dual Retriggerable One-Shots with Clear

123 )
Rext/
Inputs Outputs Vee G::L Cext! @2 cw2 B2 A2
A B CLEAR| @ Q@ | O YI T Y PO TO O
H X H L H
X L H L H
L1 H |1 r
‘ H H |1 r 0 P
X X L L H
cir 0 o
|1 Iz la 4 5 6 |7 Ia
Al Bl CLR1 1 02 Cext2  Rext/  GND
. Cexr2 »
TOP VIEW TUFI7508-36
'LS123 54LS123 (J, W); 74LS123 (N)
‘ Rext/ -
Inputs . OU‘P“'S_ Ve Cextt Cert Q1 02 ClR2 B2 A2
Clear A B Q Q |1s 15 lu‘ B | n |1u |9
L X X L H
X H X L H d
X X L L H Q
HoL  t |oLoar 1] Lo
H } H JLr  r
b L H ‘LU Lr
CLR [ o 4 Q
K]
|1 2 3 4 5 6 |7 Ia
A Bl CLR1 @1 .02 Cext2 Rext/  GND
Cext2
TOP VIEW TUFI7508-37
8602 9602 (J, W); 8602 (N)
o B2 A @ W
Pin Numbers Operation Voo Cea?  Cen? CT 2
A B CLEAR r 16 15 14 13 12 11 10 9
| L H Trigger
H ! H Trigger )
X X L Reset 2

H =HIGH Level

L =LOW Level

1 =Transition from LOW-to-HIGH
| =Transition from HIGH-to-LOW
JL=One HIGH Level Pulse

LI = One LOW Level Pulse

X =Don't Care

=

1" 2* l 3 4 5 6 7 Is
Cext! Rexr/ CLR1T  B1 At a1 a1 GND
Cexrl TOP VIEW
*Pins for external timing. TLIFI7508-38
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Function Tables (Continued)
’221 Dual One-Shots with Schmitt Trigger Inputs

Inputs Qutputs
Clear A B Q Q
L X X L H
X H X L H
X X L L H
H L 4 JL r
H ) H B S B
t L H Ju r
8601
Inputs Outputs
A1 A2 B1 B2 Q Q
H H X X L H
X X L X L H
X X X L [ L H
L X H H L H
L X 1 H J1r r
L X H 1 I r
X L H H L H
X L 4 H I r
X L H i J1L T
H } H H JL T
' ¥ H H J1  r
V H H H JLr  r
H =HIGH Level
L =LOW Level
1 =Transition from LOW-to-HIGH
{ =Transition from HIGH-to-LOW _
I L.=0ne HIGH Level Pulse
LI =0One LOW Level Pulse
X =Don't Care
Applications

The following circuits are shown with generalized one-
shot connection diagram.

Noise Discriminator (Figure 8)

The time constant of the one-shot (O-S) can be adjusted
so that an input pulse width narrower than that deter-
mined by the time constant will be rejected by the cir-
cuit. Output at Q, will follow the desired input pulse,

Connection Diagrams (continued)
5415221 (J, W); 74LS221 (N)

Rext/ _
Vee  Cexr1 Cexr1 Q1 G2 CLR2 B2 A2
IIG IIS Iu |13 12 lg

ln IIU
—1

o

)| e

o

|__
ll 'z Ia 4 Is Is |1 []

Al Bt CWR1 O 02 Cexr2  Rext/ GND

Cexr 2
TOP VIEW TUFI7508-39
9601 (J, W); 8601 (N)

c I

LJ‘W,_ 1k
l “En" NC l NC c 0

Vee Cext Cext
114 113 l12 1 lw |9 8
o ——
1 Iz |3‘ |4 Is 6 I7
A A2 B1 B2 NC [} GND
TOP VIEW TUFI7508-40

with the leading edge delayed by the predetermined
time constant. The output pulse width is also reduced
by the amount of the time constant from Ry and Cy.

Dy 02— Vour

ok FF

CLR

Vee
<
Rx <
xS
H
. »
0y
Vin 0-s _
0

TLIFI7508-41

FIGURE 8. Noise Discriminator
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[ L

TUF7508-42

FIGURE 8. Noise Discriminator (Continued)

Frequency Discriminator (Figure 9)

The circuit shown in Figure 9 can be used as a fre-
quency-to-voltage converter. For a pulse train of varying
frequency applied to the input, the one-shot will produce
a pulse constant width for each triggering transition on

Vee

[

Vinp—t 0-s -

Rt .
Q —\N\«Ibvuur
T

1

TUFI7508-43

its input. The output pulse train is integrated by Ry and
C; to yield a waveform whose amplitude is proportional
to the input frequency. (Retriggerable device required.)

Vin

Vour /

Vou

R hemmannen /|

TUF/7508-44

FIGURE 9. Frequency Discriminator

Envelope Detector (Figures 10a and 10b)

An envelope detector can be made by using the one-
shot’s retrigger mode. The time constant of the device is
selected to be slightly longer than the period of each
cycle within the input pulse burst. Two distinct DC
levels are present at the output for the duration of the in-
put pulse burst and for its absence (see Figure 10a). The

Vee

Vin b= 0-s

-

TUFI7508-46

111

same circuit can also be employed for a specific fre-
quency input as a Schmitt trigger to obviate input trig-
ger problems associated with hysteresis and slow vary-
ing, noisy waveforms (see Figure 10b). (Retriggerable
device required.)

TUF/7508-45

FIGURE 10b. Schmitt Trigger

Vour

LA

TUFI7508-47

FIGURE 10a. Envelope Detector (Retriggerable Device Required)




Pulse Generator (Figure 117)

Two one-shots can be connected together to form a
pulse generator capable of variable frequency and inde-
pendent duty cycle control. The Ryy and Cy of O-S1 de-

CLENV

termine the frequency developed at output Q4. Ry, and
Cyxz of O-S2 determine the output pulse width at Q,. (Re-
triggerable device required.)

Vee
[)
< <
S Ry, S
g oy >
Hh Hiq
I I3 l (%) B
0-81 0-82
CLR i o

=]

TLIF/7508-48

0
” I_ | ouTY cvcLE = hxe O
Rx1 Cxt

0z
. FREQ=

1
K Rx1 Cx1

TUFI7508-49

FIGURE 11. Puise Generator (Retriggerable Device Required)
Note: K is the multiplication factor dependent of the device. Arrow indicates edge-trigger mode.
Delayed Pulse Generator with Override to Terminate
Output Pulse (Figure 12)

An input pulse of a particular width can be delayed with
the circuit shown in Figure 12. Preselected values of Ry4
and Cxy determine the delay time via O-S1, while pre-

selected values of Ryxs and Cxo determine the output
pulse width through O-S2. The override input can addi-
tionally serve to modify the output pulse width.

Vee

o)
< <
fx1 S gy sz:: Cxz
H |-| i I—l
r 0 T 02 b
Vin
0-51 0-52

cp P

0
| T ¢ T TLIFI7508-50
CLEAR D o | Vin
OVERRIDE

0z

TUF/7508-51

FIGURE 12. Delayed Pulse Generator with Override to Terminate Output Pulse
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Missing Pulse Detector (Figure 13)

By setting the time constant of O-S1 through Ry and
Cx, to be at least one full period of the incoming pulse
period, the one-shot will be continuously retriggered as
long as no missing pulse occurs. Hence, @; remains

Vee
[0}

ViN —ry 0-81

Vin

LOW until a pulse is missing in the incoming pulse train,
which then triggers O-S2 and produces an indicating
pulse at Q. (Retriggerabie device required.)

[l

0z

FIGURE 13. Missing Pulse Detector (Retriggerable Device Required)

Pulse Width Detector (Figure 14)

The circuit of Figure 14 produces an output pulse at
Vour if the pulse width at Vyy is wider than the predeter-
mined pulse width set by Ry and Cy.

Vee

A

0,

ViN - 0-§

||i—

Vx

P Vour

FIGURE 14. Pulse Width Detector

TUF/7508-54

TUIF/7508-53
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@
——— M
0
Vx
Vour
TUFI7508-55
FIGURE 14. Pulse Width Detector (Continued) !
Band Pass Filter (Figure 15)
The band pass of the circuit is determined by the time quency of O-S2 has been exceeded. The output at Q3 is
constants of the two low-pass filters represented by gated with the delayed input pulse train at Q4 to produce
0-S1 and 0-S2. With the output at Q, delayed by C, the the desired output. (Retriggerable device required.)

D-flip flop (D-FF) clocks HIGH only when the cutoff fre-

Vee

<
Rx2 &
S

p Hh !

V
T ] T TR o D3 03 Dy 04 —D our
Vin> 0-51 — 0-52 L ¢ 0-FF : 0-FF

_ _ I‘ CLK ; CLK

) G| = P> O3 T

TUFI7508-56

Vin

_n
LT
| |

[

O3

Q

Vour I |||||”|I

FIGURE 15. Band Pass Filter (Retriggerable Device Required)

:

TUF/7508-57
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FM Data Separator (Figure 16)

The data separator shown in Figure 16 is a two-time con-
_stant separator that can be used on tape and disc drive
memory storage systems. The clock and data pulses
must fall within prespecified time windows. Both the
clock and data windows are generated in this circuit.
There are two data windows; the short window is used
when the previous bit cell had a data pulse in it, while
the long window is used when the previous bit cell had
no data pulse.

If the data pulse initially falls into the data window, the
—SEP DATA output returns to the NAND gate that gen-
erates the data window, to assure that the full datais al-
lowed through before the window times out. The clock
windows will take up the remainder of the bit cell time.

Assume all one-shots and flip-flops are reset initially
and the + READ DATA has the data stream as indicated.

NRZ DATA 1 0

18T
<¢—BIT CELL —»

.

N
With O-S1 and O-S2 inactive, + CLK WINDOW is active.
The first + READ DATA pulse will be gated through the
second AND gate, which becomes —SEP CLK for trig-
gering of the R-S FF and the one-shots. With the D-FF
off, 0-S1 will remain reset. The —SEP CLK pulse will
trigger O-S2, whose output is sent’to the OR gate, and
its output becomes + DATA WINDOW to enable the first
AND gate. The next pulse on +READ DATA will be al-

_ lowed through the first AND gate to become -SEP
DATA. This pulse sets the R-S FF, whose HIGH output
becomes the data to the D-FF. The D-FF is clocked on by
0-S2 timing out and +CLK WINDOW becoming active.
Q, will hold O-S2 reset and allow O-S1 to trigger on the
next clock pulse.

soweme [ [ L[ L

SHORT 4 — " -
—DATA WINDOW H H H HE HE
S— - [ =
~LONG ™ r - -
DATA ! H : :
WINDOW e HE

—SEP DATA “

+CLK WINDOW

—

jl
T JL T _TI1
o B

a

o ] L

+SEP CLK Jll I‘
+ SEP DATA n I-I

1

TUF/7508-58

FIGURE 16. FM Data Separator

1-38




The next clock pulse (the second bit cell) is ANDed with
+CLK WINDOW and becomes the next —SEP CLK,
which will reset the R-S FF and trigger O-S1. As O-S1 be-
comes active, the +DATA WINDOW becomes active,
enabling the first AND gate. With no data bit in the sec-
ond bit cell, the R-S FF will remain reset, enabling the
D-FF to be clocked off when +DATA WINDOW falls.
"When the D-FF is clocked off, Q4 will hold O-S1 reset
and allow O-S2 to be triggered.

The third clock pulse (bit cell 3) is ANDed with +CLK
WINDOW and becomes —SEP CLK, which continues re-

setting the R-S FF and triggers O-S2. When O-S2 be-
comes active, + DATA WINDOW enables the first AND
gate, allowing the data pulse in bit cell 3 to become
—SEP DATA. This —SEP DATA will set the R-S FF,
which enables the D-FF to be clocked on when +DATA
WINDOW falls. When this happens, Q4 will hold O-S2
reset and allow O-S1 to trigger. This procedure contin-
ues as long as there is clock and data pulse stream pres-
ent on the + READ DATA line.

+READ DATA

Vee
o ,(
B :: Bxt :: fxz
< c <
X1 l chz
<
]
— SHORT

DATA

WINDOW —SEP
0-51 0-52 —LONG DATA

3 DATA WINDOW 11 +SEPDATA
01 =1 [
i T
CLK
>0y @m +SEPCLK
+CLK
| 1 WINDOW
S 03 04 0 =
FF LK FF
—dr [D "
TUFI7508-59

FIGURE 16. FM Data Separator (Continued)

Phase-Locked Loop VCO (Figure 17)

The circuit shown in Figure 17 represents the VCO in
the data separation part of a rotational memory storage
system which generates the bit rate synchronous
clocks for write data timing and for establishing the
read data windows.

The op-amp that performs the phase-lock control oper-
ates by having its inverting input be driven by two
sources that normally buck one another. One source is
the one-shot, the other source is the phase detector flip-
flop. When set, the one-shot, through an inverter, sup-
plies a HIGH:-level voltage to the summing node of the
op-amp and the phase detector FF, also through an in-
verter, supplies a cancelling LOW-level input.

It is only when the two sources are out of phase with
each other, that is one HIGH and the other LOW, that a

positive- or negative-going phase error will be applied to
the op-amp to effect a change in the VCO frequency.
Figure 17 illustrates the process of phase-error detec-
tion and correction when synchronizing to a data bit pat-
tern. The rising edge of each pulse at DATA+PLO clocks
the one-shot LOW and the phase detector FF HIGH.
Since both outputs are still bucking each other, no
change will be observed at the phase-error summing
node. When the one-shot times out, if this occurs after
the 2F clock has reset the phase detector FF to a LOW
output, a positive pulse will be seen at the summing
node until both the one-shot and the FF are reset. Any
positive pulse will be reflected by a negative change in
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AN-372

the op-amp output, which is integrated and reduces the that a clamping circuit be connected to the output of the
positive control voitage at the VCO input in direct pro- op-amp to prevent the VCO control voltage from going
portion to the duration of the phase-error pulse. A nega- negative or more positive than necessary. A back-to-
tive phase-error pulse occurs when the phase detector - back diode pair connected between the op-amp and the
FF remains set longer than the one-shot. VCO is highly recommended, for it will present a high

. - impedance to the VCO input during locked mode. This
Negative phase-error pulse causes the integrated con- way, stable and smooth operation of the PLO circuit is

trol voltage to swing positive in direct proportion to the

duration of the phase-error pulse. It is recommended assured.

2F Bit Rate Synchronous Read/Write Clock

Vee
o
& ERROR

‘ & DETECT VWA
READ P——i o .
READ DATA p——o, 1 ! D° YWAR

AN -
CLK vy veo
ENABLE D
VCO CENTER FREQ. ADJ. |

CLR
LOCAL OSCILLATOR O | Ny —
RERD ) '_ _r\AN—O REF -

Vee
DATA +PLO o

D3 03 -+ 2F

TUF/7508-60
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FIGURE 17. Phase-Locked Loop Voltage Controlled dscillator
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AFINAL NOTE

It is hoped that this brief note will clarify many pertinent
and subtle points on the use and testing of one-shots. We
invite your comments to this application note and solicit
your constructive criticism to help us improve our service
to you.
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Functional Index/Selection Guide

Functional IndexlSeleciion Guide

* Several methods are used to represent typical values, For propagation delay typical values, the average of the typical values of the two delays are used.

['PHL(TYP)‘*’ 1PLH(TYP)] -
- 2

For power dissipation, the average of the typical values of current for all states the outputs can achieve is used. (IccL, IcCH. lcc2)- This current value is
multiplied by nominal supply voltage (5V), and in some case divided by the number of gates, bits, etc. All other typical values are singular typicals.

Adders

T *
Typ* Typ* p:‘:e, Package
Carry Add Diss Avail. Page
Description Device Type- Time Time IBIt' ag
(ns) (ns) (mW) Mil Com
Single 4-Bit 54/74L5283 12 15 24 JW N 4-298
Full Adders 54/745283 8.5 11 110 JW N 5-147
54/T4LS83A 12 15 24 J,W N 4-93
54/7483 12 20 73 J,W N 6-113
Arithmetic Logic Units, Carry Look-Ahead Generators
Typ*
- "
) ;Z? TAV: d Power Package
Description Device Type ; 4 Diss. Avail. Page
Time Time
( n Total
ns) (ns) (mW) Mil Com
4-Bit ALU/ 54/74AS181B 5 5 675 J N 3-85
Function 54/74S181 7 14 600 J,W N 5-100
. Generators 54/74181 125 18 455 JW N 6-245
54/745381 10 12 525 J,W N 5-165
54/74AS8818B 5 5 675 J N 3-256
Carry 54/74AS182 5 N/A 115 J N 3-93
Look-Ahead 54/745182 9 N/A 345 J,W N 5-108
Generator 54/74AS264 6 N/A 140 J N 3-124
. 54/74AS282 6 N/A 130 J N 3-132
Buffers/Clock Drivers with Totem-Pole Outputs
Low- High- Typ* Typ*
Level Level Prop. Power P:ck;ge
Description Device Type Output Output Delay Diss. vail. Page
Current Current Time IGate
(mA) (mA) (ns) (mW) Mil Com
Dual 4-Input 54ALS40 12 -1 4 3.5 J 2-58
NAND Buffers 74ALS40 24 -26 4 3.5 N 2-58
54LS40 12 -1.2 10 43 J,W 4-53
74LS40 24 -1.2 10 43 N 4-53
54/74S40 60 -3 4 44 J,W N 5-33
54/7440 48 -1.2 105 26 JW N 6-63
54ALS1020 12 -1 4 3.6 J 2-287
74ALS1020 24 -26 4 3.6 N 2-287
Quad 2-Input S54ALS37 12 -1 5 5 J 2-54
NAND Buffers T4ALS37 24 -26 5 5 N 2-54
541537 12 -1.2 10 4.3 JW 4-49
74L837 24 -1.2 10 43 N 4-49
54/7437 48 =12 10.5 27 JW N 6-62
54ALS1000 12 -1 5 35 J 2271
74ALS1000 24 —-26 5 35 N 2-271
54AS1000 40 - 40 2 8.5 J N 3-267
74AS1000 48 - 48 2 8.5 J N 3-267
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Buffers/Clock Drivers with Totem-Pole Outputs (Continued)

Low- . High- Typ* Typ*
Level Level Prop. Power Package
Description Device Type Output | Output Delay Diss. Avail. Page
Current | Current Time IGate
(mA) (mA) (ns) (mW) Mil Com
Quad 2-input 54ALS28 12 -1 3.7 4.5 J 2-46
NOR Buffers 74ALS28 24" -26 3.7 4.5 N 2-46
54ALS1002 12 -1 3.7 4.5 J 2-273
74ALS1002 24 —-2.6 3.7 4.5 N 2-273
54AS1036 40 ~40 - 2 9.7 J 3-277
74AS1036 48 - 48 2 9.7 N 3-277
Quad 2-Input 54ALS1032 12 -1 5.5 5.7 J 2-289
OR 74ALS1032 24 -26 5.5 5.7 N 2-289
54AS1032 40 - 40 25 14 J 3-273
74AS1032 48 - 48 25 14 N 3-273
Quad 2-Input 54ALS1008 12 -1 5.6 4.7 J 2-281
AND 74ALS1008 24 -2.6 5.6 4.7 N 2-281
54AS1008 40 - 40 25 12 J 3-271
74AS1008 48 - 48 25 12 N 3-271
Triple 54ALS1010 12 -1 4 36 J 2-283
3-Input NAND 74ALS1010 24 -2.6 4 3.6 N 2-283
Triple 54ALS1011 12 -1 6.4 4.75 J 2-285
3-Input AND 74ALS1011 24 —-26 6.4 4.75 ’ N 2-285
Hex Buffers 54ALS1034 12 -12 4.5 4.6 J 2-291
74ALS1034 24 -15 4.5 4.6 N 2-291
54AS1034 40 ~40 25 1.9 J 3-275
74AS1034 48 — 48 25 1.9 N 3-275
Hex Inverter 54ALS1004 12 -12 2.6 .33 J 2-277
Buffers 74ALS1004 24 ~-15 2.6 3.3 N 2-277
54AS1004 40 - 40 1.7 8.5 J 3-269
74AS1004 48 — 48 1.7 8.5 N 3-269
Bufters/Clock Drivers with Open-Collector Outputs
High- Low- Typ* Typ*
- Level Leve! Prop. | — Power Package
. Description Device Type Output | Output Delay Diss. Avail. Page
Voltage | Current | Time IGate
(\2] (mA) (ns) (mW) Mil Com
Quad 2-Input 54ALS38 5.5 12 14.5 35 J 2-56
NAND Buffers 74ALS38 5.5 24 14.5 3.5 N 2-56
541538 55 12 15 4.3 JwW 4-51
741538 5.5 24 15 4.3 N 4-51
! 54/7438 5.5 48 12.5 24.4 J,W N 6-64
541526 15 4 16 2 JW 4-41
741526 15 8 16 2 N 4-41
54/7426 15 16 13.5 10 JW N 6-54
54126 15 2 33 1 J,W ~ 7-23
74126 15 3.6 33 1 N 7-23
54ALS1003 5.5 12 14.5 3.5 J 2-275
74ALS1003 5.5 24 14.5 3.5 N 2-275
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Functional Index/Selection Guide

Buffers/Clock Drivers with Open-Collector Outputs (Continued)

High- Low- Typ* Typ* )
: . “Level Level Prop. Power Package
Description Device Type Output | Output Delay Diss. Avail. Page
Voltage | Current | - Time IGate
v) (mA) (ns) (mW) Mil Com
Quad 2-Input 54ALS33 5.5 12 13.5 4.5 J 252
NOR Buffers 74ALS33 .- 5.5 24 135 45 "N 2-52
Hex Buffers/ 5407 30 30 13 21 J,W 6-30
Drivers 7407 30 40 13 21 N 6-30
5417 15 30 13 21 W 6-48
7417 ) 15 40 13 21 N 6-48
54ALS1035 5.5 12 125 4.6 J 2-293
74ALS1035 5.5 24 12.5 46 N 2-293
Hex Inverter 5406 30 30 12.5 26 JW 6-28
Buffers/ 7406 30 40 125 26 N 6-28
Drivers 5416 15 30 - 12.5 26 W 6-46
7416 15 40 125 26 N 6-46
54ALS1005 55 12 125 33 J 2-279
74ALS1005 - 5.5 24 125 33 N 2-279
Buffer Gates with TRI-STATE® Totem-Pole Outputs
Typ* | Typ*
sr:::o :::: Prop. Power Package
-Description Device Type Delay Diss. Avail. Page
: Current | Current Time IGate
(mA) (mA)
(ns) (mW) Mil Com
Quad Buffers 54LS125A -1 12 10 14.4 JW 4-140
7T4LS125A ~26 24 10 14.4 N 4-140
54125 -2 16 11 40 JW 6-157
74125 -5.2 16 1 40 - N 6-157
54LS126A -1 12 10 14.4 JW 4-143.
74LS126A -26 24 10 144 . N 4-143
54126 -2 16 11 45 JW 6-160
74126 -5.2 16 11 45 N 6-160 .
Hex Buffers ~ 54LS365A -1 12 10 10.8 J,W 4-320
74LS365A -26 24 10 10.8 N 4-320
54365 -2 32 10.5 51.6 JW 6-309
74365 -562 32 10.5 51.6 N 6-309
54LS367A -1 12 10 10.8 JW 4-326
74LS367A -26 24 10 10.8 N 4-326
54367 -2 32 12 51.6 J,W 6-315
74367 -52 32 12 51.6 N 6-315 -
Hex Inverter 54LS366A -1 12 10 10.8 JW 4-323
Buffers 74LS366A -26 24 10 10.8 N 4-323
54366 -2 32 10.5 51.6 JW 6-312
74366 -5.2 32 105 51.6 N 6-312
54L.S368A -1 12 10 10.8 JW 4-329
74LS368A -26 24 10 10.8 N 4-329
54368 -2 32 10.5 51.6 JW 6-318
74368 -52- 32 10.5 51.6 N 6-318
70L98 -1 2 30 3 JW 7-91
80L98 -1 3.6 30 3 N 7-91
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(=1
Buffer Gates with TRI-STATE Totem-Pole Outputs (Continued) g
Ll
Typ* Typ* )
. Max Mlax Prop. Power Package g
Description Device Type gource Sink Delay Diss. Avall. Page -
urrent | Current Time IGate 5
(mA) (mA) [=3
(ns) (mW) Mil Com g
QOctal Buffers 54ALS465 -12 12 6.6 8.6 J,W 2-184 a
74ALS465 -15 24 6.6 8.6 N 2-184 [}
5415465 -26 12 14.5 10 A 4348 | B
7415465 -5.2 24 145 10 N 4-348 =
54ALS467 -12 12 6.6 9.1 JW 2-184 g
T4ALS467 -15 24 6.6 9.1 N 2-184 )
541.5467 -26 12 14.5 10. J,W 4-348 c
7415467 -52 24 |' 145 10 N 4-348 §
Octal Inverter 54ALS466 -12 12 4.8 75 JW 2-184
Buffers 74ALS466 -15 24 4.8 7.5 N 2-184
5415466 -26 12 9.5 8 JW 4-348
74LS466 -5.2 24 9.5 8 N 4-348
54ALS468 -12 12 4.7 7.5 JW 2-184
74ALS468 -15 - 24 4.7 7.5 N 2-184
54L.5468 -26 12 9.5 8 W 4-348
7415468 -5.2 24 9.5 8 N 4-348
12-Input NAND 54/74S134 -6.5 20 4.5 45 ! JW N 5-60
Gate/Buffer
Quad Inverter 54AL.S242 -12 12 56 - 16.3 J 2-144
Transceivers 74ALS242 -15 24 5.6 16.3 N 2-144
54AS242 -12 © 48 3.5 33.8 J 3-105
74AS5242 -15 64 3.5 33.8 N 3-105
5415242 -12 12 11 31.8 J,W 4-258
74LS242 -15 .24 11 31.8 N 4-258
545242 -12 48 4.5 1125 W 5-128
745242 -15 64 4.5 112.5 N 5-128
Quad 54ALS243 -12 12 6 23.3 J 2-144
Transceivers 74ALS243 -15 24 6 23.3 N 2-144
54AS243 -12 48 4 45.8 J 3-105
74AS243 -15 64 4 45.8 N 3-105
54L5243 -15 12 12 345 JW ' 4-258
74L.5243 -15 24 12 345 N 4-258
545243, -12 48 5 139.6 JW 5-128
. 745243 -15 64 5 139.6 N 5-128
Octal Inverter 54AS231 -12 40 . 35 18.5 J 3-102
Bus Buffers/ 74AS231 -15 48 3.5 18.5 N 3-102
Drivers 54ALS240 -12 12 2.6 6.5 J 2-141
74ALS240 ' =15 24 2.6 6.5 N 2-141
54AS240 -12 48 3.5 19.2 J 3-105
74AS240 -15 64 3.5 . 19.2 N 3-105
5415240 -12 12 10 14.2 JW 4-255
74L.S240 -15 24 10 - 14.2 N 4-255
545240 -12 48 5 56.3 JW 5-125
745240 -15 64 5 56.3 N 5-125
545940 -12 48 5 56.3 JW 5-169
745940 -15 64 5 56.3 N 5-169
54ALS1240 -12 8 9 5.9 J 2-295
74ALS1240 -15 16 9 5.9 N 2-295
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Buffer Gates with TRI-STATE Totem-Pole Oulpﬁlsk(Cominued)

Functional Index/Selection Guide

Typ* Typ*
. Max N:ax Prop. Power Package .
Description Device Type Source | Sink | poay | Diss. Avail. Page
Current | Current Time IGate
) (mA) (mA)
(ns) (mW) Mil Com
Octal Bus 54ALS241 -12 12 4.3 8.6 J 2141
Buffers/ 74ALS241 -15 24 43 8.6 N 2-141
Drivers 54AS241 -12 48 4 24.6 J 3-105
74AS241 -15 64 4 246 N 3-105
5418241 -12 12 10 14.2 JW 4-255
7418241 -15 24 10 14.2 N 4-255
545241 -12 48 5 67.2 JW 5-125
748241 -15 64 5 67.2 N 5-125
54ALS244 -12 12 4.3 8.5 J 2-147
74ALS244 -15 24 43 8.5 N 2-147
54AS244 -12 48 4 241 J 3-105
74AS244 ~15 64 4 241 N 3-105
5415244 -12 12 10 246 JW 4-261
7415244 -15 24 ‘10 246 N 4-261
545244 -12 48 5 67.2 JwW 5-125
745244 -15 64 5 67.2 N 5-125
545941 -12 48 5 . 67.2 JW 5-169
745941 -15 64 5 67.2 N 5-169
54ALS1241 -12 12 "9 5.9 J 2-295
74ALS1241 -15 24 9 5.9 N 2-295
54ALS1244 -12 12 9 5.9 J 2-303
74ALS1244 -15 24 9 5.9 N 2-303
Octal 54ALS245 -12 12 9 21.7 J 2-150
Transceivers 74ALS245 -15 24 9 21.7 N 2-150
54A85245 -12 32 5.5 49.1 J 3111
74AS245 -15 48 55 49.1 N 3111
5415245 -12 12 8 36.3 JW . 4-264
7415245 -15 24 8 36.3 N 4-264
54ALS623 -12 T 12 9 20 J 2-225
T4ALS623 -15 24 9 20 N 2225
54AS5623 -12 48 5 49.2 J 3-181
74AS623 -15 64 5 49.2 . N 3-181
54ALS645 -12 12 5 21.7 J *
T4ALS645 -15 24 5 217 N *
54AS645 -12 48 6.5 49.2 J 3-189
74AS645 -15 64 5.5 49.2 N 3-189
5415645 -12 12 8 36 JW 4-354
745645 ~15 24 8 36 N 4-354
54ALS1243 -12 8 7 19 J 2-299
74ALS1243 -15 16 7 19 N 2-299
54ALS1245 -12 8 9 14 J N 2-306
74ALS1245 -15 16 9 14 J N 2-306
54ALS1623 -12 8 75 8.9 J 2-315
74ALS1623 -15 16 7.5 8.9 N 2-315
54ALS1645 -12 8 7.5 14.4 J 2-322
74ALS1645 -15 16 75 14.4 N 2-322

*Request Data Sheet
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Buffer Gates with TRI-STATE Totem-Pole Outputs (Continued)

Typ* Typ*
Max Max Prop. Power Package
Description Device Type go urce Sink Delay Diss. Avalil. Page
urrent | Current Time IGate
AmA @A g | mw) Mil Com
Octal Inverter 54ALS620 -12 12 8 14.6 J 2219
Transceivers 74ALS620 -15 24 8 14.6 N 2219
54AS5620 -12 48 5.5 32.7 J 3-181
74AS620 -15 64 5.5 32.7 N 3-181
54ALS640 -12 12 5 15.4 J *
74ALS640 -15 24 5 15.4 N *
54AS640 -12 48 4 32.9 J 3-189
74AS640 -15 64 4 329 N 3-189
54ALS1242 -12 12 5 10.9 J 2-299
74ALS1242 -15 24 5 10.9 N 2-299
54ALS1620 -12 8 7.5 11.3 J 2-309
74ALS1620 -15 16 7.5 1.3 N 2-309
54ALS1640 -12 8 5.5 1.3 J 2-322
74ALS1640 -15 16 55 11.3 N 2-322
Octal Trans- 54AS230 -12 48 3.5 20.8 J 3-102
ceivers with 74AS230 -15 64 35 20.8 N 3-102
True and 54A1.S643 -12 12 5 19.4 J *
Inverting T4ALS643 -15 24 5 19.4 N *
Outputs 54AS643 -12 48 4 44.4 J 3-189
74AS643 -15 64 4 44.4 N 3-189
54ALS1643 -12 8 8 13.8 J 2-322
T4ALS1643 -15 16 8 13.8 N 2-322
Octal Trans- 54AS646 -12 32 5 93.8 J : 3-194
ceivers with 74AS646 -15 48 5 93.8 N 3-194
Register 54AS652 -12 32 5 93.8 J 3-199
Storage 74AS652 -15 48 5 93.8 N 3-199
Octal Inverter 54AS648 -12 32 6 81.3 J 3-194
Transceivers 74AS648 -15 48 6 81.3 N 3-194
with Register 54AS651 -12 32 6 81.3 J 3-199
Storage 74AS651 -15 48 6 813 N 3-199
Octal Inverting 54/74AS2620 -2 1 4.5 38.3 J N 3-279
Transceivers/ 54/74ALS2640 J N 2-330
MOS Drivers 54/74AS2640 -2 1 5.5 34.6 J N 3-282
Octal Bus 54/74ALS2643 J N 2-322
Transceivers/ 54/74AS2643 J N 3-282
MOS Drivers
with True and
Inverting
Outputs
Octal Bus 54/74AS2623 -2 1 5.5 51 J N 3-279
Transceivers/ 54/74ALS2645 J N 2-322
MOS Drivers 54/74AS2645 -2 1 5.5 47 J N 3-282
Octal 54AS621 N/A 48 13 52 J 3-181
Transceivers 74AS621 N/A 64 13 52 N 3-181
with Open 54AS641 N/A 48 1 42 J 3-189
Collector Outputs 74AS641 N/A 64 11 42 N 3-189
Octal Inverter 54AS622 N/A 48 13 27 J 3-181
Transceivers 74AS622 N/A 64 13 27 N 3-181
with Open 54AS642 N/A 48 12 28 J 3-189
Collector Outputs 74AS642 N/A 64 12 28 N 3-189

*Request Data Sheet
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Functional Index/Selection Guide

Buffer Gates with Open-Collector Outputs .

High- Max Typ* Typ*
Level Sink Prop. ‘| Power Package
Description Device Type Output Current Delay Diss. Avalil, Page
Voitage " Time IGate
) (mA) ms) | (mw) Mil Com
Octal Trans- 54ALS621 5.5 12 23 16.9 J 2:222
ceivers with | T4ALS621 5.5 .24 23 16.9 N 2-222
Open-Collector 54ALS641 55 12 175 18.1 J *
Outputs 74ALS641 5.5 24 17.5 18.1 N Sk
54ALS1621 5.5 8 18 - 84 J 2-312
74ALS 1621 5.5 16 18 8.4 N 2-312
54ALS1641 5.5 8 18 14.4 s d 2-326
74ALS1641 ' 55 16 18 14.4 . N 2-326
Octal fnverter 54ALS622 5.5 12 22 7.8 J 2-222
Transceivers 74ALS622 5.5 24 22 78 N 2222
with Open- 54AL.S642 5.5 12 20 6.6 J *
Collector T4ALS642 5.5 24 20 6.6 . N *
Outputs | 54ALS1622 5.5 8 19 9.7 J 2-312
74ALS1622 5.5 16 19 9.7 N 2-312
54ALS1642 5.5 8 19 125 J 2-326
) 74ALS1642 5.5 16 19 12.5 N 2-326
QOctal Trans- 54ALS644 5.5 12 19.8 12.8 J *
celvers with 74ALS644 5.5 24 19.8 12.8 N *
True and 54ALS1644 5.5 8 23 13.8 J 2-326
Inverting T4ALS1644 5.5 16 23 13.8 N 2-326
Open-Collector
Outputs
Buffer Gates with TRI-STATE and Open Collector Outputs
High- Typ* Typ*
Level Srl:::e :I::: Prop. Power Package .
Description Device Type Output Delay Diss. Avail. Page
Voltage Current | Current Time IGate ‘
(mA) (mA) » -
) (ns) (mWw) Mil Com
Octal 54ALS639 5.5 -12 12 10 18.3 J *
Transceivers 74ALS639 . 5.5 - 15 24 10 18.3 N *
54AS639 5.5 -12 48 7 44 J 3-186
74AS639 5.5 -15 64 7 44 N 3-186
54ALS1639 5.5 -12 8 14 14.4 J . 2-318
74ALS1639 5.5 -15 16 14 . 14.4 N 2-318
Octal 54A1L.S638 5.5 -12 12 10 123 J *
Inverter 74ALS638 5.5 -15 - 24 10 123 N *
Transceivers 54AS638 5.5 -12 .48 5.1 28.3 J 3-186
74AS638 5.5 -15 64 5.1 28.3 N 3-186
54ALS1638 5.5 -12 8 13.5 14.4 J 2:318
74ALS1638 5.5 -15 16 13.5 14.4 N 2-318

*Request Data Sheet
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-
Code Converters S
Qe
Typ* Typ* o
Prop. Power Package 3
Description Device Type Delay Diss. Avail. Page -
Time Total g_
(ns) (mW) Mil Com g
6-Bit Binary to 6-Bit 54/74185A 25 280 JW N 6-253 a
BCD Converters 8899 31 350 N 6-381 ®
6-Bit BCD to 6-Bit 54/74184 25 280 Jw N 6-253 8
Binary or 4-Line to 8898 31 350 N 6-381 g
4-Line BCD 9's/BCD : 3
10’s Converters (9]
[~
&
o
Comparators
Typ* Typ*
Prop. Power Package
Description Device Type Delay Diss. Avail. Page
Time Total
(ns) (mW) Mil Com
4-Bit 54/741.585 20 52 JwW N 4-97
Magnitude 54/7485 21 275 JW N 6-117
Comparator 54/741.85 70 20 J,w N 7-54
72/8200 20 175 JW N 6-334
6-Bit 71/8131 20 250 JW N 6-326
Magnitude 71/8136 - 20 250 J,W N 6-329
Comparators 71/8160 . 21 205 JW N 6-332
8-Bit 54/74ALS520 13.5 60 J N 2-188
Identity 54/74ALS521 13.5 60 J N 2-188
Comparator '
8-Bit Identity 54/74ALS518 18.2 55 J N 2-188
Comparator 54/74ALS519 18 55 J N 2-188
with Open- 54/74ALS522 19 45 J N 2188
Collector 54/74ALS689 1 60 J N 2-238
Outputs ’
10-Bit 71/8130 21 240 JW N 6-324
Magnitude
Comparators !
12-Bit 54/74ALS679 18 85 J N 2-233
Address 54/7T4ALS680 18 67 J . N 2-267
Comparator
16-Bit 54/T4ALS677 22 105 J N 2228 -
Address - 54/74ALS678 18 85 J N 2-228
Comparator :
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Functional Index/Selection Guide

Counfers, Asynchronous (Ripple Clock)/Negative-Edge-Triggered

‘Typ*
Count Power Package
Description Device Type Freq. Parallel Clear Diss. Avail. Page
(MH2) Load Total
! (mW) Mil Com
4-Bit Binary 54/74L593 32 " None High 39 JW N 4-104
54/7493A 32 None High 160 JW N 6-124
54/741.93 6 None High 20 JW N 7-60
54/74177 35 Yes Low 150 JW N 6-233
54/74LS197 30 Yes Low 60 JW N 4-242
54/745197 100 Yes Low 375 J,W N 5-119 -
54/74197 40 Yes Low 240 S JW N 6-282
54/74L.5293 32 None High 45 J,W N 4-306
Decade '54/74L.S90 32 Set-to-9 High 40 J W N 4-104
54/7490A 32 Set-to-9 High 160 J,W N 6-124
54/741.90 6 Set-to-9 High 20 J,wW N 7-60
54/74176 35 Yes Low 150 J,W N 6-233
54/74L.5196 30 Yes Low 60 JW N 4-242
54/745196 100 Yes Low 375 JW N 5-119
54/74L.5290 32 None High 45 J,W N 4-302
Divide by 12 54/74L.592 32 None High 39 W N 4-104
54/7492A 32 None High 160 J,W N 6-124
Dual 4-Bit 54/74L.5390 25 None High 75 J,W N 4-341
Decade
Dual 4-Bit 54/741.8393 25 None High 75 J,W N 4-345
Binary
Counters, Synchronous/Positive-Edge-Triggered
Typﬁ'
Count Power Package
Description Device Type Freq. Parallel .| cjlear Diss. Avail. Page
(MHz2) Load Total
(mWw) Mil Com
4-Bit Binary 54/74ALS161 25 Sync "~ Async-L 60 J N 2-103
54/74AS161 Sync Async-L 200 J N 3-70
54/74LS161A 25 Sync Async-L 93 JW N © 4178
54/745161 40 Sync Async-L 475 JW N 5-87
54/74161A 25 Sync Async-L 305 J,W N 6-202
54/74ALS163 25 Sync Sync-L 60 J N 2-103
54/74AS163 Sync Sync-L 200 J N 3-70
54/74LS163A 25 Sync Sync-L 93 J,W N 4-178
54/74S163 40 Sync " Sync-L 475 JW N 587
54/74163A 25 Sync Sync-L 93 J,W N .6-202
75/8556 25 Sync Sync-L 375 JW N 6-366
93/8316 25 Sync Async-L 305 J,wW N 6-426
76L76 6 Sync Async-L 33 J,W N 7-121
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Counters, Synchronous/Positive-Edge-Triggered (Continued)

Typ*
Count Power Package
Description Device Type Freq. Parallel Clear Diss. Avail. Page
(MHz) Load Total
(mWw) Mil Com

4-Bit Binary | 54/74ALS169. 25 Sync None 75 J N 2-118

Up/Down 54/74AS169 Sync None 230 J N 3-77

i 54/74LS169A 25 Async None 100 J N 4-200

54/74ALS191 25 Async None 60 J N 2-126

54/74L.5191 20 Async None 90 J,W N 4-221

54/74191 20 Async None 325 JW N 6-259

54/74ALS193 25 Async Async-H " 60 J N 2-134

54/74L.S193 25 Async Async-H 85 J,W N 4-227

54/74193 20 Async Async-H 325 JW N 6-265

54/74L193 6 Async Async-H 40 J,W N 7-82

75/85L63 6 Async Async-H 40 JW N 7-111

Decade 54/74ALS160 25 Sync Async-L .60 J N 2-103

54/74AS160 Sync Async-L 200 J N 3-70

54/74LS160A 25 Sync Async-L 93 W N 4-178

54/74S160 40 Sync Async-L 475 JW N 5.87

54/74160A 25 Sync Async-L 305 W N 6-202

54/74ALS162 25 Sync Sync-L 60 J N 2-103

54/74AS162 Sync Sync-L 200 J N 3-70

54/74LS162A 25 Sync Sync-L 93 JW N 4-178

54/745162 40 Sync Sync-L 475 J,wW N 5-87

54/74162A 25 Sync Sync-L . 305 JW N 6-202

93/8310 25 Sync Async-L 305 JW N 6-411

76/86L75 6 Sync Async-L 33 JwW N 7121

Decade 54/74ALS168 25 Sync None 75 J N 2-118

Up/Down 54/74AS168 Sync None 230 J N 3-77

54/74LS168A 25 Sync None 100 W N 4-200

54/74ALS190 20 Async None 110 J o N 2-126

54/74L.S190 20 Async None 100 W N 4-221

! 54/74190 20 Async None 325 JW N 6-259

54/74ALS192 20 Async Async-H 60 J N 2-134

54/741L5192 25 Async Async-H 85 J,W N 4-227

54/74192 20 Async Async-H 325 J,w N 6-265

54/74L192 6 Async Async-H 40 J,W N 7-82

75/85L60 6 Async Async-H 40 JW N 7111

Modulo-N 7518520 15 Sync None 250 JW N 6-346
Divider '
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Functional Index/Selection Guide

Data Selectors/Multiplexers

Typ* Prop. Delay Typ*
Type Data Time (ns) Power Package
Description Device Type of Inver. Diss. Avail. Page
Output Output D:ota From Total
out . Enable | (mW) il Com
Quad 2 to 1 54/74ALS157 Standard N/A 4.3 6.3 39 J N 2-100
Line 54/74AS157 Standard N/A 3.5 5.5 95 J N 3-66
54/74LS157 Standard N/A 9 14 49 JW N 4173
54/74S157 Standard N/A 5 8 250 J,w N 5-82
54/74157 Standard N/A 9 14 150 JW N 6-199
54/74L157A Standard N/A 40 60 15 JW N 7-72
54/74ALS257 | TRI-STATE N/A 4.2 6 33 J N 2-159
54/74AS257 TRI-STATE N/A 35 4 83 J N 3120
54/74LS257B | TRI-STATE N/A 12 12 50 JW N 4-283
54/74S257 TRI-STATE N/A 5 1 320 JW N 5-138
93/8322 Standard N/A 9 14 150 JW N 6-437
71/81L22 Standard N/A 40 60 15 J,W N 794
71/8123 TRI-STATE N/A 9.5 N/A 200 J,W N 6-321
71/81L23 TRI-STATE N/A 40 N/A 20 J,W N 794
Quad 2 to 1 54/74ALS158 Standard 4.2 N/A 6.1 115 J N 2-100
Line 54/74AS158 Standard 25 N/A 4 78 J N 3-66
(Inverting) 54/74L.S158 Standard 7 N/A 12 24 J,W N 4-173
54/74S5158 Standard 4 N/A 7 195 JW N 5-82
54/74ALS258 | TRI-STATE - 4.2 N/A 6 29.2 J N 2-159
54/74AS258 TRI-STATE 3 N/A 4.5 58.5 J N 3-120
54/741.5258B | TRI-STATE 12 N/A 12 35 JW N 4-283
54/74S258 TRI-STATE 4 N/A 14 280 J,W N 5-138
Quad 2to 1 54/741.5298 Standard N/A 20 NIA 65 J,W N 4-310
Line with :
Storage )
Dual 4to 1 54/74ALS153 | Standard N/A 16.5 145 - 375 J N 297
Line 54/74AS153 Standard N/A 8.7 76 105 J N 3-63
54/74L.S153 Standard N/A 14 22 31 JW N 4-162
54/745153 Standard N/A 6 9.5 225 JW N 5-79
54/74153 Standard ' N/IA 105 20 170 JW N 6-187
54/74_AL3253 TRI-STATE N/A 8 45 35 J N 2-156
54/74AS253 TRI-STATE N/A 5 55 116.7 J N 3117
54/74L3253\ | TRI-STATE N/A 15 25 38 J,W N 4-280
54/745253 TRI-STATE N/A 6 12 275 J,W N 5-135
54/74253 TRI-STATE - N/A 135 20 170 JW N 6-302
93/8309 Standard 12 20 20 135 J,W N 6-408
Dual 4 to 1 54/74ALS352 | Standard 6 4.5 325 J N 2171
Line (Inverting)| 54/74AS352 Standard 3 4.5 122.5 J N 3-141
54/741.8352 Standard 15 N/A 18 31 JW N 4-314
54/74ALS353 | TRI-STATE 6 N/A 45 375 J N 2174
54/74AS353 TRI-STATE 3 N/A 6 130 J N 3-144
54/741.S353 TRI-STATE 15 N/A 15 38 J W N 4-317
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Data Selectors/Multiplexers (Continued)

Typ* Prop. Delay Typ*
Type Data . Time (ns) Power Package
Description Device Type of Inver. Diss. Avall. Page
Output Output D::a From Total
Out Enable (mW) Mil Com
8to 1 Line 54/74ALS151 | Standard 9.3 7.8 11 37.5 J N 2-94
54/74AS151 Standard 2.8 3.5 5 130 J N 3-60
54/74L.S151 Standard 1 18 27 30 JW N 4-158
54/745151 Standard 4.5 8 9 225 W N 5.75
54/74151A Standard 8 16 22 145 JW N 6-179
54/74ALS251 | TRI-STATE 9.4 7.6 7 47 J N 2-152
54/74AS251 TRI-STATE 2.8 3.5 4.5 140 J N 3-113
54/741.5251 TRI-STATE 17 21 21 35 JW N 4-276
54/745251 TRI-STATE 4.5 8 14 275 J,W N 5-131
54/74251 TRI-STATE 11 18 17 155 JW N 6-298
93/8312 Standard 9. 16 17 135 J,W N 6-422
16 to 1 Line 54/74150 Standard 11 N/A 18 200 JW N 6-179
~ Decoders/Demultiplexers
. . Typ*
Type sTyp Typ Power Package
. elect Enable .
Description Device Type of Time Time Diss. - Avail. Page
Output (s) (ns) Total
(mW) Mil Com
Dual 2 to 4 54/74L.S139 Totem 22 19 34 JW N 4-152
Line 54/745139 Totem 7.5 6 300 J,W N 5-68
54/74LS155 Totem 18 15 30 JW N 4-168
54/74155 Totem 21 16 250 J,W N 6-194
54/74L.5156 Open-Collector ‘33 26 31 JW N 4-168
54/74156 Open-Collector . 33 18 250 JW N 6-194
3 to 8 Line 54/74ALS138 Totem 8.5 9 25 J N 2-91
54/74L.S138 Totem 22 21 31 J,W N 4-152
54/745138 Totem 8 7 225 JW N 5-68
54/74AS138 Totem 5.4 5.5 80 J N 3-57
72/8223 Totem 25 N/A 140 JW N 6-341
3 to 8 Line 54/74ALS131 Totem 8.5 10 25 J N 2-77
Decoder with 54/74AS131 Totem 5.4 55 80 J N 3-49
Address '
Register
3to 8 Line « 54/74ALS137 Totem 11 10 25 J N 2-87
Decoder with 54/74AS137 Totem 7 5.5 80 J N 3-54
Address
Latch )
4 to 10 Line 54/74L.542 Totem 17 N/A 35 J,W N 4-55
BCD to 54/7442 Totem 17 N/A 140 J,wW N 6-71
Decimal 54/74L42A Totem 67 N/A 15 J,W N 7-27
93/8301 Totem 20 N/A 125 J,W N 6-405
4 to 16 Line 54/74L.5154 Totem 23 19 45 W N 4-165
54/74154 Totem 19.5 17.5 170 JW N 6-190
93/8311 Totem 19.5 17.5 170 J,W N 6-418
10f 10 93/8301 Totem 19.5 N/A 125 W N 6-405
Decoder
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Functional Index/Selection Guide

Decoder/Drivers, Display

Off-. Typ*
' Output State Power Package
Description Device Type Sink Output Diss. Blanking Avail. Page
Current Voltage Total )
(mA) V) (mW) Mil Com

BCD to 54/7446A 40 30 320 Ripple JW N 6-77
7-Segment 541.847 12 15 35 Ripple JW 4-58
Decoder/ 741847 24 15 35 Ripple N 4-58
Drivers 54/7447A 40 15 320 Ripple JW N 6-77
541548 2 5.5 125 Ripple J,W 4-58
741548 6 5.5 125 Ripple N 4-58
54/7448 6.4 5.5 265 Ripple JW N 6-77
541849 4 5.5 40 Direct JW 4-58
74LS49 8 5.5 40 Direct N 4-58
5418247 12 5.5 35 Ripple JW 4-267
7415247 24 5.5 35 Ripple N 4-267
5415248 2 5.5 125 Ripple JW 4-267
7415248 6 5.5 125 Ripple N 4-267
5415249 4 5.5 40 Direct J W 4-267
7415249 8 55 40 Direct N 4-267
BCD to 547442 16 5.5 140 Invalid JW N . 671
Decimal 54/7445 80 30 215 Invalid JW N 6-74
Decoder/ 54/74141 7 60 80 - Invalid JW N 6-166
Driver 54/74145 80 15 215 Invalid JW N 6-169
Nixie Driver 54/7441A 7 70 105 None JW N 6-68

Error Detection/Correction

Package
Description Device Type Byte-Write Output Avail. Page
Mil Com
32-Bit 54/74ALS632 Yes TRI-STATE J N *
Parallel 54/74ALS633 Yes " Open-Collector J N *
54/74ALS634 No TRI-STATE J N *
54/74ALS635 ‘No Open-Collector J N *
Flip-Flops, Gated
y TP | guup | Rold | power | ok
Device Type Clear Preset (:xl‘-‘li) Time Time Diss. Avail. Page
(ns) (ns) IFF(mW) Mil Com

54/7470 Yes Yes 35 20 0 65 JW N 6-95
54/74L71 Yes Yes 11 0 0 3.8 JW N 7-36
54/7472 Yes Yes 20 20 0 45 JW N 6-98
54/74L72 Yes Yes 20 0 0 3.8 Jw N 7-39
75/8512 Yes No 28 15 0 110 JW N 6-343
75/8544 No, No N/A N/A N/A 44 J,W N 6-356
76/8613 No Yes 30 24 0 73 JW N 6-373

"Request Data Sheet
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Flip-Flops, Single and Dual J-K Edge Triggered

BB | G | Nola | pomer | Pockase
Device Type Clear Preset (:mi) Yime Time Diss. Avail. Page
(ns) (ns) IFF(mW) Mil Com
54/74LS73A Yes No 45 25 5 10 J,W N 4-73
54/74LS76A Yes Yes 45 20 0 10 JW N 4-83
54/74LS78A Yes Yes 45 20 0 10 JW N 4-90
54/74LS107A Yes No 45 20 0 10 JW N 4-116
54/74ALS109 Yes Yes 50 15 0 6 J N 265
54/74AS109 Yes Yes 125 3 1 28.8 J N 3-37
54/74LS109A Yes Yes 33 25 0 10 JW N 4-119
54/74109 Yes Yes 33 10 6 45 JW N 6-145
54/74ALS112 Yes Yes 40 25 0 6 J N 2-68
54/74AS112 Yes Yes 200 95 J N 3-40
54/74LS112A Yes Yes 45 20 0 10 J,W N 4-122
54/74S112 Yes Yes 125 6 0 75 JW N 5-48
54/74ALS113 No Yes 40 25 0 6 J N 27
54/74AS113 No Yes 200 95 J N 3-43
54/74LS113A No Yes 45 20 0 10 JW N 4-125
54/745113 No Yes 125 6 0 75 JW N 5-52
54/74ALS114 Yes Yes 40 25 0 6 J N 2-74
54/74AS114 Yes Yes - 175 95 J N 3-46
54/74LS114A Yes Yes 45 20 0 10 | JW N 4-128
54/745114 Yes Yes 125 6 0 75 JW N 5-55
90/8024 Yes Yes 40 15 10 45 J,W N 6-397
Flip-Flops, Dual D Edge Triggered with Preset and Clear
. Data | Data | Typ*
':'yp Setup '{ Hold | Power PaAckage
MAX vail. Page
(MH2) Time | Time | Diss.

Device Type (ns) (ns) |IFF(mW) Mil Com
54/74ALS74 30 15 0 6 J N 2-60
54/74AS74 125 2 1 26.3 J N 3-29
54/74LS74A - 33 20 0 10 J W N 4-76
54/74574 110 3 2 75 JW N 5-41
54/7474 25 20 5 43 JW N 6-104
54/74L.74 6 50 15 4 JW N 7-45
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Functional Index/Selection Guide

Flip-Flop, Octal D Edge Triggered with TRI-STATE Outputs

N Data Data Typ* Package
Typ Setup Hold Power Avalil.
Device Type fmax Time Time Diss. Page
(MHz) (ns) (ns) IFF(mW) Mil Com
54/74ALS374 50 10 4 10.8 J N 2.180
54/74AS374 200 3 3 50.3 J N 3-150
54/74LS374 50 20 0 15.9 JW N 4.332
54/74S374 - 100 5 2 60.9 JW N 5.158
54/74ALS534 50. 10 0 10.4 J N 2-195
54/74AS534 200 3 2 50.3 J N 3-157
54/74ALS564 50 15 4 8.5 J N 2-202
54/74ALS574 50 15 4 8.5 J N 2-209
54/74AS574 200 3 3 50.4 J N 3-164
54/74AS575 160 3 K] 53 . d N 3-167
54/74ALS576 50 15 4 8.5 J N 2-212
54/74AS576 160 3 3 52.5 J N 3-170
54/7T4AS577 160 3 ‘3 50.4 J N 3-174
54/74ALS874 50 15 4 10.8 J N 2-259
54/74AS874 160 25 1 62.5 J N 3-236
54/74ALS876 50 15 4 10.8 J N 2-263
54/74AS876 160 25 1 58 J N 3-240
54/7T4AS878 160 3 3 625 J N 3-244
54/74AS879 160 3 3 59 J N 3-248
Flip-Flops, Single and Dual, Pulse Triggered }
 Typ* Data Data Typ* , Package
Device Type Clear Preset (:\m)z() ?r?::: .:::: v P[;:: ' Avail. Page
' (ns) (ns) IFF(mW) Mil Com
54/7473" No Yes 35 0 0 50.0 JW N 6-101
54/74L73 No Yes 11 0 0 3.8 JW N 7-42
5417476 Yes Yes 20 0 0 50.0 JW N 6-110
54/74L.78 Yes . Yes 1 0 -0 3.8 J,W N 7-51
54/74107 . No Yes . 20 0 0 50.0 JW N 6-142
Gates, AND with Totem-Pole Outputs
Typ* :YP' Package
Prop. ower Avalil.
Description Devjce Type Delay Diss. a Page
Time(ns) IGate(mW) Mil Com

Dual 4-Input 54/74ALS21 9 22 J N 2-40

54/74AS21 33 125 J N 3-19

54/74L.S21 7.8 45 JW N 4-37
Triple 3-Input 54/74ALS11 9 241 J N 2-27

54/74AS11 3.3 12.9 J N 3-15

54/74LS11 7.8 43 JW N 4-23

54/74S11 48 31 JW N 5-21

54/7411 11 18 JW N 6-38

54/74L11 425 2 Jw N - 7-19
Quad 2-Input 54/74ALS08 6.5 2.2 J N 2-21

54/7T4AS08 3.3 12.9 J N 3-11

54/74L.S08 7.8 4.3 JW N 417

54/74508 4.8 31 JW N 5-15

54/7408 15 19 JW N 6-32

54/741L08 45 2 W N 7-15

1-56




Gates, AND with Open-Collector Outputs

Typ* Typ* Package
Prop. Power Avail.
Description Device Type Delay Diss. Page
Time(ns) IGate(mW) Mil Com
Triple 3-Input 54/74ALS15 17 1.5 J N 2-36
54/74LS15 19 4.3 JW N 4-33
54/74515 6 28 J,W N 5-23
Quad 2-input 54/74ALS09 17 2.2 J N 223
54/74L.S09 19 4.3 W N 419
54/74S09 6.5 31 JW N 5-17
54/7409 18.5 19.4 JW N 6-34
Gates, AND-OR-INVERT with Totem-Pole Outputs
Typ* Typ* Package
D ioti Device T Prop. Power Avail. Page
escription evice Type Delay Diss. g
Time(ns) IGate(mW) - Mil Com
2-Wide 4-Input 54/74LS55 7.5 2.75 JW N 4-71
54/741.55 43 1.5 JW N 7-34
Dual 2-Wide 54/74L.551 7.5 2.75 W N 4-67
2-Input 54/74851 3.5 28 J,W N 5-35
54/7451 10.5 14 JW N 6-88
. 54/74L.51 43 1.5 JW. N 7-30
4-Wide 4-2-3-2 54/74564 3.5 29 J,W N 5-37
Input
4-Wide 2-Input 54/7454 10.5 23 JW N 6-93
4-Wide 2-3-3-2 54/74L.S54 1 4.5 JV,W N 4-69
Input 54/74L54 43 1.5 Jiw N 7-32
Gates, AND-OR-INVERT with Open-Collector Outputs
Typ* Typ* Package
D iption Device T Prop. Power Avail. Page
escriptio evice Type Delay Diss. g
Time(ns) IGate(mW) Mil Com
4-Wide 4-2-3-2 54/74S65 5.5 36 JW N 5-39
Gates, Expandable
Typ* Typ* Package
. . Prop. Power Avail.
Description Device Type Delay Diss. Page
} Time(ns) IGate(mW) Mil Com
Dual 2-Wide 54/7450 10.5 14 J,wW N 6-85
AND-OR-INVERT
Gates
4-Wide AND-OR- 54/7453 10.5 23 JW N 6-90
INVERT Gates
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Functional Index/Selection Guide

Gates, NAND and Inverters with Open-Collector Outputs

Typ* Typ* Package
Description Device Type ;;T:; P;)i:l:r Avail. Page
Time(ns) IGate(mW) Mil Com
Dual 4-Input 54/74ALS22 19 13 J N 2-42
NAND Gates 54/74L522, 10 2 JW N 4-39
54/74S22 5 17.5 JW N 5-27
Triple 3-Input 54/74ALS12 18 1.3 J N 2-29
NAND Gates 54/74LS12 21 2 J,W N 4-25
Quad 2-input 54/74ALSO1 17 1.3 J N 211 -
'NAND Gates 54/74L.S01 21 2 JW N 47
54/7401 32 10 J,W N 6-18
. 54/74L01 41 1 JW N 75
54/74ALS03 17 13 J N 2-15
54/74L.S03 22 2 J,w N 4-11
54/74S03 7 175 J,w Nt 59
54/7403 10 - 22 J,W N 6-22
54/74L03 41 1 J,W N 79
90/8012C 20 11 JW . N 6-393
Hex Inverters 54/74ALS05 18 1.5 J N 2-19
54/74L.S05 21 2 J,W N 415
54/74S05 7 175 JW N 513
54/7405 22 10 JW N 6-26
54/74L05 46 1.2 JwW ‘N 7-13
Gates, NAND and inverters with Totem-Pole Outputs
) ;VP' :Vp' Package
rop. ower .
Description Device Type Delay Diss.. Avail. Page
Time(ns) IGate(mW) Mil Com
Dual 4-Input 54/74ALS20 6.5 13 J N 2-38
NAND Gates 54/74AS20 2 8.7 J N 317
54/74LS20 8 2 J,W N 4-35
54/74S20 4.5 19 JW N 5-25
54/7420 10 10 JwW N 6-50
54/74L20 33 1 J,wW N 7-21
9004C 10 11 J,W N 6-391
Triple 3-Input 54/74ALS10 7 1.3 J N 2-25
NAND Gates 54/74AS10 2 14 J N 313
54/74LS10 8 2 JW N 4-21
54/74510 45 19 JW N 5-19
54/7410 10 10 J,W N 6-36
54/74L10 33 1 JwW N 717
9003C 10 11 JW N 6-389
Quad 2-Input 54/7T4ALS00 35 1.25 J N 29
NAND.Gates 54/74AS00 2 8 J N 35
54/74L.S00 8 2 J,W N 4-5
54/74S00 45 19 J,W N 55
54/7400 10 10 JW N 6-16
54/74L00 33 1 J,W N 73
9002C 10 1 JwW N 6-38
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Gates, NAND and Inverters with Totem-Pole Outputs (Continued)

;yp" F:I'yp" Package
- rop. ower Avail.
Description Device Type Delay Diss. Page
Time(ns) IGate(mW) Mil Com
Hex Inverters 54/74ALS04 35 15 J N 217
54/74AS04 2 71 J N 39
54/74L504 8 2 JW N 4-13
54/74504 45 19 JW N 5-11
54/7404 10 10 J,W N 6-24
54/74L04 33 1 JW N 7-11
9016C 10 1 J,W N 6-395
8-Input NAND 54/74ALS30 6.5 1.9 J N 2-48
Gates 54/74AS30 2 9.8 J N 3-23
54/74LS30 10 24 JwW N 4-45
54/74S30 45 19 JW N. 5-29
54/7430 10 10 Jw N 6-58
54/74L.30 33 1 W N 7-25
13-Input NAND 54/74ALS133 7 2 J N 2-83
Gate 54/745133 6 19 J,W N 5-58
Hex 54/74AS34 4.5 12 J N 3-27
Non-Inverter
Gates, NAND with Passive Pull-Ups
Typ* Typ* Package
e . Prop. Power Avail.
Description Device Type Delay Diss. Page
' Time(ns) IGate(mW) Mil Com
Quad 2-Input 80L06 115 1.8 N 7-89
Gates, Exclusive NOR, OR with Open-Collector Outputs
Typ* Typ* Package
Prop. Power Avalil.
Description Device Type Delay ‘ Diss. Page
Time(ns) IGate(mW) Mil Com
Quad 2-Input 54/74L.S266 10 18 JW N 4-292
Exclusive NOR 54/7T4ALS811 9.1 J N 2-250
Gates 54/74AS811 J N 3-213
Quad 2-Input 54/74LS136 18 7.6 JW N 4-149
Exclusive OR 54/745136 12 63 JW N 5-66
Gates 54/74ALS136 J N 2-85
54/74AS136 J N 352
Gates, Exclusive NOR with Totem-Pole Outputs
Typ* Typ* Package
. Prop. Power Avail.
Description Device Type Delay Diss. Page
Time(ns) IGate(mW) Mil Com
Quad 2-Input 54/74ALS810 N/A N/A J N 2-247
54/74AS810 N/A N/A J N 3-210

Exclusive NOR
Gates ’

apIny uo1}93JaS/Xapu| [euonouny
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Functional Index/Selection Guide

Gates, NOR with Totem-Pole Outputs

Typ* Typ* Package ‘
. Prop. Power Avail.
Description Device Type Delay Diss. Page
Time(ns) IGate(mW) Mil Com
Dual 4-Input 54/7425 10.5 23 J,W N 6-52
NOR Gate with
Strobe
Triple 3-Input 54/74ALS27 5.5 25 J N 2-44
NOR Gates 54/74AS27 2 12.2 J N 3-21
54/74LS27 10 45 JW N 4-43
54/7427 8.5 22 JW N 6-56
Quad 2-Input 54/74ALS02 - 5 1.9 J N 2-13
NOR Gates 54/74AS02 2 10.1 J N 37
54/741.S02 10 2.75 JW N 4-9
54/74502 5 29 J,W ‘N 5.7
54/7402 10 14 W N 6-20
) 54/741.02 33 1.5 J,W N 7-7
Gates, OR with Totem-Pole Outputs !
' Typ* Typ* Package
. - Prop. Power Avail.
Description Device Type Delay Diss. R Page
Time(ns) IGate(mW) Mil Com
Quad 2-Input 54/74ALS32 5.5 28 J N 2-50
OR Gates 54/74AS32 35 . 14.9 J N 3-25
54/741.S32 10 5 J,W N 4-47
54/74S32 5 35 JW N 5-31
54/7432 12 24 JW N 6-60
Quad 2-Input 54/74ALS86 7 3.75 J N 2-63
Exclusive 54/74AS86 J N 3-32
OR Gates 54/741.S86 10 75 JW N 4-101
54/74586 9 62.5 W N 5-45
54/7486 14 41 JW N 6-121
54/74.86 30 7.5 AR N 7-57
54/74L.S386 10 75 J,W N 4-338
Quad Exclusive 54/745135 8.5 82 JW N 563
OR/NOR Gates
Latches
Typ* Typ
No. Prop. Power Package
Description Device Type of Clear Outputs Delay Diss. Avail. Page
Bits ’ Time Total
(ns) (mw) Mil Com
Addressable 54/74L5259 8 Low Q 17 110 J,W N 4-289
Latches 54/74259 8 Low Q 21 150 JW N 6-306
93/8334 8 Low Q 21 280 JW N 6-440
DG (Clocked) 54/74LS75 4 None Q,Q 1 32 JW N 4-80
Latches 54/7475 4 None Q,Q 15 160 JW N 6-107
54/74L75A 4 None Q,Q 52 17.5 JW N 7-48
54/74LS77 4 None Q 10 35 JW N 4-87
S,R Latches 54/74L.S279 4 None Q 12 19 JW N 4.295
TRI-STATE 75/85L52 4 ' High Q 95 38 J,W N 7-104
Counters/ 75/85L54 4 High Q 95 38 JW N 7-104
Latches - .
Dual 4-Bit 54/74ALS880 4 None Q 9 88.3 J N 2-271
Latches 54/74AS880 4 None a 6 391.5 J N 3-252
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Latches (Continued)

Typ* Typ }
No. Prop. Power Package
. Description Device Type of Clear | Outputs | Delay Diss. Avalil. Page
Bits Time Total
(ns) (mW) Mil Com
Octal Latch 54/74ALS273 8 Low Q 12 50 J N 2-163
TRI-STATE 54/74ALS373 8 None Q 10 70 J N 2177
Octal 54/74AS373 8 None Q 6 300 J N 3-147
Latches 54/74L.S373 8 None Q 17 120 JWw N 4-332
54/74S373 8 None Q 12 525 JW N . 5-158
54/74ALS573 8 None Q 9 68.3 J N 2-206
54/74AS573 8 None Q 4.5 293 J N 3-161
54/74AS845 8 Low Q 4.3 218 J N 3-227
TRI-STATE 54/74ALS533 8 None Q 10 75.8 J N 2-192
Inverting 54/74AS533 8 None Q 5 328 J N 3-154
Octal 54/74ALS563 8 None Q 13 68.3 J N 2-199
Latches 54/74ALS580 8 None Q 9 68.3 J N 2-216
54/74AS580 8 None Q 4.5 330 J N 3-178
54/74AS846 8 Low Q 4.8 222 J N 3-227
Dual 4-Bit ., 54/7T4ALS873 4 Low Q 10 68.3 J N 2-255
TRI-STATE 54/74AS873 4 Low Q 4.5 330 J N 3-232
Latches J N
" 9-Bit Bus 54/74AS843 9 Low Q 4.3 251 J N 3-222
Interface T
D Latches
with TRI-
STATE
Outputs
9-Bit 54/74AS844 9 Low Q 4.8 242 J N 3.222
Inverting '
Bus Interface
D Latches
with TRI-
STATE
Outputs
10-Bit Bus 54/74AS841 10 Low Q 4.3 250 J N 3-218
Interface
D Latches
with TRI-
STATE
Outputs
10-Bit 54/74AS842 10 Low Q 4.3 260 J N 3-218
Inverting
Bus Interface
D Latches
with TRI-
STATE
Outputs
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Functional Index/Selection Guide

Line Drivers
Low- High- Typ* Typ*
Level Level Prop. Power Package
Description Device Type Output | Output | Delay Diss. Avall. Page
Current | Current Time IGate
(mA) (mA) (ns) (mW) Mili Com .
Dual 4-input 54/74S140 60 - 40 4 43.8 J N 5-73
NAND -
Hex 2-Input 54ALS804 12 -1 27 3.3 J N 2-241
NAND / 74ALS804 24 -26 27 3.3 J N 2-241
54AS804A 40 - 40 ) 2 T J N 3-204
74AS804A 48 - 48 2 7.7 J N 3-204
Hex 2-Input 54ALS805 12 -12 3 4.1 J N 2-243
NOR 74ALSB05 24 -15 3 41 J N 2-243
54AS805A 40 - 40 1.6 9.6 J N 3-206
74AS805A 48 - 48 1.6 9.6 J N 3-206
Hex 2-Input 54ALS808 12 -12 4.3 4.6 J N 2-245
AND 74ALS808 24 -15 4.3 4.6 J N 2-245
54AS808A 40 - 40 3 10.6 J N 3-208
74AS808A 48 - 48 3 10.6 J N 3-208
Hex 2-Input 54ALS832 12 -12 4 5.6 J N 2-253
OR 7T4ALS832 1 24 -15 4 5.6 J N 2-253
54AS832A 40 - 40 2.50 129 J N 3-216
74AS832A 48 . —48 2.50 129 J o N 3-216
Multipliers
Devi Package
evice
Avail.
Description Type Page
Mil Com
4-Bit by 4-Bit Parallel 78/8875A J,W N 6-376
Binary Multipliers 78/8875B J W N 6-376
One Shots, Retriggerable
Typ*
No. of . Output Total Package
Description Device Type Inputs Dir. Pulse’ Power Avail. Page
Clear Range (ns) | Diss.
Pos Neg (mW) Mil Com
Single 54]74LS122 2 2 Yes 45 ns-inf. 30 J W N 4-131
96/8601 2 2 Yes 50 ns-inf. 90 JW N 6-444
Dual 54/74L.S123 1 1 Yes 90 ns-inf. 60 JW N 4-135
54/74123 1 1 Yes 45 ns-inf. 230 J,W N 6-152
96/8602 1 1 Yes 72 ns-inf. 195 J W N 6-448

162




One Shots with Schmitt-Trigger Inputs

8pINY UoI}0a[eS/Xapu] [euoouny

-Typ*
No. of Output Total ":""‘;‘f’
Description Device Type Inputs Dir. Pulse Power vall.
Clear Range(ns) Diss. ‘ Page
Pos Neg (mW) Mil Com
Single 54/74121 1 2 Yes 40ns-28 s 90 Jw N 6-148
Dual 5415221 1 1 Yes 20ns-49 s 65 J,W N 4-250
74L.S221 1 1 20ns-49 s 23 N 4-250
Parity Generators/Checkers
Typ* Typ* Package
Description Device Type ;:::; PD(:::r Avalil. Page
Time(ns) Total(mW) Mil Com
8-Bit Odd/Even 54/74180 35 170 JW N 6-242
Parity
Generators/
Checkers
9-Bit Odd/Even 54/745280 13 335 J,W N 5-143
Parity 72/8220 34 130 JW N 6-337
Generators/ 54/74AS280 7.3 135 J N 3-129
Checkers
9-Bit Parity 54I74A8286% 9.3 160 J N 3-136
Generator i
Checker with
Bus Driver
Parity
110 Port
Priority Encoders
Typ* Typ* Package
Prop. Power Avail.
Description Device Type Delay Diss. Page
Time(ns) Total(mW) Mit Com
Cascadable 54/74148 12 190 JW - N 6-172
' Octal Priority 93/8318 12 190 J,W N 6-433
Encoders
Full BCD 54/74147 10 225 J,W N 6-172
Priority
Encoders
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Functional Index/Selection Guide

Register Files

Typ* Typ*
TYP* | Read | Data | Power Package
Description Device Type Address | Enable Input Diss. Avail. Page
Time Time Rate Total
\ , (ns) (ns) | MH2) | (mw) Ml Com
4 Words of 54/74L.5170 27 15 20 125 JW N 4-208
4 Bits 74170 30 15 20 635 J,W N 6-220
4 Words of 54/74LS670 24 19 20 135 J,W N 4-357
4 Bits with 7518542 24 19 30 400 JW N 6-352
TRI-STATE ’ -
Outputs
Registers, Other
Typ* ' Typ* Package
Description Device Type Clock Asyn. Power Avail. Page
Freq. - Clear Diss.
(MH2) Total (mW) Mil Com
Quad Bus 75/85L51 15 High 28 JW N ~7-100
Buffer 54/74LS173A 40 High\ 85 JW N 4-212
Registers 54/74173 30 ... —} —High™ 250 JW N 6-224
Quad D-Type 54/74ALS175 60 Low 47.5 J N 2-123
Registers 54/74AS175 160 Low 395 J N 3-82
54/74L.S175 40 Low 55 JW N 4-216
54/74S175 90 Low 300 JW N 5-96
. 54/74175 40 Low" 150 J,W N 6-228
Quad . 54/74L.5298 30 None 65 J,W N 4-310
Multiplexers 54/74L98 15 None 30 J,W- N 7-69
with Storage
Hex D-Type 54/T4ALS174 60 Low 50 J N 2-123
‘Registers 54/74AS174 160 Low 395 J N 3-82
54/74LS174 40 Low 80 JW N 4-216
54/745174 90. Low 450 JW N .5-96
54/74174 40 - Low 225 J,W N 6-228
8-Bit 54ALS299 30 Low 100 J N 2-166
Universal 74ALS299 40 Low 100 J N 2-166
Shift/Storage 54/74S299 60 Low 700 Jw N 5-152
Registers 75/8546 22 None 400 JW N 6-359
Octal D-Type 54/74ALS374 50 None 86 J N 2-180
Registers 54/74AS374 200 None 402 J N 3-150
54/74LS374 50 None 128 J N 4-332
54/74S374 100 None 487 Jw N 5-158
54/74ALS534 50 None 83 J N 2-195
54/74AS534 . 200 None 328 J N 3-157
54/7T4ALS574 40 None 68 J N 2-209
54/74AS574 160 None 403 J N 3-164
54/74AS575 160 None 383 J N 3-167
54/74ALS576 50 None 68 J N 2-212
54/74AS576 160 . None 420 J N 3-170
' 54/74AS577 160 None 420 J N 3-174
54/74A1L.S874 50 Low 87 J N 2-259
54/74AS874 160 Low 500 J N 3-236
54/74AL.S876 50 . None 87 J N 2-263
54/74AS876 160 None 500 J N 3-240
54/74AS878 160 Low 500 J N 3-244
54/74AS879 160 Low 500 J N 3-248
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M
Registers, Other (Continued) g
2
;Vp'k :YP" Package g
. . oc| Asyn. ower il. [
Description Device Type Freq. Cl:ar Diss. Avail Page | =
(MHz) Total (mW) Mil Com 3
8-Bit Dual 54/74L.5952 36 None 305 JW N 4361 | @
Rank Shift 54/74L.5962 36 None 305 . J.W N 4-367 a
Register @
Successive 2502C 21 None 325 JW N 65 |3
Approximation 2503C 21 None 300 Jw N 6-5 c—";'-
Registers 2504C 21 None 450 JW N 6-5 =}
@
c
=
(1]
Registers, Shift
Tvo® Typ* _
No. yp Ser. Modes Power | Package
Description|Device Type of Shift Data Asyn. Diss. Avail. Page
Bits Freq. Input Clear Total
(MHz) SR | SL | Load | Hold | (mw) | Mil |cCom
Parallel-In {54/74LS194A 4 25 D. Low X X X X 75 JW N 4-234
Parallel- 54/745194 4 90 D Low X X X X 450 JW N 5-112
Out (Bidir- |54/74194 4 36 D Low X X X X 195 JW N 6-274
ectional) |54/74AS194 4 D Low X X X X 133 J N 397
54/74198 8 35 D Low X X X X 360 J W N 6-289
Parallel-in |54/7495 4 36 D None X X X X 195 JW N 6-133
Parallei- 54/74L95 4 14 D None X X X X 24 J,W N 7-66
Out 54/74AS95 4 D None X X X X 130 J N 3-34
54/7496 5 15 D None X X 240 J,W N 6-137
54/74LS195A 4 39 J-K Low X X 70 JW N 4-238
54/745195 4 90 J-K Low X X 375 JW N 5-116
54/74AS195 4 JK | Low X x J N | 3-100
54/74195 4 39 J-K Low X X 195 JW N 6-278
54/74199 8 35 J-K Low X X X 360 JW N 6-289
93/8300 4 39 J-K Low X X X 356 JW N 6-401
Parallel-In |76/86L90 8 14 D None X X X 30 JW N 7-125
Serial-Out |54/741.S165 8 30 D None X X X 125 JW N 4-192
54/74165 8 20 D None X X X 200 JW N 6-212
54/74L165A 8 14 D None X X X 30 J,W N 7-78 '
54/74ALS165 8 60 D None X X X 80 J N 2-110
54/74LS166 8 35 D Low X X X 110 J,W N 4-196
54/74166 8 35 D Low X X X 360 JW N 6-216
54/74ALS166 8 60 D Low X X X 80 J N 2-214
Serial-In 54/74L.5164 8 36 Gated | Low X 80 JW N 4-189
Parailel- D
Out 54/74164 8 36 Gated | Low X ' 175 Jw N 6-208
D
54/74L164A 8 14 Gated |' Low X 30 W N 7-75
D
76/86L70 8 14 Gated | Low X 30 JW N 7-118
D
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Schmitt-Triggers with Totem-Pole Outputs

Typ*

Pro Typical* ) Package
Description Device Type DeI:;( Hysteresis Avail. Page
Time (ns) i\ Mil Com

Dual 4-Input 54/74LS13 15 0.8 JW N 4-27
NAND Schmitt 54/7413 16.5 0.8 J,W N 6-40
Triggers 54/74ALS13 0.8 J N 2-31
Quad 2-Input 54/74L.5132 15 0.8 JW N 4-146
NAND Schmitt 54/74132 15 0.8 J,W N 6-164
Triggers 54/74ALS132 0.8 J N 2-80
Hex Schmitt 54/74L.S14 15 0.8 J,wW N 4-30
Trigger 54/7414 15 08 JW N 6-43
Inverters 54/74ALS14 0.8 J N 2-33
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DM54/74,54S/74S Test Waveforms

Par ter M t Information

Load Circuit for
Bi-State
Totem-Pole Outputs

Open-Collector Outputs

Load Circuit for
TRI-STATE Outputs

Load Circuit for

TEST vee
POINT
TEST vee ?
v
poINT VCC RL
RL AL s1
FROM OUTPUT FROM OUTPUT TEST FROM OUTPUT __| Note B
UNDER TEST (See Note B) UNDER TEST POINT UNDER TEST (See Note B)
CL CL ==
CcL (See Note A) (See Note A)
(See Note A) I

Note A. C( includes probe and jig capacitance.
Note B. All diodes are 1N916 or 1N3064.

Input Waveform

54/74t, < 7ns,ty < 7ns
54S/74St; < 2.5ns, tf < 2.5ns

Generator: Zout =~ 50 Q
PRR < 1 MHz

Voltage Waveforms
Setup and Hold Times

3v
TIMING
INPUT ! 15V
L ————--——-ov

i t
[ |;elup""— hold —»
1

|
"
DATA ! r
INPUT 15V 1.5V
ov

Voltage Waveforms
Propagation Delay Times

. —————————-3y
INPUT 1.5v 1.5V
ov

|
1
:——lpul. —

|
!
|
L tpLn —
I 1 -l — VOH
| |
IN-PHASE !
ouTPuT : ! oY
: voL
|
== tPHL —> = tPLH —={

) : | Vo
OUT-OF-PHASE 15v 15V
ouTPUT
(See Note E) moo=svou

Voltage Waveforms

Pulse Widths
HIGH-LEVEL
PULSE d 15V 15V h
| |
e tW
e

| |
LOW-LEVEL
PULSE 1.5V 15V

Voltage Waveforms
Enable and Disable Times, TRI-STATE Outputs

OUTPUT - v
CONTROI,

(LOW-LEVEL h sV d sV .
ENABLING) | (A ey 2

| !
e tezL ——: etz

—h———— <45V | | S1aND
WAVEFORM 1 i stcosep  N\! | | $2CLOSED
(See Note C) | s20peN 15V | | + =~ 15V
I ol T

| |
re——1tpzH ——'I tPHz >l g5y 0.5V
: ——E: VOH
WAVEFORM 2 S10PEN 15V 3 =15V
(See Note C) S2 CLOSED ov S1aND

S2 CLOSED

Note C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. Waveform 2 is for an output with
internal conditions such that the output is high except when disabled by the output control.

Note D. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily.

Note E. When measuring propagation delay times of TRI-STATEoutputs, switches S1 and S2 are closed. *

1-67

SWLIOJOABM 1SOL




Test Waveforms

DM54L/74L, 54LS/74LS Test Waveforms

Parameter Measurement Information

Load Circuit for

Load Circuit for

" TRI-STATE Outputs
Bi-State Open-Collector Outputs P
Totem-Pole Outputs
TEST vee
POINT
TEST \7
poT 'S¢ cc ? AL
RL RL d st
FROM OUTPUT ————— FROM OUTPUT, TEST FROM OUTPUT _ (See Note B)
UNDER TEST (See Note B)} UNDER TEST . POINT UNDER TEST
. ]
cL =
cL ci:f CL
(See Note A)I (See Note C)1 :[ (See Note A) (See Note A)
s2
Note A. C__ i des probe and jig cap e.

Note B. All diodes are 1N916 or 1N3064.
Note C. C1 (30 pF) is used for testing Series 54L/74L devices only.

Input Waveform

54LS/74LS: ty < 6 ns, tf <6 ns
54L/74L gates and inverters: t; < 60 ns, tf < 60 ns
54L/74L flip-flops and MSI: t; < 25 ns, tf < 25 ns

Generator: Zout ~ 50 Q
" PRR =< 1MHz

Voltage Waveforms
Setup and Hold Times

av
TIMING
INPUT 13V

A ov

:—- toetup—="" thold —>
1

{
DATA ! r sV
INPUT 13V 13V
ov

Voltage Waveforms
Propagation Delay Times

/

OUTPUT

CONTROL

(LOW-LEVEL
ENABLING)

INPUT

WAVEFORM 2
(See Note D)

- |
| 1
OUT-OF-PHASE 13V 13v
ouTPUT

(See Note F)

Voltage Waveforms

Pulse Widths
HIGH-LEVEL
PULSE d 1.3v 1.3v !
|
fe————tw ——»:
ot
LOW-LEVEL ! |
PULSE 13v 1.3V

Voltage Waveforms
Enable and Disable Times, TRI-STATE Outputs

|
cF——=—=45V I |
WAVEFORM 1 | S1CLOSED | | | S2CLOSED
(See Note D) | S2OPEN 1.3V 1 | T =15V

———- VoL

i /
——tpzH——] [tPHZ—= o5y 0.5V
1 Lot VOH
! T
S10PEN 13V . =15V
S2 CLOSED S1aND
f e <oV 2 CLOSED

Note D. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. Waveform 2 is for an output with
internal conditions such that the output is high except when disabled by the output control.

Note E. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. *
Note F. When measuring propagation delay times of TRI-STATE outputs, switches S1 and S2 are closed.
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Group 1 Test Waveforms DM54ALS/74ALS, 54AS/74AS

54ALS00, 02, 04, 08, 10, 11, 20, 21, 27, 28, 30, 32, 37, 40, 133, 138, 151, 153, 157, 158, 352, 520, 521, 804, 805, 808, 832,
1000, 1002, 1004, 1008, 1010, 1011, 1020, 1032, 1034

54AS00, 02, 04, 08, 10, 11, 20, 21, 27, 30, 32, 34, 151, 153, 157, 158, 181, 182,280, 352, 804, 805, 808, 832, 881, 1000, 1002,
1004, 1008, 1010, 1011, 1020, 1032, 1034

LOAD CIRCUIT FOR
BI-STATE
TOTEM-POLE OUTPUTS

FROM 0UTPUT TEST
UNDER TEST I ?—Croint
>
b Shsoon

50pF /E p
L

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

IN PHASE
QuTPUT

outT
OF PHASE
0UTPUT

ITE: Allinput pulses are supplied by generators having the following characteristics: frequency = 1MHz, ZoyT = 50 2, t, = tf = 2ns.
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Tést Waveforms

Group 2 Test Waveforms DM54ALSI74ALS, 54AS/74AS

54ALS373, 374, 533, 534, 573, 574, 576, 580, 873, 874, 876, 880
54AS373, 374, 533, 534, 573, 574, 576, 577, 580, 646, 648, 651, 652, 873, 874, 876, 878, 879, 880

VOLTAGE WAVEFORMS LOAD CIRCUIT FOR
SETUP AND HOLD TIMES TRI-STATE OUTPUTS
' v I
35 st
WITH RESPECT T0 13
POSITIVE TRANSITION 0
REFERENCE | ’ A1 g 5000
INPUT .
————————— 35 FROM OUTPUT o TEST
WITH RESPECT TO 13 UNDER TEST POINT
NEGATIVE TRANSITION :
0 oL nz<:5wn
~— USETUP | —=|=— tHOLD 1 ——| 50pF <
— — —Vou
74 13V 13V \ 4
. VoL 4
INPUT |~— ISETUP 0 —=|=— tHoLD 0 —-!
Vou
1.3V st/

X

—_——y

VOLTAGE WAVEFORMS
PULSE WIDTHS

———— 3
HIGH-LEVEL
PULSE ﬂ
VOLTAGE WAVEFORMS 0.3V

—ty —
PROPAGATION DELAY TIMES »

13 w
. LOW-LEVEL W

- wisy U
INPUT _//, W —_——

0.3v

IN PHASE You
ouTPUT
vou
oF Puag: - -~ i VOLTAGE WAVEFORMS ’
UTRUT A ENABLE AND DISABLE TIMES, TRI-STATE OUTPUTS
’ 35
LOWAENEL  Niav 1w
l ————— 03V
— . HOHLEVEL /) v
Parameter $1 Switch Position ENABLING - : o
TPLH OPEN CONTROL toaL —“l ] et
TPHL OPEN ) ; gvsv
TPHZ OPEN | v e
TPZH OPEN . "'t"' TV
TpLZ CLOSED P21 —.—.‘ _.| l.._. me |

T CLOSED ——d vy
PaL L \ L oav
' ~ov

NOTE: All input pulses are supplied by generators having the following characteristics: frequency = 1MHz, Zoyt = 50 Q, t; = t¢ = 2ns.
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Group 3 Test Waveforms DM54ALS/74ALS, 54AS/74AS

54ALS240, 241, 242, 243, 244, 251, 253, 257, 258, 353, 640, 641, 642, 643, 644, 645, 1240, 1241, 1242, 1243, 1244
54AS230, 231, 240, 241, 242, 243, 244, 245, 251, 263, 257, 258, 353, 640, 641, 642, 643, 644, 645, 1240, 1241, 1242, 1243,

1244

LOAD CIRCUIT FOR
TRI-STATE OUTPUTS

2

N

R1Q 50012

FROM OUTPUT o JEST
UNDER TEST POINT

cL

‘b
o ,[ B2 ::58011

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, TRI-STATE OUTPUTS

35
LOW-LEVEL
ENABLING 1.3V 13V
\ _____ 0.3V
HIGH-LEVEL
ENABLING 1.3¢ 1.3V
OUTPUT . o
CONTAL ezt —"’l | |—thuz
=35y
. 3 13V ,—0.3\!
N f==dly,
12— e— _.I |~—-'mz

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

INPUT

IN PHASE
OUTPUT

out
OF PHASE
ouTPUT

remememene VoL

Parameter S1 Switch Position
TPLH OPEN
TPHL OPEN
TPHZ OPEN
TPzH OPEN
TpLZ CLOSED
TpzL CLOSED

OTE: Allinput puises are supplied by generators having the following characteristics: frequency = 1MHz, Zoyt = 50 Q, t, = t; = 2ns.
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Test Waveforms

Group 4 Test Waveforms DM54ALS/74ALS, 54AS/74AS

54ALS74, 109, 112, 113, 114, 131, 137, 160, 161, 162, 163, 168, 169, 174, 175, 273

54AS74, 109, 112, 113, 114, 160, 161, 162, 163, 168, 169, 174, 175, 273

LOAD CIRCUIT FOR
BI-STATE .
TOTEM-POLE OUTPUTS

FROM OUTPUT. TEST
UNDER TEST F—Croint
; I >
" <
L > RL 5000

50pF ,[ b

VOLTAGE WAVEFORMS
PULSE WIDTHS

—_——— 35
HIGH-LEVEL .
PULSE 13v 13V :
03v

—ty —

I.__(w__..

35V
LOW-LEVEL 130 13V
PULSE
————

VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES

WITH RESPECT TO LoV
POSITIVE TRANSITION :
REFERENCE

INPUT :

WITH RESPECT TO

NEGATIVE TRANSITION v

<~— ISETUP | —|=— lhoLD 1 —

_ 2

INPUT |+ tserup0 —|-— thowoo ——-l

% i

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

IN PHASE
OUTPUT

ouT
OF PHASE
OUTPUT

NOTE: All input pulses are supplied by generators having the following characteristics: frequency = 1MHz, ZoyT = 50 Q, t; = t = 2ns.




Group 5 Test Waveforms DM54ALS/74ALS, 54AS/74AS

54ALS01, 03, 05, 09, 12, 15, 22, 33, 38, 518, 519, 522, 689, 1003, 1005, 1035

SWIOJBABM 1S3

LOAD CIRCUIT FOR
OPEN-COLLECTOR OUTPUTS

Vee
BL (See Note B)
FROM
. OUTPUT
UNDER TEST TEST POINT

T

NOTES: A. C includes probe and jig capacitance
B. R = 2KQ for standard outputs

RL = 6672 for buffered outputs

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

IN PHASE
QUTPUT

out
OF PHASE 13 1V
OUTPUT

OTE: Allinput pulses are supplied by generators having the following characteristics: frequency = 1MHz, ZoyT = 50 Q. t; = t; = 2ns.
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Advanced Low Power Schottky

National
Semiconductor

ADVANCED LOW POWER SCHOTTKY

Absolute Maximum Ratings (ot 1)

Supply Voltage, Vog (1) ‘ 1A'
Input Voltage, V|: All Inputs . 7v
1/O Ports 5.5V

Off State (High Level) Voltage Applied
to Open-Collector Outputs v

High Level Voltage Applied to 3-State Outputs 5.5V

Operating Free-Air Temperature Range: )
DM54ALS
DM74ALS

Storage Temperature Range

—55°C to 125°C
. 0°Cto 70°C
—65°C to 150°C

Recommended Operating Conditions

. Standard Output Buffer Output Bus Driver Output .
Parameter Min | Nom | Max | Min | Nom | Max | Min | Nom | Max | U™
Supply Valtage 54/74ALS 45 5 ) 55 4.5 5 5.5 45 5 55 \
High Level Input | 54/74ALS | 2 2 2 v
Voltage, VIH .

Low Level Input | 54/74ALS 0.8 0.8 08 | v
Voltage, Vi
High Level Output | 54ALS —0.4 —1 —12 | mA
Current, I0H (2)

74ALS —-04 —26 —15 mA
High Level Output | 54/74ALS 5.5 5.5 5.5 v
Voltage, VOH (3)
Low Level Output | 54/74ALS 4 12 12 mA
Current, loL

74ALS 8 24 24/48 | mA
Operating Free-Air | 54ALS —55 125 —55 125 —55 125 °C
Temperature, TA i

74ALS 0 70 0 70 0 70 °C




L2

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Standard Output Buffer Output Bus Driver Qutput )
Parameter Conditions Min |Typ(d) | Max | Min |Typ(d) | Max | Min |Typ(4) | Max | U"*
VIK Input Clamp Voltage Vce = 4.5V —-15 —-1.5 —1.5 \
I} =—18mA
VoH | High Level Output Vee = 4.5V, IopH = MAX 24 3.2 2 3.2 \
Voltage (2) -
Vee = 4.5V, lIoH = —3mA 24 3.2 Vv
loH = —0.4mA Vec—2v Vog—2v Vec—2v \
1oH High Level Output Ve = 4.5V 0.1 0.1 0.1 mA
Current (3) VOH = 5.5V
VoL | Low Level Output Voltage | Vcc = 4.5V 74ALS 0.35 0.5 0.35 05 0.35 0.5 \
loL = MAX
54/74ALS | 0.25 0.4 0.25 0.4 0.25 0.4 \
Iy Input Current at Maximum | Voc = 5.5V 0.1 0.1 0.1 mA
Input Voltage V=7V :
IiH High Level Input Current Vee = 5.5V 20 20 20 pA
. V) =27V
i Low Level Input Current vVce = 5.5V —-0.02 | —0.2 —0.05 | —0.2 —0.05| —0.2 mA
ViL = 0.4V
0 Output Current (5) “lvec=55v -30 —110 | —30 —110 | —30 —110 | mA
Vo = 2.25V
lozH | Off-State Output Current, | Voo = 5.5V 20 20 kA
High Level Voltage Vo = 2.7V
Applied (6)
lozL | Off-State Output Current, | Vcc = 5.5V 1/0 Ports —0.2 —0.2 mA
Low Level Voltage Vo = 0.4v
Applied (6) Non-i/O —20 —20 pnA
Ilcc Supply Current (7) Vce = 5.5V mA
NOTE 1: Voitage values are witr; respect to network ground terminal.
NOTE 2: Does not apply to open-collector outputs.
NOTE 3: Applies only to open-collector outputs.
NOTE 4: All typical numbers are at Vog = 5V, Tp = 25°C.
NOTE 5: The output conditions have been chosen to produce a current that closely approximates one-half of the true short-circuit current, iog.
NOTE 6: Applies only to TRI-STATE outputs.
NOTE 7: Refer to individual data sheet for I limits.
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Semiconductor

DM54ALS00A/DM74ALS00A Quad 2-Input NAND Gates

V00S1V¥2ZINA/V00STVYSING

General Description Absolute Maximum Ratings (note 1)
This device contains four independent gates each of = Supply Voltage v
which performs the logic NAND function. Input Voltage v
Operating Free Air Temperature Range

F tur DM54ALS —55°C to 125°C
ea es DM74ALS 0°C to 70°C
® Switching Specifications at 50 pF. Storage Temperature Range —65°C to 150°C

m Switching Specifications Guaranteed Over Full Note 1: The “Absolute Maximum Ratings” are those values beyond

Temperature and VCC Range which the safety of the device can not be guaranteed. The device should

. ’ not be operated at these limits. The parametric values defined in the

m Advanced Oxide-Isolated, lon-Implanted Schottky TTL “Electrical Characteristics” table are not guaranteed at the absolute

Process. maximum ratings. The “Recommended Operating Conditions” table will

- Functionally and Pin For Pin Compatible With Schottky define the conditions for actual device operation.
and Low Power Schottky TTL Counterpart.

® Improved AC Performance Over Schottky and Low
Power Schottky Counterparts.

Connection Diagram Function Table

Dual-In-Line Package

Vcc 4B 4A a4y 3B 3A  3Y

f1a J1a |12 J11 o s |e Y=AB
Inputs Output
A B Y
L L H
L H H
H H L
1 2 3 4 s 6 I 7 H = High Logic Level

1A 1B 1Y 2A 2B 2Y GND L=Low Logic Level
TL/F6270-1
54ALS00A (J) 7T4ALSO00A (J,N)

29



DM54ALS00A/DM74ALS00A

Recommended Operating Conditions

DM74ALS00A

] DM54ALS00A .
Parameter Min Nom Max Min Nom Max Unit
Supply Voltage, Vcc 45 5 5.5 4.5 5 55 \
High Level Input Voltage, V|H 2 2 \
Low Level Input Voltage, V| 0.8 0.8 \
High Level Output Current, IoH —-0.4 —0.4 mA
Low Level Output Current, oL 4 8 mA

Electrical Characteristics over recommended operating free air temperature range.
All typical values are measured at Voo =5V, Tp =25°C.
Symbol Parameter Conditions Min Typ Max Unit
VIK Input Clamp Voltage Vec =45V, I = —18 mA -1.5 \
VOH High Level Output IoH = —0.4mA Vece—2 \
Voltage Voo =4.5105.5V
VoL Low Level Output Vee = 4.5V 54/74ALS 0.25 0.4 \
Voltage loL =4mA
74ALS 0.35 0.5 Vv
loL =8mA
] Max High Input Current Ve = 5.5V, Vi =7V 0.1 mA
IH High Level Input Current Vee = 5.5V, V| = 2.7V 20 uA
L Low Level Input Current Vce = 5.5V, V)L = 0.4V -0.1 mA
o Output Drive Current Vce = 5.5V Vo = 2.25V —30 - 112 mA
Icc Supply Current Vee = 5.5V Outputs High 0.43 0.85 mA
Outpdts Low 1.62 3.0 mA
Switching Characteristics over recommended operating free air temperature range (Note ).
All typical values are measured at Vgg =5V, Tp=25°C.
DMS54ALS00 DM74ALS00
Parameter ) Conditions Min Typ Max Min Tvp Max Unit
TPLH. Propagation Vce = 45t05.5V
delay time. Low to R =500 Q, 3 14 3 1 ns
high level output Ci = 50 pF.
TpHL, Propagation
delay time. High to 2 10 2 8 ns
low level output

Note 1: See Section 1 for test waveforms and output load.
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DM54LS01/DM74LS01 Quad 2-Input NAND Gates

with Open-Collector Outputs

General Description

This device contains four independent gates each of
which performs the logic NAND function. The open-
collector outputs require external pull-up resistors for
proper logical operation.

Pull-Up Resistor Equations

R Vee (Min) = Voy
MAXZ N (lon) + N2 (1)

Rupn = Ve (Max) = VoL
MIN low —Na ()
Where: Ny (lon) = total maximum output high current

for all outputs tied to pull-up resistor

N3 (Ij) = total maximum input high current for
all inputs tied to pull-up resistor

N3 (l).) = total maximum input low current for
all inputs tied to pull-up resistor

Features

m Switching Specifications at 50 pF.

m Switching Specifications Guaranteed Over Full
Temperature and Vcc Range.

m Advanced Oxide-Isolated, lon-Implanted Schottky TTL
Process.

@ Functionally and Pin For Pin Compatible with Schottky
and Low Power Schottky TTL Counterpart.

m Improved AC Performance Over Schottky and Low
Power Schottky Counterparts.

Absolute Maximum Ratings Note 1)

Supply Voltage v
Input Voltage . v
Off State (High Level)
Output Voltage v
Operating Free Air Temperature Range
DM54ALS —55°C to 125°C
DM74ALS 0°C to 70°C

Storage Temperature Range —65°C to 150°C

Note 1: The “"Absolute Maximum Ratings” are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits, The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute
maximum ratings. The *Recommended Operating Conditions'' table will
define the conditions for actual device operation.

Connection Diagram

Dual-In-Line Package

Vec 4Y 4B 4A 3Y 3B 3A
l1a |13 Ja2 1o o s

2]

Iz |3 ‘4 Is Is 7
B 28

1A 1 2Y 2A GND

|1
%

-

TL/IF/61741

54ALS01 (J) 74ALS01 (J,N)

Function Table

Inputs Output

Y

IITIrr|>»
IrIr|w
rIIXI

H = High Logic Level
L=Low Logic Level

2-11
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DM54ALS01/DM74ALS01

Recommended Operating Conditions

DMS54ALSO01 DM74ALSO01
Parameter Min Nom Max Min Nom Max Unit
Supply Voltage, Vcc 45 5 55 45 5 5.5 \
High Level Input Voltage, ViH 2 2 Vv
Low Level Input Voltage, V) 0.8 0.8 v
High Level Output Voltage, VOH 5.5 55 v
Low Level Output Current, IoL 4 8 mA
Electrical Characteristics over recommended operating free air temperature range.
All typical values are measured at Voo =5V, T4 =25°C.

Symbol Parameter Conditions Min Typ Max Unit
VIK Input Clamp Voltage Vcc = 4.5V, I = —18 mA -15 \
10H High Level Output Vge = 4.5V 100 KA

. Current VoH = 5.5V
VoL Low Level Output Voe = 4.5V 54/74ALS 0.25 0.4 Vv
Voltage loL =4mA
74ALS 0.35 0.5 \"
loL =8mA - E
1] Max High Input Current Vge = 5.5V, V| =7V 0.1 mA
hH High Level Input Current | Vog = 5.5V, VIH =27V 20 kA
L Low Level Input Current Vge = 5.5V, V|L = 0.4V -0.1 mA
Icc Supply Current Vce = 5.5V Outputs High 0.43 0.85 mA
Outputs Low 1.62 3.0 mA
Switching Characteristics over recommended operating free air temperature range (Note 1).
All typical values are measured at Voo =5V, To =25°C.
DM54ALS01 DM74ALS01
Parameter Conditions Min Typ Max Min Typ Max Unit
TpLH, Propagation Vce = 4510 5.5V
delay time. Low to RL =2KQ, 23 59 23 54 ns
high level output CL = 50 pF.
TPHL, Propagation
delay time. High to 4 29 4 28 ns

low level output

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

|DM54ALS02/DM74ALS02 Quad 2-Input NOR Gates

General Description

This device contains four independent gates each of
which performs the logic NOR function.

Features

m Switching Specifications at 50 pF.

m Switching Specifications Guaranteed Over Full
Temperature and V¢ Range.

m Advanced Oxide-Isolated, lon-Implanted Schottky TTL
Process.

m Functionally and Pin For Pin Compatible with Schottky
and Low Power Schottky TTL Counterpart.

@ Improved AC Performance Over Schottky and Low

Power Schottky Counterparts.

Absolute Maximum Ratings (Note 1)

Supply Volitage N
Input Voltage v
Operating Free Air Temperature Range

DMB54ALS —55°C to 125°C

DM74ALS
Storage Temperature Range

0°C to 70°C
—65°C to 150°C

Note 1: The “Absolute Maximum Ratings” are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
‘““Electrical Characteristics” table are not guaranteed at the absolute
‘maximum ratings. The “Recommended Operating Conditions"" table will
define the conditions for actual device operation.

Connection Diagram

Dual-In-Line Package

Vcc Y4 Ba A4 Y3 B3 A3
l1a 13 12 |11 Jo [s s

|1 ~|2 |3 4 5 s |7
Yi A1 B1 Y2 A2 B2 GND

TLIF/6175-1

54ALS02 (J) 74ALS02 (J,N)

Function Table

Y=A+B
Inputs Output
B \
L L H
L H L
H L L
H H L

H =High Logic Level
L=_Low Logic Level

2-13
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DM54ALS02/DM74ALS02

Recommended Operating Conditions

DM74ALS02

DMS4ALS02 )
Parameter Min | Nom | Max | Min | Nom | Max | Uit
Supply Voltage, Vcc 4.5 5 5.5 45 5 5.5 \
High Level Input Voltage, V|H 2 2 \
Low Level Input Voltage, V| 0.8 0.8 v
High Level Output Current, IoH —-0.4 —-04 mA
Low Level Output Current, oL 4 8 mA
Electrical Characteristics over recommended operating free air temperature range.
All typical values are measured at Vgc =5V, Tp =25°C.
Symbol Parameter Conditions Min Typ Max Unit:
VIK Input Clamp Voltage Vgc =45V, | = —18 mA —15 \
VOH High Level Output loH = —0.4mA Vee—2 Vv
Voltage Vcc=45t05.5V
VoL Low Level Output Ve = 4.5V 54/74ALS 0.25 0.4 \Y
' Voltage . loL=4mA ‘
74ALS, 0.35 05 \"
loL =8mA
o Max High Input Current | VGG = 5.5V, Vi = 7V 0.1 mA
IIH High Level Input Current Vee = 5.5V, Vi = 2.7V 20 uA
T Low Level Input Current Vge = 5.5V, V|L = 0.4V -0.1 mA
Te) Output Drive Current Vce = 5.5V Vo = 2.25V -30 -112 mA
Icc Supply Current Vee = 5.5V Outputs High 0.85 2.2 mA
Outputs Low 2.16 4.0 mA
Switching Characteristics over recommended operating free air temperature range (Note 1).
All typical values are measured at Voo =5V, Tp =25°C.
B DMS4ALS02 DM74ALS02
Parameter Conditions Min Tvp Max Min Typ Max Unit
. TPLH. Propagation Vce = 4.5t0 5.5V
delay time. Low to RL = 500 @, 3 14 3 12 ns
high level output CL = 50 pF.,
TPHL. Propagation
delay time. High to 3 1" 3 10 ns
low level output

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM54ALS03A/DM74ALS03A Quad 2-Input NAND Gates

with Open Collector Outputs

General Description

This device contains four independent gates each of
which performs the logic NAND function. The open-
collector outputs require external pull-up resistors for
proper logical operation.

Pull-Up Resistor Equations

Ru sy = VoC (Min) = Vou
MAXZ N7 (lon) + Nz ()

Ao Voo (Max) = Vo
MINZ TloL=N3 ()

Where: Ny (lon) = total maximum output high current

for all outputs tied to pull-up resistor

Ny (1) = total maximum input high current for
all inputs tied to pull-up resistor

N3 (Ij) = total maximum input low current for
all inputs tied to pull-up resistor

Features

® Switching Specifications at 50 pF.

m Switching Specifications Guaranteed Over Full
Temperature and V¢ Range.

m Advanced Oxide-Isolated, lon-Implanted Schottky TTL
Process.

m Functionally and Pin For Pin Compatible with Schottky
and Low Power Schottky TTL Counterpart.

n Improved AC Performance Over Schottky and Low

Power Schottky Counterparts.

Absolute Maximum Ratings (ote 1

Supply Voltage v
Input Voltage v
Off State (High Level)
Output Voltage v
Operating Free Air Temperature Range

DM54ALS —55°C to 125°C

DM74ALS
Storage Temperature Range

0°C to 70°C
—65°C to 150°C

Note 1: The “Absolute Maximum Ratings” are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute
maximum ratings. The “Recommended Operating Conditions’ table will
define the conditions for actual device operation.

Connection Diagram

Dual-In-Line Package

V¢ B4 A4 Y4 B3 A3 Y3
19 |1z iz |11 Jo Jo s

1 2 s 4 5 |8 |7
A1 BT Y1 A2 B2 Y2 GND

TLIF/6176-1

54ALS03A (J) T4AALSO03A (J,N)

' Function Table

Y=AB

Inputs Output

Ty

IIrr|»
IrIr|mw
rIIXI

H= High Logic Leve!
L=Low Logic Level
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\ DM54ALS03A/ DM74ALSO3A

Recommended Operating Conditions

;

DMS54ALS03A DM74ALS03A
Parameter Min Nom Max Min Nom Max Unit
Supply Voltage, Vcc 4.5 5 5.5 45 5 5.5 \
High Level Input Voltage, ViH 2 2 v
Low Level Input Voltage, VL 0.8 .~ 08 v/
High Level Output Voltage, VoH 55 5.5 \
Low Level Output Current, lo 4 8 mA
Electrical Characteristics over recommended operating free air temperature range.
All typical values are measured at Voo =5V, Tpo=25°C.
Symbol Parameter Conditions Min Typ ‘ Max Unit
VIK Input Clamp Voltage Voo =45V, | = —18mA -15 v
loH High Level Output Voo = 4.5V, VoH = 5.5V 100 rA
Current
VoL Low Level Output Vce = 4.5V 54/74ALS 0.25 0.4 Vv
Voltage loL=4mA
74ALS 0.35 0.5 \"
loL =8mA
Iy Max High Input Current Vce = 5.5V, ViH =7V 0.1 mA
IIH High Level Input Current Vce = 5.5V, V| = 2.7V 20 pA
L Low Level Input Current Vce = 5.5V, VL = 0.4V -0.1 mA
Ilcc Supply Current Vce = 5.5V Outputs High 0.43 0.85 mA
Outputs Low 1.62 3.0 mA
Switching Characteristics over recommended operating free air temperature range (Note 1).
All typical values are measured at Voo =5V, Tp=25°C.
. DMS54ALS03A DM74ALS03A
Parameter Conditions Min Typ Max Min Tvp Max Unit
TpLH, Propagation Ve = 4.51t05.5V
delay time. Low to RL =2KQ, 23 59 23 54 ns
high level output CL = 50 pF.
TpPHL, Propagation
delay time. High to 5 26 5 22 ns
low level output

Note 1: See Section 1 for test waveforms and output load.




National
Semiconductor

DM54ALS04A/DM74ALS04A Hex Inverters

General Description

This device contains six independent gates each of
which performs the logic INVERT function.

Features

m Switching Specifications at 50 pF.

m Switching Specifications Guaranteed Over Full
Temperature and V¢ Range.

m Advanced Oxide-Isolated, lon-Implanted Schottky TTL
Process.

m Functionally and Pin For Pin Compatible with Schottky
and Low Power Schottky TTL Counterpart.

m Improved AC Performance Over Schottky and Low
Power Schottky Counterparts.

Absolute Maximum Ratings (note 1)

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range
DM54ALS —55°C to 125°C
DM74ALS 0°C to 70°C

Storage Temperature Range —65°C to 150°C

Note 1: The “Absolute Maximum Ratings'” are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute
maximum ratings. The ‘“Recommended Operating Conditions” table will
define the conditions for actual device operation.

Connection Diagram

Dual-In-Line Package

Vcc A6 Y6 A5 Y5 A4 Y4
fa s 1z Ji1 Jro Js s

>0 >0

o Do

‘-Doﬂ

[1 2 |3 4 5 6 7
Al YT A2 Y2 A3 Y3 GND

TLIF/6177-1

54ALS04A (J) T4ALS04A (J,N)

Function Table

Y=A
Input Output
A Y
L H
H L

H=High Logic Level
L=Low Logic Level
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DM54ALS04A/DM74ALS04A

Recommended Operating Conditions

DM54ALS04A ‘DM74ALS04A
Parameter Min | Nom | Max | Min | Nom | Mmax | UM
Supply Voltage, Voe 45 5 5.5 45 5 5.5 v
High Level Input Voltage, V|H 2 2 v
Low Level Input Voltage, Vi 0.8 0.8° v
High Level Output Current, IoH —0.4 —04 mA
Low Level Output Current, Io| 4 8 mA
- Electrical Characteristics over recommended operating free air temperature range.
All typical values are measured at Vcg =5V, To=25°C.
Symbol Parameter Conditions Min Typ Max Unit
ViK Input Clamp Voltage Vo = 4.5V, I = —18 mA -1.5 \
VOH High Level Output loH = —0.4mA Vee—2 \
Voltage Vcc=4.5t055V
VoL Low Level Output Vee = 4.5V 54/74ALS 0.25 0.4 \
Voltage loL =4 mA
74ALS 0.35 0.5 \
loL =8mA
] Max High Input Current Vce =55V, Vi =7V 0.1 mA
WH High Level input Current Vce = 5.5V, VI = 2.7V 20 kA
m Low Level Input Current | Vgg = 5.5V, Vi = 0.4V -0.1 mA
[fe) Output Drive Current Vce = 5.5V Vo = 2.25V -30 -112 mA
Icc Supply Current Vce = 5.5V Outputs High 0.65 1.1 mA
Outputs Low 2.4 42 mA
Switching Characteristics over recommended operating free air temperature range (Note 1).
All typical values are measured at Voo =5V, Ta =25°C.
‘ DMS54ALS04A DM74ALS04A
Parameter Conditions Min Typ Max Min Typ Max Unit
TpLH, Propagation Voo = 45105.5V I
delay time. Low to RL =5009, . 3 14 3 1 ns
“high level output CL = 50 pF. '
TpPHL, Propagation ' .
delay time. High to 2 12 2 8 ns
low level output

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM54ALS05A/DM74ALS05A Hex Inverters

with Open Collector Outputs

General Description

This device contains six independent gates each of
which performs the logic INVERT function. The open-
collector outputs require external pull-up resistors for
proper logical operation.

Pull-Up Resistor Equations

Ruax = Ve (Min) = Von
AXZ N7 (lon) + Nz ()

— Vee (Max) - VoL
MINZ oL =Na ()

Where: Ny (loy) = total maximum output high current

for all outputs tied to pull-up resistor

N5 (Iiy) = total maximum input high current for
all inputs tied to pull-up resistor

N3 () = total maximum input low current for
all inputs tied to pull-up resistor

Features

® Switching Specifications at 50 pF.

®m Switching Specifications Guaranteed Over Full
Temperature and Vcc Range.’

® Advanced Oxide-Isolated, lon-Implanted Schottky TTL
Process.

m Functionally and Pin For Pin Compatible with Schottky
and Low Power Schottky TTL Counterpart.

m Improved AC Performance Over Schottky and Low
Power Schottky Counterparts.

Absolute Maximum Ratings (Note 1)

Supply Voltage v
Input Voltage v
Off State (High Level) v
Output Voltage ’
Operating Free Air Temperature Range
DMB4ALS —55°C to 125°C
DM74ALS 0°C to 70°C

Storage Temperature Range —65°C to 150°C

Note 1: The “Absolute Maximum Ratings" are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute
maximum ratings. The “Recommended Operating Conditions" table will
define the condition§ for actual device operation.

Connection Diagram

Dual-In-Line Package

Ve A6 Y6 A5 Y5 A4 ¥4
14 Jis |12 |11 |0 o s

NMENEN

[v 2 s Ja s e |7

A1 Y1 A2 Y2 A3 Y3 GND
TLIF61781

54ALS05A (J) 74ALS05A (J,N)

Fu'nction Table

Y=A
Input Output
A Y
L H
H L

H=High Logic Level
L=_Low Logic Level
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DM54ALS05A/DM74ALS05A

Recommended Operating Conditions

DMS54ALS05A DM74ALS05A
Parameter Min Nom Max Min Nom Max Unit
Supply Voltage, Vcc 45 5 5.5 - 45 5 5.5 \"
High Level Input Voltage, V|H 2 2 \
Low Level Input Voltage, V| 0.8 0.8 '
High Level Output Voltage, VoH 5.5 5.5 v
Low Level Output Current, oL 4 8 mA
Electrical Characteristics over recommended operating free air temperature range.
All typical values are measured at Voo =5V, Tp =25°C. '

Symbol Parameter Conditions Min Typ Max Unit
VIK Input Clamp Voltage Vce = 4.5V, || = —18 mA —-15 \
10H High Level Output Vee = 4.5V, VoH = 5.5V 100 uA

Current
VoL Low Level Output vee =45V 54/74ALS 0.25 0.4 \)
Voltage loL=4mA
74ALS 0.35 0.5 \
loL =8 mA
Il Max High Input Current Vge = 5.5V, Vi =7V 0.1 mA
H High Level Input Current | VoG = 5.5V, V|q = 2.7V 20 kA
I Low Level Input Current Vge = 5.5V, V)L = 0.4V -041 mA
Icc Supply Current Vce = 5.5V Outputs High 0.65 1.1 mA
Outputs Low 2.4 42 mA
SW|tch|ng Characteristics over recommended operating free air temperature range (Note 1).
All typical values are measured at Voo =5V, Tpo=25°C.
DM54ALS05A DM74ALS05A
Parameter ’COI'IdItIOIIS Min Typ Max Min Tvp Max Unit

"TPLH. Propagation Voo = 4510 5.5V
delay time. Low to RL = 2KQ, 23 59 23 54 ns
high level output CL = 50 pF.

TPHL, Propagation
delay time. High to 4 19 4 14 ns
- low level output

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM54ALS08/DM74ALS08 Quad 2-Input AND Gates

General Description

This device contains four independent gates each of
which performs the logic AND function.

Features

® Switching Specifications at 50 pF.

m Switching Specifications Guaranteed Over Full
Temperature and Vcc Range.

m Advanced Oxide-Isolated, lon-Implanted Schottky TTL
Process.

m Functionally and Pin For Pin Compatible with Schottky
and Low Power Schottky TTL Counterpart.

m Improved AC Performance Over Schottky and Low
Power Schottky Counterparts.

Absolute Maximum Ratings (note 1)

Supply Voltage v
Input Voltage ’ 7v
Operating Free Air Temperature Range

DM54ALS —55°C to 125°C

DM74ALS
Storage Temperature Range

. 0°Cto70°C
—65°C to 150°C

Note 1: The “Absolute Maximum Ratings" are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute
maximum ratings. The “Recommended Operating Conditions” table will
define the conditions for actual device operation.

Connection Diagram

Dual-In-Line Package

Vec B4 A4 Y4 B3 A3 Y3
Jta f13 |12 |11 Jo Jo e

1 J2 Js Ja s e |7
A Bl Y1 A2 B2 Y2 GND

TLIFI6271-1
54ALS08 (J) 74ALS08 (J,N)

\

Funiction Table

Y=AB
Inputs Output
B Y
L L L
L H L
H L L
H H H

H = High Logic Level
L =_Low Logic Level
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DM54ALS08/DM74ALS08

Recommended Operating Conditions

DMS54ALS08 DM74ALS08
Parameter Min | Nom | Max | Min | Nom | Max | U™
Supply Voltage, Vcc 45 5 5.5 4.5 5 55 - v
High Level Input Voltage, V|H 2 2 v
Low Level Input Voltage, V| 0.8 0.8 \"
High Level Output Current, IoH —04 —-04 mA
Low Level Output Current, oL 4 8 mA.
Electrical Characteristics over recommended operating free air temperature range.
All typical values are measured at Voo =5V, To=25°C. =
Symbol ) parameter Conditions Min Typ Max Unit
ViK Input Clamp Voitage Vocc =45V, 1| = —18 mA —1.5 \"
VOH High Level Output loH = —0.4mA Vee—2 \
Voltage Vcc=4.51t05.5V
VoL Low Level Output Vgoe = 4.5V . 54/74ALS 0.25 0.4 \
Voltage loL = 4mA
74ALS 0.35 0.5 \
loL =8mA
I Max High Input Current Voo = 5.5V, Vi = 7V 0.1 mA
IiH High Level Input Current Vce = 5.5V, V| = 2.7V i 20 pA
I Low Level Input Current | Voo = 5.5V, Vi = 0.4V -0.1 mA
o Output Drive Current Vce = 5.5V Vo = 2.25V —-30 -112 mA
Icc Supply Current Vce = 5.5V Outputs High 1.3 24 mA
Outputs Low 2.2 4 mA
Switching Characteristics over recommended operating free air temperature range (Note 1).
All typical values are measured at Voo =5V, Tp =25°C.
DMS54ALS08 DM74ALS08
Parameter Conditions Min Tvp Max Min Typ | Max Unit
TPLH, Propagation Vcc = 451055V
delay time. Low to RL = 500 Q, 4 16 4 14 ns
high leve! output CL = 50 pF.
TpHL, Propagation
delay time. High to 3 12 3 10 ns
low level output A ’

Note 1: See Section 1 for test wavetorms and output load.
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National
Semiconductor

DM54ALS09/DM74ALS09 Quad 2-Input AND Gates

‘with Open Collector Outputs

General Description

This device contains four independent gates each of
which performs the logic AND function. The open-
collector outputs require external puli-up resistors for
proper logical operation.

Pull-Up Resistor Equations

g _ Voo (Min) - Vou
MAXZ N7 (lon) + Nz (i)

Vee (Max) = Vo,

R -
MIN loL = N3 ()

N1 (lon) = total maximum output high current
for all outputs tied to pull-up resistor

N (L) = total maximum input high current for
all inputs tied to pull-up resistor

N3 (I, = total maximum input low current for
all inputs tied to pull-up resistor

Where:

Features

m Switching Specifications at 50 pF.

m Switching Specifications Guaranteed Over Full
Temperature and Vcc Range.

m Advanced Oxide-Isolated, lon-Implanted Schottky TTL
Process.

m Functionally and Pin For Pin Compatible with Schottky
and Low Power Schottky TTL Counterpart.

m Improved AC Performance Over Schottky and Low
Power Schottky Counterparts.

Absolute Maximum Ratings (Note 1)

‘Supply Voltage v
Input Voltage %
Off State (High Level)
Output Voltage ™
Operating Free Air Temperature Range
DM54ALS ) —55°C to 125°C
DM74ALS 0°C to 70°C

—65°C to 150°C

Note 1: The “Absolute Maximum Ratings” are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute
maximum ratings. The “Recommended Operating Conditions” table will
define the conditions for actual device operation.

Storage Temperature Range

Connection Diagram

Dual-In-Line Package

Vec B4 A4 Ya B3 A3 Y3
14 |13 |12 |11 |10 |9 Je

1 |2 [s fa s Je |7
A1 BI Y1 A2 B2 Y2 GND

TLIFI6179-1

S4ALS09 (J) 74ALS09 (J,N)

Function Table

Y=AB
Inputs Output
A B Y
L L L
L H L
H L L
H H H

H=High Logic Level
L=Low Logic Level

223

60STVV.NA/60STVYSING




DM54ALS09/DM74ALS09

Recommended Operating Conditions

DMS54ALS09 DM74ALS09
Parameter Min Nom Max Min Nom Max ) Unit
Supply Voltage, Vcc - 4.5 .5 5.5 4.5 5 5.5 \
High Level Input Voltage, V|4 2 2 "
Low Level Input Voltage, V| 0.8 0.8 \
High Level Output Voltage, VoH 5.5 5.5 \
Low Level Output Current, oL 4 8 mA
Electrical Characteristics over recommended operating free air temperature range.
All typical values are measured at Vg =5V, Tp =25°C. ‘

Symbol Parameter Conditions Min Typ Max Unit
VIK Input Clamp Voltage Vece = 4.5V, I = —18 mA -15 \
10H High Level Output Vge = 4.5V, VoH = 5.5V 100 uA

Current
VoL Low Level Output Vge = 4.5V 54/74ALS 0.25 0.4 \
Voltage loL = 4 mA
74ALS 0.35 0.5 \
loL = 8 mA
] ~ Max High Input Current Vce = 5.5V, Vi = v 0.1 mA
iy High Level Input Curreﬁt Vce = 5.5V, V| = 2.7V - 20 A
l"_‘ Low Level Input Current Vce = 5.5V,'V|L = 0.4V -0.1 ‘mA
Icc Supply Current Vce = 5.5V Outputs High 13 24 mA
Outputs Low 2.2 4 mA
SWItChlng Characteristics over recommended operating free air temperature range (Note 1).
All typical values are measured at Voo =5V, Tp=25°C.
DM54ALS09 DM74ALS09
Parameter Conditions Min Typ Max Min Tvp Max Unit
TpLH, Propagation Vece = 4510 5.5V .
delay time. Low to RL = 2K, 23 59 23 ‘54 ns
high level output CL = 50 pF.
TpPHL, Propagation s
delay time. High to 5 17 5 15 ns
low level output

Note 1: See Section 1 for test waveforms and output load.

2-24




National
Semiconductor

DM54ALS10A/DM74ALS10A Triple 3-Input NAND Gates |

General Description

This device contains three independent gates each of
which performs the logic NAND function.

Features

m Switching Specifications at 50 pF.

m Switching Specifications Guaranteed Over Full
Temperature and Vo Range.

m Advanced Oxide-1solated, lon-implanted Schottky TTL
Process.

m Functionally and Pin For Pin Compatible with Schottky
and Low Power Schottky TTL Counterpart.

m Improved AC Performance Over Schottky and Low
Power Schottky Counterparts.

3y

Absolute Maximum Ratings (Note 1)

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

DM54ALS —55°C to 125°C

DM74ALS
Storage Temperature Range

0°C to 70°C
—65°C to 150°C

Note 1: Thz “Absolute Maximum Ratings' are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics' table are not guaranteed at the absolute
maximum ratings. The “Recommended Operating Conditions" table will
define the conditions for actual device operation.

Connection Diagram

Dual-In-Line Package

Vec C1 Y1 C3 B3 A3 Y3

E‘ 13 |12 1 |10 |9 |a

Bl

1 2 3 4 |s 6 |7
A1 Bl A2 B2 C2 Y2 GND

TL/F/6180-1
74ALS10A (J,N)

54ALS10A (J)

Function Table

Y=ABC
Inputs Output
A | B | C Y
X X L H
X L X H
L X X H
H " H H L

H = High Logic Level
L =Low Logic Level
X = Either Low or High Logic Level
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DM54ALS10A/DM74ALS10A

Recommended Operating Conditions

DM54ALS10A DM74ALS10A
Parameter . - : Min Nom Max . Min Nom Max Unit
Supply Voitage, Vcc 4.5 5 5.5 4.5 5 55 )
(High Level Input Voltage, VIH 2 2 \
Low Level Input Voltage, V)i . 0.8 Y108 \%
High Level Output Current, IoH - —04 -0.4 mA
Low Level Output Current, IoL ' 4 8 mA

Electrical Characteristics over recommended operating free air temperature range.
All typical values are measured at Voo =5V, T =25°C.

" Symbol Parameter Conditions . Min Typ Max Unit
VIK Input Clamp Voltage Vee =45V, I = —18 mA -15 |-V
VOH High Level Output IoH = —0.4mA véc—2 , v

Voltage Vogc=4.5t05.5V
VoL Low Level Output Vce = 4.5V 54/74ALS 0.25 0.4 \"
Voltage =~ - loL =4 mA
' 74ALS - 0.35 0.5 v
loL = 8mA
1] Max High Input Current Veg = 5.5V, Vi = 7V 0.1 mA
IIH High Level Input Current Vce = 5.5V, VIH = 2.7V ) 20 uA
L Low Level Input Current Vce = 5.5V, VL = O.4i/ ’ -0.1 mA
o Output Drive Current Vece = 5.5V Vo = 2.25V —30 -112 mA
Icc Supply Current Vce = 5.5V Outputs High - 032 0.6 mA -
Outpufs Low 1.2 _ 22 mA

Switching Characteristics over recommended operating free air temperature range (Note 1).
All typical values are measured at Voo =5V, Tpo=25°C. o

DMS54ALS10A DM74ALS10A

Parameter Condmon_s Min Typ Max Min Typ Max Unit
TpLH, Propagation Vce = 4510 5.5V

delay time. Low to RL = 500 Q, 2 3 2 4 11 ns
high level output CL = 50 pF.

TpPHL, Propagation
. delay time. High to i 2 . 12 2 6 0 ns
- low level output

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

KDM54ALS11AI DM74ALS11A Triple 3-Input AND Gates

VHSTVYZNA/VHSTVYSING

General Description Absolute Maximum Ratings (Note 1) )
This device contains three independent gates each of Supply Voltage N
which performs the logic AND function. Input Voltage v

Operating Free Air Temperature Range
DM54ALS —55°C to 125°C
Features DM74ALS 0°C to 70°C
® Switching Specifications at 50 pF. Storage Temperature Range —65°C to 150°C
® Switching Specifications Guaranteed Over Full Note 1: The “Absolute Maxi Ratings" are those values beyond
o : The “Absolute Maximum Ratings” are those values beyon

Temperature and VCC Range. which the safety of the device can not be guaranteed. The device should
m Advanced Oxide-Isolated, lon-implanted Schottky TTL not be operated at these limits. The parametric values defined in the
Process. “Electrical Characteristics” table are not guaranteed at the absolute

maximum ratings. The ““Recommended Operating Conditions" table will .

® Functionally and Pin For Pin Compatible with Schottky define the conditions for actual device operation.

. and Low Power Schottky TTL Counterpart.
® Improved AC Performance Over Schottky and Low
Power Schottky Counterparts.

Connection Diagram _ Function Table

Dual-In-Line Package

Ve¢ C1 Y1 €3 B3 A3 V3

14 |13 J12 |11 Jo o e Y=ABC
Inputs Output
A B (o4 Y
X X L L
' X L X L
——_—___.—'.;] v lox | ox L
‘ H H H H
!
1 ]2 Js Ja |s |e |7

H =High Logic Level
A1l B1 A2 B2 C2 Y2 GND L=Low Logic Level

TLIF/6181-1 X = Either Low or High Logic Level
54ALS11A (J) T4ALS11A (J,N)
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DM54ALS11A/DM74ALS11A

Recommended Operating Conditions

DMS4ALS11A DM74ALS11A .
Parameter Min Nom Max Min Nom Max Unit
Supply Voltage, Voo 45 5 5.5 4.5 5 - 55 \Y
High Level Input Voltage, V|4 2 2 v
Low Level Input Voltage, V| 0.8 ) 0.8 \
High Level Output Current, IoH —0.4 ~04 mA
Low Level Output Current, loL 4 8 mA
Electrical Characteristics over recommended operating free air temperature range.
All typical values are measured at Voo =5V, Ta=25°C.
Symbol Parameter Conditions Min Typ Max Unit
ViK Input Clamp Voltage Voo = 4.5V, 1) = —18 mA ’ -15 v
VOH High Level Output IoOH = —0.4mA Veec—2 \'
Voltage Vcc=45t055V
VoL Low Level Output Vce = 4.5V 54/74ALS 0.25 0.4 \
Voltage loL = 4mA
74ALS 0.35 0.5 \Y
loL=8mA .
I Max High Input Current | Vg = 5.5V, Vjig = 7V 0.1 mA
IIH High Level Input Current Vce = 5.5V, V|g = 2.7V 20 uA
L Low Level Input Current Vee = 5.5V, V)L = 0.4V -0.1 mA
o Output Drive Current Ve =55V Vo = 2.25V -30 -112 mA
Icc Vec =55V Outputs High 1 1.8 mA
Outputs Low 1.6 3 mA
Switching Characteristi_cs over recommended operating free air temperature range (Note 1).
All typical values are measured at Vg =5V, T =25°C.
DM54ALST1A DM74ALST1A
Parameter Conditions , Min Typ Max Min Tvp Max Unit
TpPLH, Propagation Vce = 45t0 5.5V
delay time. Low to RL = 500 @, 2 ' 16 2 13 ns
high level output CL = 50 pF.
TpHL, Propagation ’
delay time. High to 2 12 2 10 - ns
low level output

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM54ALS12A/DM74ALS12A Triple 3-Input NAND Gates

with Open Collector Outputs

General Description

This device contains three independent gates each of
which performs the logic NAND function. The open-
collector outputs require external pull-up resistors for
proper logical operation.

Pull-Up Resistor Equations

Ruray = Vcc (Min) = Voy
MAX= N7 (lor) + Na (i)

Rugn = Ve (Max) = Vo,
MiN loL— N3 ()

Where: Ny (lon) =total maximum output high current
for all outputs tied to pull-up resistor

N (1) = total maximum input high current for
all inputs tied to pull-up resistor

N3 (I) = total maximum input low current for
all inputs tied to pull-up resistor

Features

m Switching Specifications at 50 pF.
m Switching Specifications Guaranteed Over Full
Temperature and Vcc Range.

m Advanced Oxide-Isolated, lon-implanted Schottky TTL
Process.

m Functionally and Pin For Pin Compatible with Schottky
and Low Power Schottky TTL Counterpart.

m Improved AC Performance Over Schottky and Low
Power Schottky Counterparts..

Absolute Maximum Ratings (Note 1)

Supply Voltage . A"
Input Voltage v
Off State (High Level)
Output Voltage v
Operating Free Air Temperature Range
DMS54ALS —55°C to 125°C
DM74ALS 0°C to 70°C

Storage Temperature Range —65°C to 150°C
Note 1: The “Absolute Maximum Ratings” are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics’ table are not guaranteed at the absolute
maximum ratings. The “Recommended Operating Conditions” table wiil
define the conditions for actual device operation.

Connection Diagram

Dual-In-Line Package

Vec C1 Y1 €3 B3 A3 v3
14 |13 |12 11 J10 e |a

=

1 |2 Ja Ja |5 e |7

A1 Bl A2 B2 C2 Y2 GND
TLIFI6182-1
54ALS12A (J) T4ALS12A (J,N)

Function Table

Y=ABC
Inputs Output
A B | C Y
X X L H
X | L X H
L X X H
H H - H L

H =High Logic Level
L =Low Logic Level
X =Either Low or High Logic Level
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DM54ALS12A/DM74ALS12A

‘Recommended Operating Conditions

DM54ALS12A DM74ALS12A
Parameter Min Nom Max Min Nom Max Unit
Supply Voltage, Vcc 45 5 5.5 4.5 5 5.5 \
High Level Input Voltage, ViH 2 2 \"
Low Level Input Voltage, VL 0.8 0.8 \"
High Level Output Voltage, VoH 55 5.5 \ )
Low Level Output Current, oL 4 8 mA
Electrical Characteristics over recommended operating free air temperature range.
All typical values are measured at Voo =5V, Tp = 25°C.
Symbol | Parameter Conditions Min Typ Max Unit
VIK Input Clamp Voltage Vee = 4.5Vl = =18 mA —-1.5 \"
IOH High Level Output Vee = 4.5V, VoH = 5.5V 100 wA
Current -
VoL Low Level Output - Vee = 4.5V 54/74ALS. 0.25 0.4 \%
Voltage loL=4mA . o
74ALS 0.35 0.5 \
loL =8mA ‘
1] Max High Input Current Ve = 5.5V, VIH =7V 0.1 mA
IH High Level Input Current Vgge = 5.5V, VIH = 2.7V 20 pA
TN Low Level Input Current Vee = 5.5V, Vi = 0.4V -0.1 mA
Icc Voe = 5.5V Outputs High 0.32 0.6 mA
Outputs Low 1.2 22 mA
Electrical Characteristics over recommended operating free air temperature range.
All typical values are measured at Vgg =5V, Ta=26°C.
|DM54ALS12A DM74ALS12A
Parameter Conditions Min Tvp Max Min Tve Max Unit
TpPLH, Propagation Vce = 45t0 5.5V
delay time. Low to RL = 500 Q, .23 59 23 54 ns
high level output CL =50pF.
TPHL, Propagation '
delay time. High to 5 22 5 18 ns
low level output , )

Note 1: See Section 1 for test waveforms and output load.
.
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National | , PRELIMINARY
Semiconductor ’

DM54ALS13/DM74ALS13 Dual 4-Input NAND Gates with
Schmitt Trigger Inputs

General Description Absolute Maximum Ratings (Note 1)

This device contains two independent gates, each of  Supply Voltage - v

which pe:rforrr}s the logic NAND function. Each inputhas  |nput Voltage ’ v

hysteresis which incre:ase_s the npise immunity and tra}ns- Storage Temperature —65°Cto + 150°C

forms a slowly changing input signal to a fast changing,

jitter-free output. Note 1: The “Absolute Maximum Ratings” are those values beyond
which the safety of the device cannot be guaranteed. The device should

Features not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute

B Switching specifications at 50 pF maximum ratings. The “Recommended Operating Conditions’ table will

. . er . define the conditions for actual device operation.
B Switching specifications guaranteed over full

temperature and V¢ range

B Advanced oxide-isolated, ion-implanted Schottky TTL
process

M Functionally and pin-for-pin compatible with Schottky
and low power Schottky TTL counterparts

B Improved AC performance over Schottky and low
power Schottky counterparts

£1SIVYZNA/ELSTVISING

Connection Diagram Function Table

Dual-In-Line Package

Vee 02 [ NC 82 A2 v2 Y=ABCD
]14 3 e " 10 Is 8
Inputs Output
A B c D Y
X X X L H
X X L X H
X L X X H
L X X X H
H H H H L
1 2 IJ a 5 6 1 H =High Logic Level
A 1 NC 4] 01 1 GND L=Low Logic Level

X = Either Low or High Logic Level

DMS54ALS13 (J) DM74ALS13 (N)

This document contains information on a product under devefopment. NSC reserves the right to change or discontinue this product without notice.
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DM54ALS13/DM74ALS13

Recommended Operating Conditions

DM54ALS13 DM74ALS13
Symbol Parameter - Units
\ Min Typ Max Min Typ Max
Vee Supply Voltage 45 5 55 4.5 5 55 Y
Vi, Positive-Going Input 14 2 1.4 2, v
Threshold Voltage (Note 1) '
Vi_ Negative-Going Input 0.7 1.2 0.8 1.2 \
Threshold Voltage (Note 1)
Hys Input Hysteresis (Note 1) 0.5 0.5 \
loH High Level Output Current -04 -04 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating —-55 125 0 70 °C
Temperature
Electrical Characteristics over recommended operating free air temperature (un‘less otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 2)
\'A Input Clamp Voltage Vee=Min, |j= —18 mA -15 \
Vou High Level Output Vee =Min DM54 Voo -2 3.4 \
Voltage IOH =Max . DM74 VCC ~2 3.4 Y]
Vi=V1_mMin .
VoL Low Level Output Vee =Min DM54 0.25 " 04 \
Voltage loL = Max DM74 0.35 05 v
Vi=V14 Max
T4 Input Current at Vee=5V,V|=Vr, 0.03 mA
Positive-Going -
Threshold - )
Ir_ Input Current at Vee=5V,V|=Vr_ 0.034 mA
: Negative-Going : '
Threshold
N Input Current at Max Vec =Max, V=7V 0.1 mA
Input Voltage
m High Level Input Voo =Max, V=27V 20 A
Current
e Low Level Input Vee =Max, Vi =0.4V -01 mA
Current
lo Output Drive Vee =Max, Vo=2.25V -30 -112 mA
Current :
lceH Supply Current with Vee = Max 4 mA
Outputs High
" leoL Supply Current with Vce = Max 4 mA
Outputs Low )
Switching Characteristics over recommended operating free air temperature range
DM54ALS13 DM74ALS13 .
Symbol Parameter Conditions ' ’ Units
m Min | P | max | Min | PP | max
(Note 2) (Note 2) |
tpLy - | Propagation Delay Time, |Vog=4.5V to 55V, 8 8 " ns
Low to High Level Output | R =2 kQ, !
tpuL | Propagation Delay Time, | CL=50PF 13 13 ns
High to Low Level Output |

Note 1: Voo =5V.
Note 2: Ali typicals are at Vog =5V, TA=25°C.

2-32




National
Semiconductor

PRELIMINARY

DM54ALS14/DM74ALS14 Hex Inverters with

Schmitt Trigger Inputs

General Description

This device contains six independent gates, each of which
performs the logic INVERT function. Each input has
hysteresis which increases the noise immunity and trans-
forms a slowly changing input signal to a fast changing,
jitter-free output.

Features

® Switching specifications at 50 pF

B Switching specifications guaranteed over full
temperature and Vg range

B Advanced oxide-isolated, ion-implanted Schottky TTL
process

B Functionally and pin-for-pin compatible with Schottky
and low power Schottky TTL counterparts

B Improved AC performance over Schottky and low
pqwer Schottky counterparts

: i
Absolute Maximum Ratings (ote 1)

Supply Voltage v
Input Voltage v
Storage Temperature - 65°Cto +150°C

Note 1: The “Absolute Maximum Ratings"” are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute
maximum ratings. The “Recommended Operating Conditions™ table will
define the conditions for actual device operation.

Connection Diagram

Dual-in-Line Package

Vee [ ¥6 A5 Y5 a4 va
1 | 13 12 1" 10 Is 'u
I 1 I 2 3. 4 5 6 7
Al Y1 Az vz A3 v3 GND
TL/IFI6183-1
DM54ALS14 (J) DM74ALS14 (N)

Function Table

/
Y=A
Input Output
A Y
L H
H L

. H=high logic level
L =1low logic level

This document contains information on a product under development. NSC reserves the right to change or discontinue this product without notice.
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DM54ALS14/DM74ALS14

Recommended Operating Conditions

DM54ALS14 DM74ALS14
Symbol Parameter — - Units
Min Typ Max Min Typ Max
Vecc - | Supply Voltage 45 5 5.5 4.5 5 55 \
Vg Positive-Going Input 14 2 14 2 \
Threshold Voltage (Note 1)
Vr_ Negative-Going Input 0.7 1.2 0.8 1.2 \
Threshold Voltage (Note:1) .
Hys Input Hysteresis (Note 1) 0.5 0.5 \
lon High Level Output Current -0.4 -04 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating -55 125 0 70 °C
Temperature
Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)
Symbol Parameter Conditions Min Tvp Max Units
(Note 2)
\ Input Clamp Vec=Min, Ij= —18 mA -15 v
Voltage
Vo High Level Output Vee = Min DM54 Voo -2 34 V-
Voltage IOH= Max DM74 VCC—Z 3.4
VIL= Max )
Vou Low Level Output Vee =Min DM54 0.25 04 \%
Voltage loL = Max DM74 0.35 05 v
Vil =Min .
Iy Input Current at Vec =5V, Vi=V1,4 0.03 . mA
Positive-Going
Threshold
Ir- ‘Input Current at Vee=5V,V|=Vr_ 0.034 mA
Negative-Going
Threshold
Iy Input Current at Max Vee=Max, V=7V 0.1 mA
Input Voltage
M High Level Input Veo=Max, V| =2.7V 20 »A
Current
I Low Level Input Vce=Max, V|=0.4V -0.4 mA |
Current oA
lo Output Drive Voo =Max, Vo =225V -30 -112 mA
Current )
locH Supply Current with Voo =Max 12 mA
Outputs High
leoL Supply Current with Vee =Max 12 mA
Outputs Low

Note 1: Voo =5V.
Note 2:, All typicals are at Voo =5V, Tpo =25°C.




Switching Characteristics over recommended operating free air temperature range

DM54ALS14 DM74ALS14
Symbol Parameter Conditions Typ . Typ Units
Min_ (Note 3) Max Min (Note 3) Max
tprq | Propagation Delay Time, | Voo =4.5V to 5.5V, 8 8 ns
Low to High Level Output | R =2k,
tpuL | Propagation Delay Time, | CL=50 PF 8 8 ns
High to Low Level Output

Note 3: All typicals are at Voo =5V, Tp =25°C.
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DM54ALS15/DM74ALS15

National
Semiconductor

DM54ALS15/DM74ALS15 Triple 3- Input AND Gates

with Open Collector Outputs

General Description

This device contains three independent gates each of
which performs the logic AND function. The open-
collector outputs require external pull-up resistors for
proper logical operation.

Pull-Up Resistor Equations

Rusy = Ve (Min) = Vo
MAXZNT (o) + N2 ()
Ve (Max) = Vo

R =
MIN loL~ N3 (i)

Where: Nj (lon) =total maximum output high current

for all outputs tied to pull-up resistor

Ny (I4) = total maximum input high current for
all inputs tied to pull-up resistor

N3 (I) = total maximum input low current for
all inputs tied to pull-up resistor

Features

m Switching Specifications at 50 pF.

m Switching Specifications Guaranteed Over Full
Temperature and Vcc Range.

m Advanced Oxide-Isofated, lon- Implanted Schottky TTL
Process.

m Functionally and Pin For Pin Compat:ble with Schottky
and Low Power Schottky TTL Counterpart.

® Improved AC Performance Over Schottky and Low
Power Schottky Counterparts.

Absolute Maximum Ratings (Note 1)

Supply Voltage - } v
Input Voltage ' v
Off State (High Level)
Output Voltage v
Operating Free Air Temperature Range
DMS54ALS —55°C to 125°C
DM74ALS 0°C to 70°C
Storage Temperature Range —65°C to 150°C

Note 1: The "Absolute Maximum Ratings™ are those values beyond .
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute
maximum ratings. The “Recommended Operating Conditions” table will
define the conditions for actual device operation.

Connection Diagram

Dual-In-Line Package
Ve¢ €1 Yl €3 B3 A3 Y3
19 |13 |12 11 1o o s

1 2 3 4 s 6 |7 -
Al B1 A2 B2 C2 Y2 GND

TLIFI6183-1
54ALS15 (J) - 74ALS15 (J,N)

Function Table -
Y=ABC
Inputs Output
A B c Y
X X L L
X L X L
L X X L
H H H H

H=High Logic Level
L=Low Logic Level
X =Either Low or High Logic Level
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Recommended Operating Conditions

(=}
=
b4

DMS54ALS15 DM74ALS15 >

- i r

Parameter Min | Nom | Max | Min | Nom | Max | UMt »

-—h

N

Supply. Voltage, Vcc 4.5 5 5.5 4.5 5 55 \ a

High Level Input Voltage, V|H 2 2 \ E

N

Low Level Input Voltage, V| 0.8 0.8 Y ,2

- (2]

High Level Output Voltage, VOH 5.5 5.5 \ E:
Low Level Output Current, 1oL 4 8 mA

Electrical Characteristics over recommended operating free air temperature range.
All typical values are measured at Voo =5V, Tp=25°C.

Symbol Parameter Conditions Min Typ Max Unit
VIK Input Clamp Voltage Vce = 4.5V, 1) = —18 mA | -15 \
10H High Level Output Ve = 4.5V, VoH = 5.5V 100 kA

Current )
VoL Low Level Output Vce = 4.5V 54/74ALS 0.25 0.4 v
Voltage loL =4 mA
74ALS 0.35 0.5 \
loL=8mA :
1] Max High Input Current Vee = 5.5V, VIH =7V 0.1 ‘mA
IH High Level Input Current Vce = 5.5V, V| = 2.7V ) ' 20 A
[ITH Low Level Input Current Vce = 5.5V, V)L = 0.4V e ’ -0.1 mA
Icc Supply Current Vce = 5.5V Outputs High 1.0 1.8 mA
Outputs Low 1.66 3.0 mA

Switching Characteristics over recommended operating free air temperature range (Note 1).
All typical values are measured at Voo =5V, Tp =25°C. '

. DM54ALS15 DM74ALS15
Parameter Conditions Min Typ Max Min Typ Max Unit
TpLH, Propagation Vce = 4.5t0 5.5V
delay time. Low to RL = 2KQ, 20 50 20 ‘ 45 ns
high level output CL = 50 pF. :

TpHL., Propagation
delay time. High to 6 23 6 20 ns
low level output

Note 1: See Section 1 for test waveforms and output load.
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DM54ALS20A/DM74ALS20A

National
Semiconductor

DM54ALS20A/DM74ALS20A Dual 4-|nput NAND Gates

General Description

This device contains two independent gates each of
which performs the logic NAND function.

Features .

m Switching Specifications at 50 pF.

® Switching Specifications Guaranteed Over Full
Temperature and Voc Range.

® Advanced Oxide-Isolated, lon-Implanted Schottky TTL
Process. .

m Functionally and Pin For Pin Compatible with Schottky
and Low Power Schottky TTL Counterpart.

8 Improved AC Performance Over Schottky and Low
Power Schottky Counterparts.

Absolute Maximum Ratings (Note 1)

Supply Voltage i v
Input Voltage v
Operating Free Air Temperature Range

DMS54ALS —55°C to 125°C

DM74ALS
Storage Temperature Range

0°C to 70°C
—65°C to 150°C

Note 1: The “Absolute Maximum Ratings” are those values beyond
which the safety of the device can not be guaranteed. The device should
not.be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute
maximum ratings. The “Recommended Operating Conditions” table will
define the conditions for actual device operation.

\

Connection Diagram

Dual-In-Line Package

Vec D2 C2 NC B2 A2 Yy2
|14 13 |12 J11 Jro |9 |8

+

1 2 |3 a 5 s |7

A1l B1 NC Cc1 D1 Y1 GND
TLIF/6184-1

54ALS20A (J) T4ALS20A (J, N)

Function Table

Y=ABCD

Inputs Output
A B (o] D Y
X X X L H
X X L X H
X L X X H
L X X X H
H H H H L

H=High Logic Level
X L =_Low Logic Level
X = Either Low or High Logic Level
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Recommended Operating Conditions

DM54ALS20A DM74ALS20A
Parameter Min | Nom | Max | Min | Nom | Max | UMt
Supply Voltage, Vcc 4.5 5 55. 4.5 5 55 \
High Level Input Voltage, V|4 2 2 \
Low Level Input Voltage, V)| 0.8 0.8 \
High Level Output Current, IoH ~0.4 —0.4 mA
Low Level Output Current, oL 4 8 mA
Electrical Characteristics over recommended operating free air temperature range.
All typical values are measured at Vo =5V, Tp =25°C.
Symbol Parameter Conditions Min Typ Max Unit
ViK Input Clamp Voltage Vce = 4.5V, 1) = —18 mA —-1.5 \
VOH High Level Output IoH = —0.4mA Vec—2 "
Voltage Voc=4.5105.5V
VoL Low Level Output Vce = 4.5V 54/74ALS 0.25 0.4 v
' Voltage loL =4 mA
74ALS 0.35 0.5 Vv
loL =8mA
Iy Max High Input Current * | Voo = 5.5V, V| = 7V 0.1 mA
liH High Level'Input Current Voe = 5.5V, Vi = 2.7V 20 wA
hL Low Level Input Current Vece = 5.5V, Vi = 0.4V -0.1 mA
o Output Drive Current Vge = 5.5V Vo = 2.25V —30 -112 mA
lcc Vce = 5.5V Outputs High 0.22 0.4 mA
Outputs Low 0.81 1.5 mA
Switching Characteristics over recommended operating free air temperature range (Note 1).
All typical values are measured at Vo =5V, Tp =25°C.
DM54ALS20A DM74ALS20A
Parameter Conditions Min Typ Max Min Typ Max Unit
TpLH, Propagation Vce = 4.5t0 5.5V }
delay time. Low to RL = 500 @, 3 13 3 11 ns
high level output CL = 50 pF.
TpHL, Propagation ‘
delay time. High to 3 12 3 10 ns
low level output

\ote 1: See Section 1 for test waveforms and output load.
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DM54ALS21/DM74ALS21

National
Semiconductor

DM54ALS21/DM74ALS21 Dual 4-Input AND Gates

General Description

This device contains two independent gates each of
which performs the logic AND function.

Features

m Switching Specifications at 50 pF.

® Switching Specifications Guaranteed Over Full
Temperature and Vcc Range.

m Advanced Oxide-Isolated, lon-Implanted Schottky TTL
Process. )

® Functionally and Pin For Pin Compatible with Schottky
and Low Power Schottky TTL Counterpart.

[ ] Irhproved AC Performance Over Schottky and Low
Power Schottky Counterparts.

Absolute Maximum Ratings (ote 1)

Supply Voltage ) v
Input Voltage v
Operating Free Air Temperature Range

DM54ALS ' —55°C to 125°C

DM74ALS
Storage Temperature Range

0°C to 70°C
—65°C to 150°C .

Note 1: The “Absolute Maximum Ratings” are those values beyond
which the safety of the device can not be guaranteed. The device should
not be operated at these limits. The parametric values defined in the
“Electrical Characteristics” table are not guaranteed at the absolute
maximum ratings. The *‘Recommended Operating Conditions’ table will
define the conditions for actual device operation.

Connection Diagram

Dual-In-Line Package

Vc¢ D2 €2 NC B2 A2 Y2
N R s |

1 ]2 s e [s e |7

A1 B1 NC Cc1 D1 Y1 GND
v TL/F/6185-1

54ALS21 (J)  74ALS21 (J,N)

Function Table

Y=ABCD
Inputs Output
A B (o} D Y
X X X L L
X X L X L
X L X X L
L X X X L
H H H H H

- H=High Logic Level
L= Low Logic Level
X = Either Low or High Logic Level
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o
Recommended Operating Conditions E
DMS4ALS21 DM74ALS21 S
Parameter Min Nom Max Min Nom Max Unit 5
N
Supply Voltage 45 5 5.5 45 5 5.5 \Y =
=)
High Level Input Voltage, ViH 2 ' 2 \Y =
, a
Low Level Input Voltage, V|_ 0.8 0.8 \ >
-
High Level Output Current, IoH —0.4 —04 | mA @
: -
Low Level Output Current, IoL 4 ' 8 mA
Electrical Characteristics over recommended operating free air temperature range. ‘
All typical values are measured at Vec =5V, Tp =25°C. )
Symbol Parameter Conditions Min Typ Max Unit
ViK Input Clamp Voltage Vee =45V, I = —18mA -1.5 v
VoH High Level Output IoH = —0.4mA veo—2 v
Voltage Voo =4.5105.5V
VoL Low Level Output Vee = 4.5V 54/74ALS 0.25 0.4 Vv
Voltage oL = 4 mA
74ALS 0.35 0.5 \
loL = 8mA
[] Max High Input Current Vce = 5.5V, VI =7V 0.1 mA
IIH -| High Level Input Current Vce =55V, Vi =27v 20 rA
I Low Level Input Current Vce = 5.5V, V)L = 0.4V . -01 mA
lo Output Drive Current Veoe = 5.5V Vo = 2.25V —30 -112 mA
Icc Supply Current Vce = 5.5V Outputs High 0.67 1.2 mA
Outputs Low 1.10 2 mA
Switching Characteristics over recommended operating free air temperature range (Note 1).
All typical values are measured at Voo =5V, Ta =25°C. '
. / DMS54ALS21 DM74ALS21
Parameter Conditions Min Tvp Max Min Typ Max Unit
TpLH. Propagation Vce = 4.5t0 5.5V
delay time. Low to RL = 500 , 6 30 6 26 ns
high level output CL = 50 pF.
TpHL. Propagation
delay time. High to 3 12 3 10 ns
low level output )
Note 1: See Section 1 for test waveforms and output load.
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DM54ALS22B/DM74ALS22B

National
Semiconductor

DM54ALS22B/DM74ALS22B Dual 4-Input NAND Gates

with Open Collector Outputs

General Description

This device contains two independent gates each of
which performs the logic NAND function. The open-
collector outputs require external pull-up resistors for
proper logical operation.

Pull-Up Resistor Equations

Buiny = Vce (Min) = Von
MAXZ NS (lor) + Nz (i)

Vee (Max) - Vo,

H =
MINT TloL=N3 (h)

Where: Nj (lon) =total maximum output high current

for all outputs tied to pull-up resistor

N3 (i) = total maximum input high current for
all inputs tied to pull-up resistor

N3 () = total maximum input low current for
all inputs tied to pull-up resistor

Features

m Switching Specifications at 50 pF.

m Switching Specifications Guaranteed Over Full
Temperature and Vcc Range.

m Advanced Oxide-Isolated, lon-Implanted Schottky TTL
Process.

m Functionally and Pin For Pin Compatible with Schottky
and Low Power Schottky TTL Counterpart.

m Improved AC Performance Over Schottky and Low
Power Schottky Counterparts.

Absolute Maximum Ratings (vote 1)

Supply Voltage v
Input Voltage w
Off State (High Level)
Output Voltage . v
Operating Free Air Temperature Range
DMS54ALS —55°C to 125°C
DM74ALS 0°C to 70°C

Storage Temperature Range —65°C to 150°C
Note 1: The “Absolute Maximum Ratings” are those values beyond
which the safety of the device can not be guaran