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541.8139/DM54L.S139 Dual 2-to-4 Line Decoder/Demultiplexer ........... ...t 2-150
54L.S151/DM54LS151 1-0f-8 Line Data Selector/Multiplexer with Complementary Outputs ........ 2-155
B54LS152 8-Input MUItIPIEXET . . . . ..t e e e 2-158
541.8153/DM54L.S153 Dual 1-0f-4 Line Data Selectors/Multiplexers ................ ...t 2-161
DM54LS154 4-t0-16 Line Decoder/DemultipleXxer . . . .....uuiiitiiiiit it iiineeennns 2-164
541.S155/DM54LS155 Dual 2-to-4 Line Decoders/1-to-4 Line Demultiplexer .................... 2-167
541.8156/DM54L.S156 Dual 2-to-4 Line Decoders/1-to-4 Line Demultiplexer with

Open-Collector QUIPULS . ... ittt et e eaes 2-167
54|.S157/DM54L.S157 Quad 2-to-1 Line Data Selector/Multiplexer............... ..ot 2-171
541.8158/DM54L.S158 Quad 2-to-1 Line Inverting Data Selector/Multiplexer .................... 2-171
54| S160A Synchronous Presettable BCD Decade Counter..........ccooviiiiiiiiiiineen... 2-175
54L.S161A/DM54LS161A Synchronous 4-Bit Binary Counter with Asynchronous Clear............ 2-180
54L.S162A Synchronous Presettable BCD Decade Counter. ...........ccoviiiiiiiinininnn... 2-175
541 S163A/DM54L.S163A Synchronous 4-Bit Binary Counter with SynchronousClear............. 2-180
541.S164/DM54L.S164 8-Bit Serial In/Parallel Out Shift Register with Asynchronous Clear. .. ...... 2-188
541.8165 8-Bit Parallel In/Serial Out Shift Register with Complementary Qutputs ................. 2-191
5418168 Synchronous Bi-Directional BCD Decade Counter ............cooviiiiiiiiiieenn... 2-199
541.8169/DM54LS169A Synchronous 4-Bit Up/Down Binary Counter ..............c.ccovee.... 2-203
5418170 4-by-4 Register File with Open-CollectorOutputs ..., 2-208
5418173 4-Bit TRI-STATE D Register .. ..ot e e e 2-212
541.S174/DM54L.S174 Hex D Flip-Flopwith Clear . ... ... oo e 2-216
541.8175/DM54LS175 Quad D Flip-Flop with Clear and Complementary Outputs................. 2-216
5418181 4-Bit Arithmetic Logic Unit ... ..o 2-221
DM54L.S190 Synchronous BCD Up/Down Decade Counter with Mode Control . .................. 2-228
DM54LS191 Synchronous 4-Bit Up/Down Binary Counter with Mode Control .................... 2-228
541.5192 Up/Down Decade Counter with Separate Up/Down Clocks ............cooviiiion. 2-234
541.8193/DM54L.S193 Synchronous 4-Bit Up/Down Binary Counter with Dual Clock.............. 2-238
541.S194A 4-Bit Bidirectional Universal Shift Register ...t 2-243
541.S195A 4-Bit Parallel Access Shift Register .......... ... 2-247
541.5240/DM54LS240 Octal TRI-STATE Inverting Buffer/Line Driver/Line Receiver.............. 2-264
541.5241/DM54L.S241 Octal TRI-STATE Buffer/Line Driver/Line Receiver...................... 2-264
541.S244 Octal TRI-STATE Buffer/Line Driver/Line Receiver ...........c.ooiiiiiiiiiiinen. 2-270
541.8245/DM54L.5245 Octal TRI-STATE Bus Transceiver. .......covviiiiiiiiiiiii i 2-273
5418247 BCD to 7-Segment Decoder/Driver with Open-Collector Outputs ...................... 2-276
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5415248 BCD to 7-Segment Decoder with 2 kQ Pull-Up Resistors. ...........ccoviiviininnn... 2-279
5418249 BCD to 7-Segment Decoder with Open-Collector Qutputs............ccoviiiin... 2-282
DM541.S251 TRI-STATE 1-0f-8 Line Data Selector/Multiplexer with Complementary Outputs ... ... 2-286
541.5253/DM54L.S253 Dual TRI-STATE 1-of-4 Line Data Selector/Multiplexer................... 2-289
5415256 Dual 4-Bit Addressable Latch ...t 2-292
541.5257A/DM54L.S257B Quad TRI-STATE 2-to-1 Line Data Selector/Multiplexer ............... 2-296
54L.S258A/DM54L.S258B Quad TRI-STATE 2-to-1 Line Inverting Data Selector/Multiplexer . ... ... 2-296
5415259 8-Bit Serial In to Parallel Out Addressable Latch ...............ccoiiiiiiiiii ... 2-301
5418260 Dual 5-Input NOR Gate ....... ..ottt e ettt iiiaens 2-304
541.5266 Quad 2-Input EXCLUSIVE-NOR Gate with Open-Collector Outputs .................... 2-306
5418273 8-Bit Registerwith Clear. . ... ..ot e e 2-308
541.8279/DM54LS279 QUAd S-RLALCN . . . v\ttt et 2-311
541.5283/DM54L.S283 4-Bit Binary Adder with FastCarry ..........coviiiiiiniiiiinnninnnn.. 2-314
54L.S295A 4-Bit Shift Register with TRI-STATEOutputs . .. ... v 2-326
541.5298 Quad 2-Port Register (Multiplexer with Storage) ..........ooviiiiiiiiiiiiiinnnn.. 2-330
5415299 8-Input Universal Shift/Storage Register with Common Parallel I/OPins ................ 2-333
541.5322 8-Bit Serial/Parallel Register with Sign Extend. . .......... ..., 2-338
541.5323 8-Bit Universal Shift/Storage Register with Synchronous Reset and Common I/0 Pins . ..2-343
541.8347 BCD to 7-Segment Decoder/DIVET . .. ...ttt ettt iae e 2-348
5415352 Dual 1-of-4 Line Inverting Data Selector/Multiplexer ................... ... ..ol 2-350
541.S353 Dual 4-Input Multiplexer with TRI-STATEOutputs . . ... .ot v e 2-353
541 S365A/DM54L.S365A Hex TRI-STATE Buffer/BusDriver ..o, 2-357
541.S366A Hex TRI-STATE Inverting Buffer/Bus Driver ....... ..ot 2-360
541.S367A/DM54L.S367A Hex TRI-STATE Buffer/Bus Driver ..........o.vviiiieiiiiinnnnnen. 2-363
541.S368A/DM54LS368A Hex TRI-STATE Inverting Buffer/Bus Driver...................ooo.... 2-366
DM541.8373 Octal TRI-STATE TransparentDLatch . ... 2-369
541.8S374/DM54LS374 Octal TRI-STATE Positive Edge-Triggered D Flip-Flop . .................. 2-369
BALSB75 4-Bit LatCh ...\ttt e e 2-374
541.8377 Octal D Flip-Flop with Common Enableand Clock ............. ...t 2-377
5418378 Parallel D RegisterwithEnable .. ... i 2-380
5418379 Quad Parallel RegisterwithEnable ........... ... . o it 2-384
DM54LS380 Multifunction Octal Register ..........o.oiuiniiiiiiiiii i, 2-387
DM54LS380A Multifunction Octal Register ..o 2-390
541.S395 4-Bit Shift Register with TRI-STATEOULPULS .. ..ot 2-401
541.S447 BCD to 7-Segment Decoder/DIiVEr . .. ...oo vttt et 2-404
DMBALSA50 16:1 MURIPIEXEE . . o v vttt e e et et eanes 2-407
DMBEALSAB0A 16:1 MUIIPIBXEI. . oo v vttt i i i ettt 2-410
DM54LS451 Dual 8:1 MURIPIEXEr . ...ttt e it anas 2-414
DMS54LS451A Dual 8:1 MURIPIEXEE ..ottt ettt ittt i i ennas 2-417
DM54LS453 Quad 4:1 MURIPIEXEr . . . oottt e ettt iaa e 2-421
DMB54LS453A Quad 4:1 MUIEIPIEXEr ...\t tii eiieeiieciieceeeaas 2-424
DMB54LS460 10-Bit COmMParator. .. ...ttt e e 2-428
DMBE4LS460A 10-Bit COMPArator . ........vviuutiiitiiii ittt iiie i iiaennns 2-431
DMBALSA461 Octal COUNET. . ..ttt t ittt ettt e it e i aeanennes 2-435
DMBALSA61A OCtal COUNLET ..o vttt ittt ettt e et ittt eenteneeneenes 2-438
DM54L.S469 8-Bit Up/DOWN COUNET ... .o v vttt ittt it ie e i eneenees 2-446
DMB54LS469A 8-Bit Up/DOWN COUNLET . . .. v vttt ettt i i e e ineenes 2-449
5415490 Dual Decade COUNET ... ...viut ettt ettt ettt ettt ra i eneenans 2-453
DMBALS491 10-Bit COUNTEN . ..ottt ettt et ettt e e neenans 2-456
DMBALSA91A 10-Bit COUNTEr . . .ottt e et 2-459
DM54LS498 Octal Shift Register. . ...t i i e i 2-463
DM54L.S498A Octal Shift Register .........ccouriiiiiiii e 2-466
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541.S502 8-Bit Successive Approximation Register ...ttt 2-470
541 S503 8-Bit Successive Approximation Register with Expansion Control ...................... 2-474
541.S670/DM54LS670 TRI-STATE 4-by-4 RegisterFile . .........c..coieiiiiiiiiiiiiiiiinn., 2-501
96LS02 Dual Retriggerable Resettable Monostable Multivibrator (One-Shot)..................... 2-517
Schottky—Commercial Products
DM74S00 Quad 2-INpUut NAND Gate ... ...ttt ettt ie e e anaaans 3-3
DM74S02 Quad 2-INpUt NOR Gate ... ...ttt ettt ettt 3-5
DM74S03 Quad 2-Input NAND Gate with Open-Collector Outputs .............ccoviiiiiennn.... 3-7
DM74804 HeX INVEIEr. . . oottt ettt et et ettt et 39
DM748S05 Hex Inverter with Open-Collector OUPULS . .. ..o vttt ittt it 3-11
DM74S08 Quad 2-INPUt AND Gate . .....ovnuut ettt et eee e teaaieaeeeeannaeens 3-13
DM74S09 Quad 2-Input AND Gate with Open-CollectorQutputs...............ccoviiiiii... 3-15
DM74S10 Triple 3-INPUtNAND Gate. . . ..o ovvt ettt ettt e et e s 3-17
DM74S11 Triple 3-InNpUt AND Gate . . ..ottt ie e e e ennns 3-19
DM74S20 Dual 4-InpUut NAND Gate . ........ounrutiiiiiiiiii it iiiiiiiiii e eninaaes 3-21
DM74S30 8-Input NAND Gate . . ... oottt e et eaas 3-23
DM74S32 Quad 2-INpUt OR GAatE ... vvvitt ittt it ii e it rennenans 3-25
DM74S40 Dual 4-Input NAND Buffer ........c.oouiiiiniiiiii i 3-27
DM74S51 Dual 2-Wide 2-Input AND-OR-INVERT Gate..........cooviiiiiiiiiiiiiiiiiii e, 3-29
DM74S64 4-Wide AND-OR-INVERT Gate ... ..cvuetitiiei it 3-31
DM74S74 Dual Positive-Edge-Triggered D Flip-Flop with Preset, Clear, and Complementary

(O 17«11 3-33
DM74S86 Quad 2-Input EXCLUSIVE-OR Gate . . ... oot iiiiiii ittt iiie e 3-36
DM74S109 Dual Positive-Edge-Triggered J-K Flip-Flop with Preset, Clear, and Complementary

(O 1o 11 3-38
DM74S112 Dual Negative-Edge-Triggered J-K Flip-Flop with Preset, Clear, and Complementary

[ 7o 1 - 3-41
DM74S113 Dual Negative-Edge-Triggered J-K Flip-Flop with Preset and Complementary Outputs . ..3-44
DM74S132 Quad 2-Input Schmitt Trigger NAND Gate. .........vvreiiniiiii e 3-47
DM74S133 13-INPUut NAND Gate ... .ot vttt ittt enans 3-50
DM74S138 3-t0-8 Line Decoder/Demultiplexer . ... .........uueeiniieeetiieaannieeeeennnnns 3-52
DM74S139 Dual 2-to-4 Line Decoder/Demultiplexer...........coouiiiiiiiiiiiiiiiinnnenn. 3-52
DM74S140 Dual 4-Input NAND 50Q LiNe DIVer . . ..ottt eeieenns 3-56
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DM74S153 Dual 1-0f-4 Line Data Selector/Multiplexer. ..........cooiiiiiiiiiiiiiiiiiiennn. 3-63
DM74S157 Quad 2-to-1 Line Data Selector/Multiplexer ......... ... i 3-66
DM74S158 Quad 2-to-1 Line Inverting Data Selector/Multiplexer..............oooviiiiiiiiie... 3-66
DM74S161 Synchronous 4-Bit Binary Counter with AsynchronousClear.......................... 3-71
DM74S163 Synchronous 4-Bit Binary Counter with SynchronousClear...................cccoot... 3-71
DM74S174 Hex D Flip-Flopwith Clear . ........c.oo i e e aeaaeans 3-77
DM74S175 Quad D Flip-Flop with Clear and ComplementaryQutputs . .............c.covieena... 3-77
DM74S181 Arithmetic Logic Unit/Function Generator. .......... ...t 3-81
DM74S182 Look-Ahead Carry GENErator ...........cevuieeiintiiitenieteinueeeonnennneennees 3-90
DM74S194 4-Bit Bidirectional Universal Shift Register ..............ccociiiiiiiiiiiiiiiiin, 3-94
DM74S195 4-Bit Parallel Access Shift Register ......... ..ottt 3-98
DM74S240 Octal TRI-STATE Inverting Buffer/Line Driver/Line Receiver........................ 3-102
DM748241 Octal TRI-STATE Buffer/Line Driver/Line Receiver .............ccoiiiiiiiennn.n. 3-102
DM74S244 Octal TRI-STATE Buffer/Line Driver/LineReceiver ..............c.ooviiiiiiineenn. 3-102
DM74S8251 TRI-STATE 1-of-8 Line Data Selector/Multiplexer with Complementary Outputs ....... 3-105
DM74S253 Dual TRI-STATE 1-of-4 Line Data Selector/Multiplexer ............c.oovviiennennnnn. 3-109
DM74S257 Quad TRI-STATE 2-to-1 Line Data Selector/Multiplexer .............c.ccoiioa... 3-112
DM74S258 Quad TRI-STATE 2-to-1 Line Inverting Data Selector/Multiplexer .................... 3-112
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DM74S5280 9-Bit Parity Generator/CheCker . ......vvtiiiiiiiii ettt iaanenannnns 3-117
DM74S283 4-Bit Binary Adder with FastCarry ...ttt 3-121
DM748299 TRI-STATE 8-Bit Universal Shift/Storage Register ............... .o iiiiiiiiae, 3-125
DM74S373 Octal TRI-STATE TransparentDLatch ........ ..o 3-130
DM748374 Octal TRI-STATE Positive-Edge-Triggered DFlip-Flop ...........coiiiiiiiiiae, 3-130
DM748381 Arithmetic Logic Unit/Function Generator ...........ccoiviiiiiiiieiiiiiienennnnn. 3-135
DMB93S00 4-Bit Universal Shift Register. ...t 3-139
DM93S41 4-Bit Arithmetic LogiC Uit ... ... ettt eeanenn 3-142
DM93S43 4-Bit by 2-Bit Twos Complement Multiplier ........... ... oottt 3-149
DM93S46 High Speed 6-Bit Identity Comparator ...........ccoiuuiiiiiiiii it iiiiiiannns 3-153
DM93S47 High Speed 6-Bit Identity Comparator ...........ccvvriiiiiiiiiiiiiiiiiiiieninenns 3-157
DM9O3S62 9-Input Parity Checker/Generator .. .....c..c.uuiiiiiieerreeeeeerenereenerenenrenans 3-160
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(@ 0011 £ 3-44
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DM54S139 Dual 2-to-4 Line Decoder/Demultiplexer. .. ........oviiin i 3-52
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DM54S158 Quad 2-to-1 Line Inverting Data Selector/Multiplexer............coooviiviiiiiinn, 3-66
DM54S161 Synchronous 4-Bit Binary Counter with AsynchronousClear....................... ... 3-71
DM548163 Synchronous 4-Bit Binary Counter with SynchronousClear................. ... 3-71
DM54S174 Hex D Flip-FlopwithClear . ... ... s 3-77
DM54S175 Quad D Flip-Flop with Clear and Complementary Outputs . .........cooovvvii s, 3-77
DM548181 Arithmetic Logic Unit/Function Generator. ..., 3-81
DM54S182 Look-Ahead Carry Generator .........c..oiiiiiieeieteieeneerererneeensonesannnns 3-90
DM54S194 4-Bit Bidirectional Universal Shift Register ...............ooooiiiiiiiiiiiiiii, 3-94
DM54S195 4-Bit Parallel Access Shift Register ...ttt 3-98
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DM54S253 Dual TRI-STATE 1-of-4 Line Data Selector/Multiplexer ............c..coiveiiennnnn.. 3-109

DM54S257 Quad TRI-STATE 2-to-1 Line Data Selector/Multiplexer ..............c.c.oviinn. 3-112
DM54S258 Quad TRI-STATE 2-to-1 Line Inverting Data Selector/Multiplexer .................... 3-112
DM54S5280 9-Bit Parity Generator/Checker ........c.co.iiiiiiiiiiiiiiiitiirtenieenerennnnns 3-117
DM54S283 4-Bit Binary Adderwith FastCarry ...t i iieiaes 3-121
DM548373 Octal TRI-STATE TransparentDLatch ..ottt eienenns 3-130
DM54S374 Octal TRI-STATE Positive-Edge-Triggered DFlip-Flop ...........ccviiiviiivennn.... 3-130
TTL—Commercial Products
DM7400 Quad 2-Input NAND Gate ... ...ctviiiii ittt s ettt tanieeeeenaaannns 4-3
DM7401 Quad 2-Input NAND Gate with Open-CollectorOQutputs .........ooiiiiiiiiiieninnnenenn, 4-5
DM7402 Quad 2-INput NOR Gate ........cuiutiitiiii ittt et enaeernnaeeenns 4-7
DM7403 Quad 2-input NAND Gate with Open-Collector Outputs ...........ccoviviiiiiiininenn.. 4-9
DM7404 HeX INVEIET . . o oottt ittt et ittt et et e et saeerineenneeeannans 4-11
DM7405 Hex Inverter with Open-Collector OUtpULS .. .......ovriiii ittt ieiiineeeenans 4-13
DM7406 Hex Inverting Buffer/Driver with High-Voltage Open-CollectorOutputs ................... 4-15
DM7407 Hex Buffer/Driver with High-Voltage Open-Collector Outputs ...............coovvuiinee.. 4-17
DM7408 Quad 2-INpUt AND Gate .. .......cuutiettiiniiteeeananannesesanseeennnnnnnaeeans 4-19
DM7409 Quad 2-Input AND Gate with Open-Collector Qutputs . ..........coiiiiiiiiiiiien.n, 4-21
DM7410 Triple 3-INpUt NAND Gate . . ... .ottt ettt ettt ei e 4-23
DM7411 Triple 3-Input AND Gate .......onuurtiit it ettt ena e naaaiieeeeann 4-25
DM7414 Hex Schmitt Trigger Inverter. . ...ttt i i i e e e eiieenenneeans 4-27
DM7416 Hex Inverting Buffer/Driver with High-Voltage Open-CollectorOutputs ................... 4-30
DM7417 Hex Buffer/Driver with High-Voltage Open-Collector Qutputs .............coooiiviiinnn, 4-32
DM7420 Dual 4-INpUt NAND Gate . . ... vvveiitt e ete it eeeeainneeerannneeasonnenneanns 4-34
DM7425 Dual 4-Input NOR Gate with Strobe ........ ... . i it e 4-36
DM7426 Quad 2-Input NAND Buffer with High-Voltage Open-Collector Outputs ................... 4-38
DM7427 Triple 3-Input NOR Gate . ........ ottt i e e ittt eainnenees 4-40
DM7430 8-Input NAND Gate ..ottt ittt iiet it atneetannneanenns 4-42
DM7432 Quad 2-INpUt OR Gate . .. oottt ittt ittt ittt i it i i eaanaeeannns 4-44
DM7437 Quad 2-Input NAND BUFfer . ....oiiii ittt e it iie e stneeraennnnannns 4-46
DM7438 Quad 2-Input NAND Buffer with Open-CollectorOutput ........... ...t 4-48
DM7439 Quad 2-Input NAND Buffer with Open-Collector Output ...........oovviiiiiiiinieennn. 4-50
DM7440 Dual 4-Input NAND BUffer . .. ..covir it i inineseennnnannns 4-52
DM7442A BCD to Decimal DECOAEBT . . ... v vttt i iieiet et ssartsanteenesannssannasans 4-55
DM7445 BCD to Decimal Decoder/DriVer .. ..vvuut ettt et tnnerssneronsonnesonnnsones 4-58
DM7446A BCD to 7-Segment Decoder/Driver with Open-Collector Outputs....................... 4-61
DM7447A BCD to 7-Segment Decoder/Driver with Open-Collector Outputs...............oovvenn. 4-61
DM7450 Expandable Dual 2-Wide 2-Input AND-OR-INVERT Gate .........oovviiininiinennnnnnn. 4-66
DM7451 Dual 2-Wide 2-Input AND-OR-INVERT Gate .........coiiriiiiiiiiiiiiininiirnnneenss 4-69
DM7473 Dual Positive-Edge-Triggered Master-Slave J-K Flip-Flop with Clear and Complementary

L@ T o111 4-72
DM7474 Dual Positive-Edge-Triggered D Flip-Flop with Preset, Clear and Complementary

Outputs............... e e e e e et e e 4-75
DM7475 4-BitBistable Latch ..........ciiiiiiiiiiiiii it i ittt 4-78
DM7476 Dual J-K Flip-Flop with PresetandClear ............covvvveiiinvnennnn. e, 4-81
DM?7485 4-Bit Magnitude Comparator. . ....o.vvveetirit i ennnerereererernnseneronnnnesss 4-87
DM7486 Quad 2-Input EXCLUSIVE-OR Gate . ... ovvvvtvteitintintentrntenernenneensnnenans 4-91
DM7490A DeCade COoUMET . . ... vt ittt ittt eeieeeesraeennneaseseesonnnessennnnsseeannns 4-94
DM7493A 4-Bit Binary COUNTET . ... .otit ittt ittt rieriaeraneenanaeas 4-94
DM7495 4-Bit Parallel Access Shift Register. ...ttt 4-101
DM7497 Synchronous Modulo 64 Bit Rate Multiplier . ...ttt 4-104
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DM74121 Monostable Multivibrator (One-Shot) with Schmitt Trigger Input, Clear, and

Complementary OQULPULS . . . .« oottt ettt et ettt ettt et et e iees 4-116
DM74122 Retriggerable Resettable Multivibrator (One-Shot) withClear ..................... ..., 4-120
DM74123 Dual Retriggerable Monostable Multivibrator (One-Shot) with Clear and

Complementary OULPULS . .. ..ottt ettt ettt et iaees 4-124
DM74125 Quad TRI-STATE Buffer ... ..o e e i 4-128
DM74132 Quad 2-Input NAND Gate with Schmitt TriggerInputs. .. ........ooviiiiiiii i, 4-131
DM74145 BCD to Decimal Decoder/DrVEr . .. ...ttt nanie e 4-134
DM74150 1-of-16 Line Data Selector/Multiplexer ......... .. i i, 4-141
DM74151A 1-0f-8 Line Data Selector/Multiplexer with Complementary Outputs .................. 4-141
DM74153 Dual 1-of-4 Line Data Selector/Multiplexer . ........ ..ot 4-147
DM74154 4-to-16 Line Decoder/Demultiplexer ...........oiiiriiiiiiiii i 4-150
DM74155 Dual 2-to-4 Line Decoder/1-to-4 Line Demultiplexer ..................ooviiiiiiinae, 4-153
DM74157 Quad 2-to-1 Line Data Selector/Multiplexer . ..., 4-156
DM74161A Synchronous 4-Bit Binary Counter with AsynchronousClear ........................ 4-159
DM74163A Synchronous 4-Bit Binary Counter with SynchronousClear...............cooovvnn... 4-159
DM74164 8-Bit Serial In/Parallel Out Shift Register with AsynchronousClear .................... 4-167
DM74165 8-Bit Parallel-to-Serial Converter. ... ...t e 4-170
DM74170 4-by-4 Register File with Open-Collector Outputs ..., 4177
DM74173 4-Bit TRI-STATE D RegiStor . . ..\t vttt t ittt aienaaes 4-181
DM74174 Hex D Flip-Flopwith Clear ...t e 4-185
DM74175 Quad D Flip-Flop with Clear and Complementary Qutputs ...............coviiio ... 4-185
DM74180 9-Bit Parity Generator/Checker. . ... i e e e 4-190
DM74184 BCD-10-Binary CONVEIET .. ...ttt ittt et e s 4-201
DM74185A Binary-10-BOD CONVEIET . . . ..ottt ettt et ettt et eeeieeneens 4-201
DM74191 Synchronous Up/Down 4-Bit Binary Counter with Mode Control....................... 4-209
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Guide to Bipolar Logic
Device Families

Since the introduction of the first saturating logic bipolar in-
tegrated circuit family (DM54/DM74), there have been many
developments in the prccess and manufacturing technolo-
gies as well as circuit design techniques which have pro-
duced new generations (families) of bipolar logic devices.
Each generation had advantages and disadvantages over
the previous generations. Today National provides seven
bipolar logic families.

TTL (DM54/DM74)
Low Power TTL (54L)
Low Power Schottky (DM54LS/DM74LS)
Advanced Low Power Schottky (DM54ALS/DM74ALS)
Schottky (DM54S/DM74S)
Advanced Schottky (DM54AS/DM74AS)
FAST (54F/74F)

TTL LOGIC (DM54/DM74) and (54xx)

TTL logic was the first saturating logic integrated circuit fam-
ily introduced, thus setting the standard for all the future
families. It offers a combination of speed, power consump-
tion, output source and sink capabilities suitable for most
applications. This family offers the greatest variety of logic
functions. The basic gate (see Figure 1) features a multiple-
emitter input configuration for fast switching speeds, active
pull-up output to provide a low driving source impedance
which also improves noise margin and device speed. Typi-
cal device power dissipation is 10 mW per gate and the
typical propagation delay is 10 ns when driving a 15
pF/400Q load.

LOW POWER TTL (DM54L)

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/, of the TTL
family. Because of this reduction of power, the device speed
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FIGURE 1. DM5400/DM7400

is sacrificed. The propagation delays are increased three-
fold. 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.

LOW POWER SCHOTTKY (DM54LS/DM74LS and 54LS)

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 re-
duces switching times at the expense of current gain. The
LS process overcomes this limitation by using a surface bar-
rier 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 interrupted. Using shallower diffu-
sion and soft-saturating Schottky diode clamped transistors,
higher current gains and faster turn-on times are obtained.
The National LS circuits and a majority of the former Fair-
child LS circuits do not use the multi-emitter inputs. They
use diode-transistor inputs which are faster and give in-
creased input breakdown voltage; the input threshold is
~0.1V lower than TTL. A few"of the former Fairchild LS
circuits use the traditional emitter inputs and thus have input
breakdown ratings of 5.5V. These circuits are the open-col-
lector gate types 'LS03, 'LS05, 'LS22 and 'LS136; flip-flop
types 'LS74, 'LS109, 'LS112 and 'LS113; and the clock in-
puts of the 'LS490. Another commonly used input is the
vertical substrate PNP transistor. In addition to fast switch-
ing, it exhibits very high impedance at both the high and low
input states, and the transistor’s current gain (8) significant-
ly reduces input loading and provides better output perform-
ance. The output structure is also modified with a Darlington
transistor pair to increase speed and improve drive capabili-
ty. An active pull-down transistor (Q3) is incorporated to
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yield a symmetrical transfer characteristic (squaring net-
work). This family achieves circuit performance exceeding
the standard TTL family at fractions of its power consump-
tion. The typical device power dissipation is 2 mW per gate
and typical propagation delay is 10 ns while driving a 15 pF/
2 k9 load.

SCHOTTKY (DM54S/DM74S)

This family features the high switching speed of unsaturated
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 inter-
nal circuitry resemble the standard TTL gate except the re-
sistor 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 156 pF/280Q load.

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 re-
fined process, coupled with improved circuit design tech-
niques, yields smaller component geometries, shallower dif-
fusions, and lower junction capacitances. This enables the
devices to have increased ft in excess of 5 GHz and im-
proved switching speeds by a factor of two, while offering
much lower operating currents.
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In addition to the pin-to-pin compatibility of the ALS family, a
large 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 advantages of
reduced component count, reduced circuit board real-es-
tate, increased functional capabilities per device and im-
proved speed-power perfomance.

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 shallower
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 stat-
ic 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 typical power dissipation of 1 mW per
gate and typical propagation delay time of 4 ns into a
50 pF/2 kQ load.

ADVANCED SCHOTTKY (DM54AS/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 shallow-
er diffusions and advanced oxide-isolation fabrication tech-
niques, the AS family achieves the fastest propagation de-
lay 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 protec-
tion base-emitter shorted transistors. The output totem-pole
consists of a Darlington pair transistor pull-up and an active
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pull-down squaring network. The inputs and outputs are
Schottky clamped to attenuate critical transmission line re-
flections. 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
repetition rates. The AS family yields typical power dissipa-
tion of 7 mW per gate and propagation delay time of 1.5 ns
when driving a 50 pF/2 kQ load.

FAST® TECHNOLOGY

FAST (Fairchild Advanced Schottky TTL) circuits are made
with the advanced isoplanar Il process, which produces
transistors with very high, well-controlled switching speeds,
extremely small parasitic capacitances and ft in excess of
5 GHz. Isoplanar is an established National process, used
for years in the manufacture of bipolar memories. CMOS,
subnanosecond ECL and I3L™ (Isoplanar Integrated Injec-
tion Logic) LSI devices.

In the isoplanar process, components are isolated by a se-
lectively grown thick oxide rather than the p+ isolation re-
gion used in the planar process. Since this oxide needs no
separation from the base-collector regions, component and
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chip sizes are substantially reduced. The base and emitter
ends terminate in the oxide wall; masks can thus overlap
the device area into the isolation oxide. This overlap feature
eliminates the extremely close tolerances normally required
for base and emitter masking, and the standard photolitho-
graphic processes can be used.

SELECTING A FAMILY

Two factors shoud 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 follow-
ing tables rate each family.

Speed Power Consumption
Fastest Low L
AS/F
ALS
ALS LS
\ LS 1 :S
TTL L
Slowest L High S
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National
Semiconductor

Consolidation of National Semiconductor
and Fairchild Semiconductor

The combination of National Semiconductor and Fairchild
Semiconductor provides the largest selection of Bipolar
Logic Devices available anywhere. Recognizing that two of
the major product lines overlap—Low Power Schottky and
Standard TTL—both the Mil/Aero and Commercial products
were consolidated so as to have the least impact on their
customers.

Military/Aerospace Products

All of the Mil/Aero MIL-STD-883 devices were maintained
for both National and Fairchild. In other words, the same
mask set, fab processes and electrical tests and specifica-
tions were continued for all devices previously made by
Fairchild Semiconductor as well as National Semiconductor,
whether there was duplication of a device or not. For exam-

DM 54LS 00 J /883

ple, the QUAD 2-INPUT NAND Gates, DM54LS00 and
541800 are both available. The former’s performance is de-
scribed by RET’s (Reliability Electrical Test specifications);
and the latter’s by a Table I. This is done to prevent consid-
erable inconvenience to our customers who would have had
to modify their Source Control Drawings were a change
made to the device or its name.

While the datasheets in this databook do not describe the
full performance of the Mil/Aero devices, the Table | and/or
the RET’s do, and may be obtained through your local Field
Sales Offices or Representatives.

In terms of nomenclature, National Semiconductor uses the
prefix “DM” to represent all National-origin Mil/Aero devic-
es. The Fairchild-origin Mil/Aero devices uses no “DM” pre-
fix. Ordering information is included as well.

MIL-STD-883/C

Package Outline

J = Ceramic Dual-In-Line Package

W = Ceramic Flat Package

E = Ceramic Leadless Chip Carrier Package

Device Number

Military Device Family

Digital Monolithic

MIL-STD-883/C

Military

Package Outline

D = Ceramic Dual-In-Line Package

F = Ceramic Flat Package

L = Ceramic Leadless Chip Carrier Package

Device Number

Military Device Family

10}ONPUODIWAS PIy.ieq Pue JOJONPUOIIWSS [BUOIIEN JO UOKEPIOSU0D




Consolidation of National Semiconductor and Fairchild Semiconductor

Commercial Products

The majority of products in the Low Power Schottky,
Schottky and TTL logic families produced by National and
Fairchild are nearly identical in performance and considera-
bly overlap in portfolio size. All of the sole source functions
were retained after the consolidation to minimize the impact

DM 74L8 241 N

to our customers. Fairchild devices that remain in the logic
family portfolios are now designated by the National nomen-
clature. Where a Fairchild device was named 74LS373PC, it
will now be referenced to as a DM74LS373N. Please refer
to the ordering format below.

A+

L Commercial Burn-In

Package Option
N = Plastic

M = SOIC

J = Ceramic

Device Number

Commercial/Device Family

Digital Monolithic

4




IC Device Testing

Understanding the intent and practice of IC device testing is
vital to insuring both the quality and proper usage of inte-
grated 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 guar-
anteed for “worst-case testing.” Input loading currents (fan-
in) are tested at the input and Vg levels that most increase
that loading, while the output drive capability (fan-out) is
tested at the input and Vgg levels that most decrease that
capability. Icc is tested with the input conditions and Vg
level that yield the greatest Igc value, and VoLamp 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 I, lon, iL and I values. To guarantee these fan-in
and fan-out limits at 10, the I must be at least 10 times
the I)L and the lgy must be at least 10 times the |j4. 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 lp_ is at least 10 times the |j and that the
loH is greater than 10 times the Ij4. Also notice that these
are “standard” drive and load currents for single sink out-
puts and inputs. Certain devices may have muitiple load in-
puts where the input line goes to several input structures
and has, say, 2 or 3 times the normal I;_ and ||y loading.

Certain other devices will have “triple sink” outputs that can
drive 3 times the standard lg; and Igy currents. These de-
vices 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 pA, thus allowing an increased DC fan-in of 20. One
must therefore be careful when interfacing 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 im-
portant 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 “Conditions”
and define the external operating constraints placed upon
the device tested. The actual test limit defines how well the
device responds to these constraints. For example, take the
parameter Voumin) for the DM74LS00. It is tested at
Veemin) = 4.75V commercial, using an loy = —400 pA. If
we required an Ipy = —800 pA, this would be a “tighter”
test, as the output voltage drops with increased IpH. Hence,
a device that would pass the —800 pA Igy would also pass
the —400 pA loH, but not necessarily the other way around.
Futhermore, Vo tracks with Vg, which is why Vegmin) is
the worst-case testing, and not Vccmax)- Finally, forcing in-
puts to threshold represents the most difficult testing be-
cause this puts those inputs as close as possible to the
actual switching point and guarantees that the device will
meet the V|/V|_ spec.

Bunsa] a1naq Ol

TABLE |. Fan-In/Fan-Out

Device Family Input Loading Output Drive
TTL L= —1.6mA loL = 16 mA

iy = 40 pA loq = — 400 pA
Low Power liL = —400 pA loL = 4 mA (Mil)
Schottky loL = 8 mA (Com)

iy = 20 pA loq = —400 pA
Schottky L= —-2mA loL = 20 mA

iy = 50 pA lon=—1mA
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IC Device Testing

Tables Il and lll 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
los (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 nega-
tive current leaving the device, and a positive current enter-
ing the device. Table Il shows the direction of tighter forcing
functions, while Table Il shows the direction of tighter limits.

TABLE ll. Looser/Tighter Forcing Functions Exampie: DM74LS00

Condition Test Looser Nominal Tighter Units
ik ViK -17 —-18 -19 mA
loH VoH —350 —400 —450 pA
loL VoL 3 4 5 mA
V| I 6.5 7 7.5 v
ViH IH 2.6 2.7 2.8 \
ViL TR 0.5 0.4 0.3 Vv
Vo los 0.1 0.0 -0.1 Vv
Vce lcc 5.0 5.5 6.0 \
TABLE lll. Looser/Tighter Test Limits Example: DM74L.S00
Parameter Looser Nominal Tighter Units
ViH(min) 21 20 1.9 \
ViL(max) 0.7 0.8 0.9 \"
ViK(max) -1.6 —1.5 —-1.4 \"
VoH(min) 2.6 2.7 2.8 \
Voi(max) 0.6 0.5 0.4 v
li(min) 6.5 7.0 75 \
lH(max) 50 40 30 rA
liL(max) —450 —400 —390 pA
los(max) -110 —-100 —-90 mA
los(min) -10 —-20 —-30 mA
IcCH(max) 1.7 1.6 1.5 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, equivalent
circuit schematic and resultant voltage/current plot are
shown.

The indicated graphs are typical of LS products and are
similiar to other bipolar logic families. The schematics
shown are for single inversion devices and represent gener-
alized circuits.

OUTPUT VOLTAGE LOW LEVEL (Vo)

Both inputs are connected to logic “1” values (assuming an
inverting gate) and forced at the Vi specs. Vcc minimum is
used, and g is forced on the output. The resulting Vo is

VoL vs loL
2 Typical LS Device Curve

16 loL VoL
Mit: 4.0mA 0.40V
Com: 8.0 mA 0.50V

12

0/
Vi

0 02 04 06 08 1.0 1.2 14

lot (mA)

VoL (V)
TL/F/6731-1
Veo=MIN
Vin mnn{
lou
- TL/F/6731-3
Ve =MIN
fou
——
ViN
HIGH

TL/F/6731-5

measured. For typical LS products, the military and com-
mercial test points are indicated on the Vg vs IgL graph. In
each case, the device must not exceed the Vo spec when
the lgy current is being forced.

OUTPUT VOLTAGE HIGH LEVEL (VgR)

One input is tied high (any value above 2.0V) and the other
input is forced at the V| _ threshold (assuming a single inver-
sion gate). The minimum Vg value is used. Each input is
tested independently and the oy current is forced. The re-
sulting Von is measured. The Vou vs loy graph shows the
military and commercial Von/lo test points for standard
LS products.

Voh vs loH
0 Typical LS Device Curve
lon Vox
—100 Mil:  —400pA 25V
Com: —400pA 2.7V
z-m
=
S_a00
—400
—500
24 2.6 2.8 3.0 32 3.4 36 38
Von (V)
TL/F/6731-2
Voo =MIN
A
VIN
LOW
- TL/F/6731-4
Voe =MIN

VvV
AA

—mAAA

TL/F/6731-6
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IC Device Testing

INPUT CURRENT HIGH LEVEL (Ij4)

liH tests the input leakage in the high state. For MET, diode,
and PNP input, the test set-up consists of all inputs except
the one under test tied high (greater than V|y). The remain-
ing input has the V4 value forced upon it, and the resultant
liH is measured. This test checks for emitter-to-collector in-
verse 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 Iy
testing that checks for emitter-to-emitter transistor action.
This is done with all the other inputs tied to ground.

MAXIMUM INPUT CURRENT (I;)

I} or BV testing is the same as the emitter-to-collector
leakage test (Ij4) and guarantees that the input will not pass
more than the specified current at the stated specification
(100 nA at 7V for LS).

IiN vs VN (High State)
" Typlcal LS Device Curve

15 [T} ViH
20 pA 27V

10

I (mA)

§

U
-5
12 1.4 16 1.8 20 22 24 2.6 28
in (V)

TL/F/6731-7

Ve =MAX

Vin

TL/F/6731-9

Voo =MAX

Vin

TL/F/6731-11

INPUT CURRENT LOW LEVEL (I).)

One input at a time is tested with the other inputs tied to a
solid “1” value. V¢ is set to the maximum value and the
Vi value is forced. |_ is then measured.

_ Nec—(ViL + Vee)l

IR AT Standard Inputs -
— Vi +

i = Yoo = (i + Vsrll (‘g'; Vsl e Inputs
e ,

= Voo = (i + Vee)l R‘:’")—( . VeIl pnp inputs

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

Iin vs Vin (Low State)
o Typical LS Device Curve
- o Vi
1 J | —400pA 040V
——200
%
- /
=_300
-400
-500
0 02 04 06 08 10 1.2 1.4
viL(v)
TL/F/6731-8
VOC =MAX
OPEN
OR
LOGIC 1
\/
N TL/F/6731-10
mM OPEN
Ve =MAX OR
LOGIC 1
W
Vin

TL/F/6731-12




OUTPUT SHORT CIRCUIT CURRENT (lgs)

los is measured with Vog(max) and the OV forced on the
output while it is in the high state. The resultant current is
measured. The purpose of this is to check the lgg resistor
that forms the Darlington’s collector pull-up. This parameter
is important as it reflects both the maximum current the de-
vice 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 vslos
0 Typical LS Device Curve
_20 e Min  Max
/f los —20 —100
g-4 //

2 _w
—80
~100

0 05 10 15 20 25 3.0 35

Vo (V)
TL/F/6731-13
Voo =MAX
L0GIC “0” Vour =0V
TL/F/6731~15
Voo =MAX

TL/F/6731-17

SUPPLY CURRENT HIGH LEVEL (IccH) AND SUPPLY
CURRENT LOW LEVEL (IccL)

Both Igch and Iy are tested using the Vg maximum val-
ue. 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.

lccLvs Vee
25 Typlcal LS Device Curve
2.0 lec Voits
1.6 mA 5.25V
=15
g
F y.
1.0 e
0.5
0.0 y.
001 2 3 4 5 6 1
Vee (V)
TL/F/6731-14
Vee =MAX
LOGIC 1"
AND OPEN
Loaic “0
= TL/F/6731-18
Voo =MAX

<
b3
leer/ §
f F lech

TL/F/6731-18
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IC Device Testing

INPUT CLAMP VOLTAGE (V|c OR V)

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

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

TRI-STATE® Ignk and Isource are measured with the out-
put control input tied to the appropriate threshold value
(usually V. = 0.8V) and with Vccmax)- This is to insure that

Vcramp vs lcLamp
0 Typical LS Device Curve

S AT
(’

lcLamp  VeLawe
—18mA  —15V

IcLamp (mA)

12

16

20
-16 -12 -08 -04 0

Veuwe (V)

TL/F/6731-19

TL/F/6731-21

TL/F/6731-22

OUTPUT CONTROL —Dc ® ]

the output will have the greatest drive capability and the
TRI-STATE control can effectively “turn off”’ the output un-
der these conditions. .

TRI-STATE Ig|nk: Output is set in the high state and then
TRI-STATE mode. Vozi = 0.4V is then applied. The cur-
rent drawn out of the device is then measured.
TRI-STATE Isourck: Output is set in the low state and then
TRI-STATE mode. Vozyq = 2.7V is then applied. The cur-
rent drawn into the device is then measured.

lozH vs Vozu
(TRI-STATE IsouRcE)s

lozL vs Vozu
(TRI-STATE lIgink)

Typical LS Device Curve

20 loz Voz
lozL —20 pA 0.4V
_n lozi 20pA 27V
lozn
£,
B lozL

0 05 10 1.5 20 25 3.0 35

Voz (V)
TL/F/6731-20
Vee =MAX
s
>
<
! 1
<
$ $ (
1» <
S

INPUT
Isounce (lozn)

Vour

AAA

Ising Ulgze)

TL/F/6731-23




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 Icgx leakage current is measured.

Icex vs Vour
(Open-Collector Device)
250 Typlcal LS Device Curve

200 Icex  Vour
250 pA 5.5V

Vour (V)
TL/F/6731-24

Vee =MAX

Vin LOW {?)— Vour =MAX

Vee MAX
|

TL/F/6731-25

Vour =MAX
Vin LOW {

TL/F/6731-26

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-1 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, tsET-UP, tHOLD, 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 guar-
anteed to exceed. Depending upon the parameter, the de-
vice 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 guaran-
teed to. Furthermore, device operation beyond the limit is
not considered a failure. For instance, take the fyyax param-
eter 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 25 MHz, although this is not guaranteed. Now,
take the example of tgeT.yp With @ 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 specifications are listed in the mini-
mum 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 tpi ) 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.
Each propagation delay is specified from one input to one
output only.

Input set-up and hold times (including treLgasg) specify
how long one input must be stable at a particular logic level
prior to an action occurring at another input. For example,
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 data as 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 to recog-
nize that logic “1”. Both the set-up and hold times must
always be met or the device will not necessarily bring in the
proper data. Set-up times are generally positive, while hold
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IC Device Testing

times may be either positive or negative, 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 input. Removing the data sooner than
the minimum time may cause improper action on the part of
the device. :

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. treeaske is defined as the
time it takes for the CLEAR input to “release” the device for
clocking action, and is specified as a minimum. This repre-
sents the maximum delay required 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 256 MHz. For the
DM54/74LS74 with an fpax 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
fmax 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 dealys (those AC
parameters that have the symbols tp| 4 or tp) have simple
min/max limits. The device is guaranteed to operate within
the bounds of the min/max limits, and any operation outside
these limits denotes a device failure. tseT.up, tHoLD, fMAX,
and treLeAsE parameters have limits that denote guaran-
teed operation boundaries (i.e., the device is guaranteed to
operate up to the boundary) but no guarantee is made con-
cerning 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
fmax(min) . 24 25 26 MHz
tPLH(max) CLR, PRE, CLK 26 25 24 ns
tPHL(max) CLR, PRE, CLK 31 30 29 ns
tw(min) CLOCK HIGH 21 20 19 ns
tw(min) PRE, CLR LOW 26 25 24 ns
SET-UP(min) DATA HIGH 21 20 19 ns
SET-UP(min) DATA LOW 21 20 19 ns
tHOLD(min) All DATA 1 0 -1 ns
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Functional Index 2
Arithmetic Operators
Technology
STD No. No.
Function/Description Type L L S LS of Bits of Pins
54 74 54 74 54 74 54 74
Adder/Binary 4-Bit with Fast '83 X X X 4 16
Carry 283 | X | X X | x | x| x 4 16
ALU with Carry Look Ahead 181 X X X X X 4 24
'381 X 4 20
93S41 X 4 24
Binary to BCD Converter 185 X 6 16
BCD to Binary Converter 184 X 6 16
Lookahead Carry Generator 182 X X 16
Multiplier/ Twos Complement 935843 X 4X2 24
9-Bit Parity Generator/Checker ’180 X X 9 14
’280 X X 9 14
93562 X 9 14
12-Bit Parity Generator/Checker 9348 X 12 16
Comparator 4-Bit Magnitude '85 X X X X 4 16
with Expander
5-Bit Magnitude 9324 X X X 5 16
Hi-Speed 6-Bit 93S46 X 6 16
Identity with
Expander
Hi-Speed 6-Bit 93847 X 6 16
Identity with
oc*
6-Bit Unified 7136 X 6 16
Bus with OC*
6-Bit Magnitude 7160 X 6 16
with OC*
10-Bit 7130 X 10 24
Magpnitude with
oc*
6-Bit Binary Rate Multiplier '97 X X 64 16
*OC : Open Collector




Functional Index

Counters
Technology
STD Clock No.
Function/Description Type m L S Up/Down Edge | of Pins
54 | 74 | 54 | 74 | 54 | 74 | 54 | 74

4-Bit Binary Counter '93 X X X X ~ 14

'293 X ~ 14
Synchronous Modulo 64-Bit '97 X X e 16
Rate Multiplier
Asynchronous Decade Counter '90 X X X X ~ 14
Synchronous 4-Bit Binary 161 X X X X X X e 16
Counter with Asynchronous
Clear
Synchronous Presettable BCD ’160 X X X e 16
Decade Counter
Synchronous 4-Bit Binary 163 X X X X X X e 16
Counter with Synchronous Clear
Synchronous Presettable BCD 162 X X e 16
Decade Counter
Synchronous Bidirectional BCD '168 X X e 16
Decade Counter
Synchronous 4-Bit Up/Down 169 X X X e 16
Binary Counter
Synchronous Up/Down Decade 190 X X X e 16
Counter with Mode Control
Synchronous 4-Bit Up/Down ’191 X X X X X e 16
Binary Counter with Mode
Control
Synchronous 4-Bit Up/Down 193 X X X X e 16
Binary Counter with Dual Clock
Asynchronous Presettable ’196 X ~ 14
Decade Counter
Asynchronous Presettable 197 X X ~— 14
Binary Counter
BCD Decade Counter/4-Bit 9310 X e 16
Binary Counter 9316 X X e 16
TRI-STATE® Programmable 7556 X e 16
4-Bit Binary Counter
Decade Counter with Separate 192 X X X e 16
Up/Down Clocks
Decade Counter '290 X ~ 14
Dual Decade (Bi-Quinary) 390 X ~ 16
Counter
Dual 4-Bit Binary Counter '393 X ~ 14
Dual Decade Counter '490 X X ~ 16
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Decoders/Demultiplexers 5
Technology . Acti §‘
Function/Description | Type ﬂt L S LS A(l:l:;stss Alf:\‘rlle If;:‘r’le o le::;]s %
Enable | Outputs g_
54 | 74 | 54 | 74 | 54 | 74 | 54 | 74 g
Dual 1 of 4 9321 X X X 2+2 1+1 4+4 16
139 X X X X 2+1 1+1 4+4 16
155 X X X X 2 2+1 4+4 16
156 X X 2 2+1 4+4 16
10f8 9301 X X X 3 1 8 16
'45 X X 3 1 8 16
42 X X X X 3 1 8 16
138 X X X X 3 2 8 16
145 X X 3 1 8 . 16
10f 10 9301 X X X 4 (BCD) 10 16
'45 X X 4 (BCD) 10 16
42 X X X X 4 (BCD) 10 16
145 X X 4 (BCD) 10 16
10f16 9311 X X 4 2 16 24
154 X X X X 4 16 24
8 to 3-Line Priority 9318 X X 8 16
Encoder 1148 X 8 16
Display Decoders/Drivers
Technology
Function/Description | Type ?_-III.E L S LS :::_';:, Bﬁ\iz:il:g o fN;;.s
54 74 | 54 | 74 | 54 | 74 | 54 | 74
1 of 10 Driver (OC*) '45 X X L 16
145 X X L 16
BCD to 7-Seg '46 X L X 16
Decoder/Driver (OC*) 47 X X X X L X 16
'49 X H X 14
‘247 X X L X 16
'249 X X H X 16
347 X X L X 16
'447 X X L X 16
BCD to 7-Seg 48 X X H X 16
Decoder/Driver 048 X X H X 16
9370 X L X 16
9374 X L X 16
9368 X H X 16
*OC : Open Collector




Functional Index

Flip Flops—Single & Dual

Technology
Function/Description | Type f_}:ﬁ L ) LS Inputs 2‘::: Dg:tc t Iz:: :rt o fNPc;;s
54 (74 | 54 | 74 [ 54 | 74 | 54 | 74
Dual JK 73 X | X | X X | X J, K ~ X 14
'76 X { X J, K ~ X X 16
107 | X X | X J, K ~ X 14
109 | X X | X| 4K e X X 16
112 X X | X J, K ~ X X 16
113 X X | X J, K ~ X* 14
114 X J,K ~ X X 14
72 X J, K ~ X X 14
Dual D ‘74 X | X | X X | X | X |X D e X X 14
*Does not apply to LS.
Flip Flops—Multiple
Technology
Function/Description | Type ﬂf_’ L S LS Ia?:::s :‘ l:::; Br;f:;‘:’ e T':;;st.;::E ofNI:;us
54 |74 |54 |74|54|74 (54|74
4-Bit D Flip Flop 175 | X | X X[ X|{X|X 4XD e 16
6-Bit D Flip Flop 174 | X | X X[ X|X|X 6XD e X 16
8-Bit D Flip Flop 374 X|X|X|X 8xD e X 20
377 X | X 8xD e 20
'534 X 8XxD e X 20
'574 X 8XD e X X 20
'564 X 8XD e X 20
'373 X|X|X|X 8XxD e X 20
8-Bit Multiple Port 9338 | X | X | X 1XD L 16
Register
Quad 2-Port Register '298 | X X[ X [2x4XD| ™\ 16
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Py
Gates 35
ey
Technology °
STD No. 3
Function/Description Type L L S LS of Pins E
54 74 54 74 54 74 54 74 %
NAND Quad 2-Input NAND '00 X X X X X X X 14 x
Quad 2-Input NAND '01 X X 14
with OC* '03 x | x x | x | x 14
Triple 3-input NAND 10 X X X X X X X 14
Triple 3-Input NAND 12 X X 14
with OC*
Dual 4-Input Schmitt 13 X X 14
Trigger
Dual 4-Input NAND '20 X X X X X X 14
Dual 4-Input NAND 22 X X 14
with OC*
8-Input NAND Gate '30 X X X X X X 14
Quad 2-Input Schmitt 132 X X X X X 14
Trigger NAND
13-Input NAND 133 X X X X 16
NOR Quad 2-Input NOR ‘02 X X X X X X X 14
Dual 4-Input NOR 25 X X 14
with Strobe
Triple 3-Input NOR 27 X X X 14
Dual 5-Input NOR '260 X X 14
AND Quad 2-Input AND '08 X X X X X X 14
Quad 2-Input AND '09 X X X X X 14
with OC*
Triple 3-Input AND 11 X X X X X 14
Triple 3-Input AND 15 X X 14
with OC*
Dual 4-Input AND 21 X X 14
Exclusive-OR Quad Ex-OR '86 X X X X X X 14
Quad 2-Input Ex-OR '136 X X 14
with OC*
OR Quad 2-Input OR/ '32 X X X X X X 14
Exclusive-NOR 4-Bit Quad Ex-NOR 9386 X 14
with OC*
Quad 2-Input Ex- ’266 X X 14
NOR with OC*
AND Expandable Dual 50 X 14
2-Wide 2-Input
OR Dual 2-Wide 2-input '51 x | x x | x | x 14
Gates - ;
Invert 4-Wide 2-Input 54 X X 14
2-Wide 4-Input '55 X X 14
4-Wide '64 X X 14
Inverters Hex Inverters '04 X X X X X X X 14
Hex Inverter with OC* '05 X X X X X 14
Hex Schmitt Trigger 14 X X X X 14
Inverter
*OC : Open Collector
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Latches
Technology
Enable
STD Data TRI-STATE No.
Function Type TTL L s Ls Inputs Inputs Outputs of Pins
(Level)
54 | 74 | 54 | 74 | 54 | 74 | 54 | 74

4-Bit D Latch '75 X X X X 4XD 2(H) 16

'375 X X 4XD 2(H) 16
Dual 4-Bit D Latch | 9308 X X X 8xD 2%2 24

AND

4-Bit D Latch 9314 X X X 4XD 1(L) 16
8-Bit D Latch '373 X X X X 8xD* 1(H) X 20

'533 X 8xD 1(H) X 20

'563 X 8xD 1(H) X 20

'573 X 8XD 1(L) X 20
8-Bit Addressable | 9334 X X X 1XD 1(L) 16
Latch 259 X | X | 1xD 1L 16
Dual 4-Bit '256 X X 8XD 2(L) 16
Addressable
Latch
4-Bit RS Latch 279 | X X X | X | 4x(RS) 16

*“D” only for SKY.
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n
Line and Bus Drivers/Transcelvers/Receivers §
Technology g.
Function/Description Type ?;E L S LS ofNI::; s ;
54 74 54 74 54 74 54 74 g.
Quad 2 NAND Buffer '37 X X X X 14 3
Quad 2 NAND Buffer with OC* '26 X X X X 14
'38 X X X X 14
'39 X 14
'96101 X 14
Dual 4 NAND Buffer '40 X X X X X X 14
'140 X X 14
Quad 2 NOR Buffer '28 X X 14
Quad 2 NOR Buffer with OC* '33 X X 14
Quad TRI-STATE Buffer 125 X X X X 14
126 X X 14
Hex Buffer/Driver with High '07 X X 14
Voltage OC* 17 X X 14
Hex Inverting Buffer/Driver with '06 X X 14
High Voltage OC* 16 X X 14
Hex TRI-STATE Buffer/Bus ’365 X X X 16
Driver '367 X X X 16
Hex Inverting TRI-STATE ’368 X X X 16
Buffer/Bus Driver 366 X X 16
Octal Buffer/Line Driver with '540 X 20
TRI-STATE Outputs
Octal TRI-STATE Buffer/Bus '465 X 20
Driver 467 X 20
Octal TRI-STATE Inverting '466 X 20
Buffer/Bus Driver 468 X 20
Octal TRI-STATE Buffer/Line ‘241 X X X X 20
Driver/Line Receiver 044 X X X X 20
Octal TRI-STATE Inverting 240 X X X X 20
Buffer/Line Driver/Line Receiver 043 X 14
Octal TRI-STATE Bus '245 X X 20
Transceiver 645 X 20
*OC: Open Collector
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Monostables (One-Shots)

Technology
Function/Description | Type STD L S LS utt’: Resettable Ot,:ntl:ut No.
TTL (tw) ns of Pins
54 | 74 | 54 | 74 | 54 | 74 | 54 | 74 | Pos. | Neg.
Single Retriggerable 9601 X1 X 2 2 50 14
122 X | X 2 2 X 45 14
122 X 2 2 40 14
Single Non- ) 121 X | X 1 2 40 14
Retriggerable
Dual Retriggerable 9602 X | X | X 1 1 X 72 16
96S02 X 1 1 X 27 16
96LS02 X | X 1 1 X 35 16
123 X | X 1 1 X 45 16
123 X 1 1 X 40 16
Dual Non- 221 X 1 1 X 40 16
Retriggerable
Multiplexers
Technology
Function/Description | Type 3::‘_5 L S LS f:::tl: 0:::313 Comg::::::tary ofNI:;ts
54 | 74 | 54 (74 | 54 | 74 | 54 | 74 ‘
Quad 2-Input 9322 | X [ X | X 1 X 16
167 | X | X X|{ X | X]|X 1 X 16
1568 X | X | X|X 1 X 16
257 X[ X | X|[-X 1 TRI-STATE 16
'258 XX X]X 1 TRI-STATE 16
298 | X X | X | Clocked X 16
Dual 4-Input 153 | X | X X X1 X 2 X 16
'253 X | XX 2 TRI-STATE 16
’352 X | X 2 X 16
'353 X | X 2 TRI-STATE 16
9309 [ X | X [ X X X 16
8-Input 151 | X | X XX X]|X 1 X X 16
'251 XX X|X 1 TRI-STATE TRI-STATE 16
152 X 14
9312 | X | X | X 1 X X 16
Quad 2-Input 7123 | X 1 X 16
TRI-STATE
16-Input 150 | X | X 1 X 24
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::“
Registers 3
Technology g'
Parallel 3
STD No. of | Serial Clock No. o
Function/Description | Type T L S LS Bits Entry Entry Edge | of Pins | —
No. of Bits 3
54 |74 {54 |74 |54 | 74| 54| 74 2
Parallel In/Parallel Out 9300 | X X X X 4 J, K 45 v 16 >
Shift Right 95 | x| x | x x| x| 4 D 45 ~ | 14
195 X | X|X]|X 4 J,K 48 e 16
Parallel In/Parallel Out '295 X | X 4 D 48 ~ 14
Shift Right (TRI-STATE) 395 X | x 4 D 48 ~ 16
Parallel In/Parallel Out 194 | X X | X | X|X 4 DR, DL 4S8 e 16
Bidirectional
Quad D 173 X X X X 4 48 e 16
'379 X | X 4 4S8 e 16
Quad 2 Port Register 208 | X X1 X 4 2D (Mux) ™~ 16
Parallel D Register '378 X | X 6 6S e 16
Multiport Register 9338 | X | X 8 D e 16
322 X | X 8 2D 8S e 20
Serial/Parallel In,
Parallel, Serial Out, Shift
Right
Serial In/Parallel Out, 164 | X | X X | X 8 2D e 14
Shift Right
Parallei/Serial In, Serial 165 | X | X X | X 8 D 8A e 16
Out, Shift Right 166 | X x| s D 8S - 16
Successive Approx. ’502 X1 X 8 D e 16
Register 503 x| x| 8 D | 1
2503 | X 8 D e 16
Parallel In/Parallel Out '299 X | X 8 DR, DL 8S e 20
Bidirectional R
(TRI-STATE) 323 X | X 8 DR, DL 8S e 20
Serial In/Serial Out, 9328 | X | X | X 2X8 | 2x2D e 16
Shift Right Mux
Octal D Register 273 X | X 8 8S e 20
Register [ (OC*) 170 | X | X X | X 4X4 4A ~ 16
File (TRI-STATE) | '670 X | x| 4xa 4A ~ 16
8-Bit Shift Register '952 X e 18
(TRI-STATE) 962 X D 18
Data Selector/Storage '98 X 4 2 D (Mux) ~ 16
Register
*S = Synchronous, A = Asynchronous, OC : Open Collector
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Glossary of Terms

Glossary of Terms

DC Operating Conditions and Characteristics

GENERAL DEFINITIONS

I: Current is the flow of electric charge from one potential 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 milliampere, abbrevi-
ated mA, equal to 0.001A and the microampere, abbreviat-
ed pA, equal to 0.000001A. Negative current is defined as
current flowing out of a device terminal and positive current
is defined as current flowing into a device terminal.

V: Voltage, or the electromotive force which causes current
to flow through a conductor. One Ampere of current flowing
through one ohm of resistance develops a potential differ-
ence 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

1) 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.

iy 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 in-
put, the input leakage of a diode, PNP transistor, or C-B
short type of input, and to guarantee the fan-in specified for
the family.

lik Input Clamp Current: The current flowing out of an in-
put 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 occur 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.

liL 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 applied to the
input. This test is used to check the input pullup resistor on
an MET or a diode input and to guarantee the specified fan-
in of the family.

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

Ir— Current at Negative-Going Threshold Point: The
current flowing out of a transition-operated (Schmitt trigger)
input when a voltage equal to the negative going threshold
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 ap-
plied that, according to the product specification, 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, according to the

product specification, will cause the output switching ele-
ment to be in the off state.

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

lox High Level Output Current: The current flowing out of

an output with input conditions applied that, according to the

product specification, will establish a logic high level at the
output. This test guarantees the current sourcing (drive) ca-
pability of the output and the fan-out specified for the family.

loL 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 sinking 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, ac-
cording to the product specification, will establish a logic
high level at the output.

loz High-Impedance 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.

lozH (or Isink): The current flowing into 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 low level at the output.

lozL(or IsouRrcg): 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 condi-
tions applied to the other inputs that, according to the prod-
uct specification, will establish a logic high level at the out-
put.

SUPPLY CURRENT PARAMETERS

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

IccL Supply Current (outputs in the low state): The cur-
rent flowing into the Vgg terminal of a device with input
conditions applied that, according to the product specifica-
tion, will establish a logic low level at the output(s).
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DC Operating Conditions and Characteristics (continued)

Iccz Supply Current (outputs in the high-impedance
state): The current flowing into the V¢ 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

BV|y Input Breakdown Voltage: The maximum voitage
that the device is guaranteed to be able to withstand without
exceeding the maximum input current specification.

Vg Input Forward Voltage: The voltage applied to the input
of a device that causes the input structure to become for-
ward biased; usually equal to the maximum output low volt-
age specified for the family.

V) High Level Input Voltage: The minimum positive volt-
age 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 specifi-
cation checks the quality of the input diode whose purpose
is to damp out ringing. This is not intended to be an operat-
ing condition and if this voltage is allowed to persist for any
length of time, parasitic transistor action will occur between
adjacent geometry tanks and circuit performance will be de-
graded, in some cases to the point of failure.

V)L Low Level Input Voltage: The maximum positive volt-
age 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 input
of a device that causes the input structure to become re-
verse biased; usually equal to the minimum high level output
voltage specified for the family.

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

V1— Negative-Going Threshold Voltage: The voltage lev-
el at a transition-operated (Schmitt trigger) input that causes
operation of the logic element according to specification as
the input voltage falls from a level above the positive-going
threshold voltage, V1+.

OUTPUT VOLTAGE PARAMETERS

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

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 terminal with input conditions applied that, according to

the product specification, will cause the output switching el-
ement to be in the off state.

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

Vo(on) On-State Output Voltage: The voltage at an output

terminal with input conditions applied that, according to the

product specification, will cause the output switching ele-
ment to be in the on state.

NOTE: This characteristic is usually specified only for outputs without inter-

nal pull-up elements intended for driving devices other than logic
circuits.
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Glossary of Terms

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 tran-

sitions of logic levels at the output with input conditions es-

tablished that should cause changes of output logic level in

accordance with the specification. Unless otherwise speci-

fied, this test is performed with no restrictions on input rise

and fall times or duty cycle.

NOTE: A minimum value is specified that is the highest frequency at which
all devices are guaranteed to function correctly.

ty Hold Time: The interval during which a signal must be

maintained at a given data input after an active transition 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 volt-

age reference points on the leading and trailing edges of a

pulse waveform.

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

trec 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.

treL Release Time: The time interval between one control

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 smallest time interval at
which correct operation of the logic element is guaranteed.

ts Set-Up Time: The time interval during which a stable

signal must be maintained at a specified input terminal be-

fore 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 element is guaranteed.

tr Rise Time: The time interval between a specified low-

level voltage and a specified high-level voltage on a wave-

form that is changing from a defined low level to a defined

high level. Common defined levels are from 10% of the sig-

nal amplitude to 90% of the signal amplitude.

tr Fall Time: The time interval between a specified high-lev-
el 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

tpzy Output Enable Time to a High Logic Level: The
propagation delay time between the specified voltage refer-
ence points on the input and output waveforms with a TRI-
STATE output changing from a high impedance (off) state to
the defined high state.

tpzi Output Enable Time to a Low Logic Level: The prop-
agation 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.

tpHz Output Disable Time from a High Logic Level: The
propagation 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 .

tprz Output Disable Time from a Low Logic Level: The
propagation 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 trail-
ing edges of an output waveform.

NOTE: This is usually only sp

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

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

trLH, 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 defined levels are
from 10% of the signal amplitude to 90% of the signal am-
plitude, or from 0.6V to 2.6V.

tTHL, t¢ Transition Time, or 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 am-
plitude, or from 2.6V to 0.6V.

Note A: All AC Specifications are for one output switching at a time.

EXPLANATION OF DEVICE FUNCTIONS
Circuit Complexity

SSI: Small Scale Integration; the lowest level of complexity
in integrated circuits.

MSI: Medium Scale Integration; small subsystems integrat-
ed into a single microcircuit.

LSl Large Scale Integration; large subsystems or small sys-
tems integrated into a single microcircuit.

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 compari-
son. 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 divi-
sion, counting, and sequencing 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.

ified for ble el
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AC Operating Conditions and Characteristics (continued)

Data Selector/Multiplexer: A logic circuit that will select
one of several input signals and feed that signal onto a com-
mon bus line. It can be thought of as a multipole, multiposi-
tion switch with each switch pole representing one output
and each switch position representing one input.
Decoder/Demultiplexer: A logic circuit that is the comple-
ment of the Data Selector/Multiplexer; that is, this circuit
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 information. A
flip-flop is called “bistable” since it has two stable states.

Gate: The basic building block of all logic circuits; an ele-
ment whose output is a Boolean function of its inputs. The
basic functions are the AND, OR, and NOT. By combining
these functions, NAND, NOR, and Exclusive-OR and Exclu-
sive-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 active, the data,
present at the input, is passed directly 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 transient, it
flips to its unstable state for a time period determined 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 succeeding 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 require
any specific timing relationship between different control in-
puts.

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

Schmitt Trigger: An input configuration that has a different
threshold point depending on whether the input signal is
rising or falling. This is especially useful in electrically noisy
environments.

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

Totem Pole: An output configuration that contains an inter-
nal pullup structure, usually a transistor pullup allowing high-
er output drive capability than is available with open collec-
tor outputs.

TRI-STATE: A registered trademark for a circuit configura-
tion in which the device can be switched ‘off’ during which
time the output presents a very high impedance to the bus it
is connected to. This allows multiple outputs to be connect-
ed to a bus line while only one output drives the line, the
other outputs being switched into their high impedance
states.

EXPLANATION OF FUNCTION TABLES

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

H = high logic level (steady state)

= low logic level (steady state)

= transition from low to high logic level

transition from high to low logic level

= irrelevant (any level, including transitions)

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

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

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

Qo = complement of Qg or level of Q before the indi-
cated steady state input conditons were estab-
lished

Qn = level of Q before the most recent active transition
indicated by T or |

I = one high level pulse

LT = one low level pulse

toggle = each output changes to the complement of its
previous level on each active transition indicated
by Torl
If, in the input columns, a row contains only the symbols H,
L, and/or X, this means the indicated output is valid when-
ever the input configuration is achieved regardless of the
sequence in which it is achieved. The output persists so
long as the input configuration is maintained.
If, in the input columns, a row contains H, L, and/or X to-
gether with T and/or |, this means the output is valid
whenever the input configuration is achieved but the tran-
sition(s) must occur following the achievement of the steady
state levels. If the output is shown as a level (H, L, Qg, or
Qp), it persists so long as the steady state input levels and
the levels that terminate indicated transitions are main-
tained. Unless otherwise indicated, input transitions in the
opposite direction to those shown have no effect on the
output. If the output is shown as a pulse, I L or LT, 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 sym-
bols used in any of the function tables, plus more. As an
example, Figure 1 is the function table for a 4-bit bidirection-
al universal shift register, similar to the DM54L.S194.

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

I

Il

L
T
{

X

z

a.
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Glossary of Terms

AC Operating Conditions and Characteristics (continued)

The second line indicates that so long as the CLOCK input
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 implicity 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.

The third line of the table represents ““synchronous” parallel
loading of the register and indicates that if S1 and SO are
both high, then regardless of the levels at the SERIAL in-
puts, 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’ load-
ing 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 respec-

tively, 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 SO is high and as shown, the levels at the PARALLEL
inputs, A through D, have no effect.

The sixth and seventh lines represent the *“synchronous”
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 QB 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 second line,
the outputs maintain the levels they assumed before the
steady state combination of CLEAR high and both MODE
inputs low was established.

Mode Inputs Outputs
Clear Serial Parallel
Clock

S1 SO Left Right A D Qa Qp 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 Qao Qgo Qco Qpo
H H H T X X a b c d a b c d
H L H T X H X X X X H Qan Qgn Qcn
H L H T X L X X X X L Qan Qgn Qcn
H H L 1 H X X X X X Qgn Qcn Qbn H
H H L T L X X X X X Qgn Qcn Qon L
H L L X X X X X X X Qao Qgo Qco Qpo

FIGURE 1. Function Table
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DM54/74,54S/74S Test Waveforms

Parameter Measurement Information

Load Circuit for Bi-State
Totem-Pole Outputs

Load Circuit for
Open-Collector Outputs

Load Circuit for TRI-STATE® Outputs

TEST cc vee TEST vee
POINT o
RL RL ? RL
FROM OUTPUT FROM OUTPUT TEST
UNDER TEST (SeeNoteB)  ynpER TEST POINT Y s
FROM OUTPUT
CL UNDER TEST | (Seo Note B)
CL (See Note A)
(See Note A) I oL &
= = = (See Note A)
TL/X/0003-1 TL/X/0003-2
)
|

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

TL/X/0003-3

Input Waveform
54/74t, <7ns;t;<7ns
av 54S/74St, < 2.5ns,4 < 2.5ns
0% A R 90% Generator: Zoyt = 500
| |
oy 0% ! : I : 10% PRR < 1 MHz
-ty et ty
© TL/X/0003-4
Voltage Waveforms Voltage Waveforms
Setup and Hold Times Pulse Widths
TIMING 8V HIGH-LEVEL
IMIN -
—I.__———.-_—--ov t
}‘-'setup-J‘— thold —= v |
! - ‘i_ —-———-3V ; w |
DATA ! . | |
INPUT ﬂ ',;SLWS'E'EVE" 15V 1.5V
ov

TL/X/0003-5

TL/X/0003-6
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Test Waveforms

DM54/74, 54S/74S Test Waveforms (Continued)

Parameter Measurement Information (Continued)

Voltage Waveforms Propagation Delay Times

- - —— 3
|
| oV

TL/X/0003-7

Voltage Waveforms Enable and Disable Times, TRI-STATE Outputs

ouTPUT av
CONTROL.
(LOW-LEVEL NSV /45 v
ENABLING) | A ™
e oz —— :*'PLZ"!
WAVEFORM 1 ' bommmsasy | | s1am
| $1CLOSED | S$2 CLOSED
(See Note C) | S20PEN 18V | J“f_t_— =15V
[ | vy
| |
te—tpzn—— reteuz—l oo\ 05V
| Lol o VOH

| | et
WAVEFORM 2 S1 OPEN 1.5v L3 ~15V

(See Note C) S2 CLOSED S1AND
- wmm =0V S2 CLOSED

TL/X/0003-8
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-STATE outputs, switches S1 and S2 are closed.
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DM54L/DM54LS/74LS Test Waveforms

Parameter Measurement Information

SWJOJARM 1S9

Load Circuit for Bi-State Load Circuit for Open- TRI-STATE Outputs
Totem-Pole Outputs Collector Outputs
TEST yoo vce TEST vee

Vi
POINT POINT
RL RL RL
FROMOUTPUT _L 1 ¢S —_ _ __ FROM OUTPUT TEST
UNDER TEST (See Note 3)1' UNDER TEST POINT s1
1

! L ;:OD’;RO‘IE,JSP'IPT — (See Note B)
cL C1f (See Note A)
(See Note A) I (See Note C){ £
1 CL ~
= = £ = (See Note A)

TL/X/0003~-9 TL/X/0003-10

TL/X/0003-11

Note A: C; includes probe and jig capacitance.
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:t, < 6ns, ;< 6ns

3v
90% 90%
ﬂ— 54L gates and inverters: t; < 60 ns, t; < 60 ns
ov —10%A : | TNI9% 54L flip-flops and MSI: t, < 25 ns, t; < 25 ns
[

|
e tr ety Generator: Zoyt = 50Q
TL/X/0003-12 PRR < 1 MHz

Voltage Waveforms Voltage Waveforms

Setup and Hold Times Pulse Widths

v
TIMING HIGH-LEVEL
INPUT ' 1.3V PULSE q 13v 1.3v h
AN R VD | |
r ov le————tw ——

| thold—» ]
r—holnp*"— \ w |

DATA ! \ i- Tooma LOW-LEVEL. | |
INPUT 13V 13V PULSE 13V 13v
ov

TL/X/0003-13 TL/X/0003-14

3V

CLEAR 1.3V
ceecccceeeees )Y
trec

TIMING
INPUT

TL/X/0003-15
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Test Waveforms

DM54L/DM54LS/74LS Test Waveforms (Continued)

Parameter Measurement Information (Continued)

Voltage Waveforms Propagation Delay Times

| |
OUT-OF-PHASE 1.3V 13v
OUTPUT
== VOL

(See Note F)
TL/X/0003-16

Voltage Waveforms Enable and Disable Times, TRI-STATE Outputs

OUTPUT 3v
CONTROL ’Z

13V 13v
(LOW-LEVEL |

h
ENABLING) | e L DL L P Y 1"
:4——QP2L———>= :<-tp|_z-—|
WAVEFORM 1 : fo=——-sesy | s2oi0e
OSED )
(See Note D) : g; g;ﬁ" 1.3V : Jf_'_— ~15V
: L —— e ——- VoL
|
re—tpzn—s) ezl o5y 05V
u A

\ N —
WAVEFORM 2 S1 OPEN 13v Ly =15V

(See Note D) $2 CLOSED S1AND
—————=0V $2 CLOSED

TL/X/0003-17
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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Section 2—Low Power Schottky

Low Power Schottky—Commercial Products
DM74LS00 Quad 2-Input NAND Gate . ..ottt e et
DM74LS02 Quad 2-Input NOR Gate ..........ccoiiiiiiiiiii it e
DM74LS03 Quad 2-Input NAND Gate with Open-Collector Outputs .......................
DM74LS04 HeX INVEIET . . ...ttt e e et
DM74LS05 Hex Inverter with Open-Collector Outputs ......... ..o,
DM74LS08 Quad 2-INput AND Gate .........c.ovttettiiiiiiiee ettt inneeennns
DM74L.S09 Quad 2-Input AND Gate with Open-Collector Outputs . ........................
DM74LS10 Triple 3-Input NAND Gate . ... ..cviie ittt ie e
DM74LS11 Triple 3-Input AND Gate ....... ...ttt e
DM74LS12 Triple 3-Input NAND Gate with Open-Collector Outputs .......................
DM74LS13 Dual 4-Input Schmitt Trigger . .. ...coovvvi i e
DM74LS14 Hex Inverter with Schmitt TriggerInputs. ...,
DM74LS15 Triple 3-Input AND Gate with Open-Collector Outputs.........................
DM74LS20 Dual 4-Input NAND Gate . .. ..ot it e
DM74LS21 Dual 4-Input AND Gate .......coiieiii i
DM74LS22 Dual 4-Input NAND Gate with Open-Collector Outputs ................ ...
DM74LS26 Quad 2-Input NAND Buffers with High-Voltage Open-Collector Outputs .........
DM74LS27 Triple 3-InputNOR Gate ......c.oviiiii i i
DM74LS28 Quad 2-Input NOR BuUffer ......... ...
DM74LS30 8-Input NAND Gate ........oinniiiiiiiii i
DM74LS32 Quad 2-Input OR Gate . .. ..o o e ettt ettt i eaes
DM74LS33 Quad 2-Input NOR Buffer with Open-Collector Outputs........................
DM74LS37 Quad 2-Input NAND Buffer .........oovri e e
DM74LS38 Quad 2-Input NAND Buffer with Open-Collector Outputs ......................
DM74LS40 Dual 4-Input NAND Buffer. ......coirii i e
DM74LS42 BCD to Decimal Decoder ..........c.viiiiiiiiiiiiiii ittt
DM74L.S47 BCD to 7-Segment Decoder/Driver. . ......ovun ittt
DM74LS48 BCD to 7-SegmentDecoder. ...t
DM74LS51 Dual 2-Wide 2-Input, 2-Wide 3-Input AND-OR-INVERT Gate ...................
DM74LS54 4-Wide 2-Input AND-OR-INVERT Gate ..........coovvviiiiiiiiiiiininnnenns
DM74L855 2-Wide 4-Input AND-OR-INVERT Gate ..........ccoviriiiiiiiiniinneinnnenns
DM74LS73A Dual Negative-Edge-Triggered Master-Slave J-K Flip-Flops with Clear and
Complementary QUIPUES .. ...ttt e e ettt nanaes
DM74LS74A Dual Positive-Edge-Triggered D Flip-Flops with Preset, Clear, and
Complementary OULPULS . ... .ouuniiiti ittt ettt eni e
DM74LS75Quad Latch ... .o.vi i e e
DM74LS83A 4-Bit Binary Adder with FastCarry ...........coiiiiiiiiiiiiiiiiiiiiininnn
DM74L.S85 4-Bit Magnitude Comparator. ........covviiiiiiiiiiii i,
DM74L.S86 Quad 2-Input EXCLUSIVE-OR Gate .........ccvvviiiiieieiiiiiniinnnennness
DM74LS90 Decade COUNTEN . ..ottt ittt it iiii et i nne e,
DM74LS93 4-Bit Binary CoUNter . ..o v ittt ettt e
DM74LS95B 4-Bit Right/Left ShiftRegister ........... ... i
DM74LS107A Dual Negative-Edge-Triggered Master-SIave J-K Flip-Flop with Clear and
Complementary OUIPULS .. ..ottt et et et e
DM74LS109A Dual Positive-Edge-Triggered J-K Flip-Flop with Preset, Clear, and
Complementary OUIPULS . ...ttt ettt e i eaeneeeanneeeanns




Section 2—Low Power Schottky (continued)

Low Power Schottky—Commercial Products (Continued)
DM74LS112A Dual Negative-Edge-Triggered J-K Flip-Flop with Preset, Clear, and

Complementary QUEPULS . ... ..ovtnn ittt et e i eaaeens 2-119
DM74LS122 Retriggerable Monostable Multivibrator (One-Shot) with Clear and

Complementary OQUIPULS . .. ... ittt ittt it e e aaaeaeaeaaanenneans 2-129
DM74LS123 Dual Retriggerable Monostable Multivibrator (One-Shot) with Clear and

Complementary OQUIPUES . .. ..ot e et nenns 2-133
DM74LS125A Quad TRI-STATE BUffer.......vitii e e 2-137
DM74LS126A Quad TRI-SSTATE BUfer. . ...ovvi i e aens 2-140
DM74LS132 Quad 2-Input Schmitt Trigger NAND Gate . ...t 2-143
DM74LS133 13-INput NAND Gate ......vviit e 2-146
DM74LS136 Quad 2-Input EXCLUSIVE-OR Gate with Open-Collector Outputs ............. 2-148
DM74L.S138 3-to-8 Line Decoder/Demultiplexer. ........c.ooueiiiiiiiiininiieennn.. 2-150
DM74LS139 Dual 2-to-4 Line Decoder/Demultiplexer ............ccovviiiiennn.. el 2-150
DM74LS151 1-0f-8 Line Data Selector/Multiplexer with Complementary Outputs ........... 2-155
DM74LS153 Dual 1-of-4 Line Data Selectors/Multiplexers ..., 2-161
DM74LS154 4-to-16 Line Decoder/Demultiplexer ..........ccoiiiiiiiiiiiiiiiiiinn., 2-164
DM74LS155 Dual 2-to-4 Line Decoder/1-to-4 Line Demultiplexer . ........................ 2-167
DM74LS156 Dual 2-to-4 Line Decoder/1-to-4 Line Demultiplexer with Open-Collector

L0 01103 (N 2-167
DM74LS157 Quad 2-to-1 Line Data Selector/Multiplexer .............cooiiiiiiiiiann. 2-171
DM74LS158 Quad 2-to-1 Line Inverting Data Selector/Multiplexer ...................ou0s. 2-171
DM74LS160A Synchronous Presettable BCD Decade Counter .............coevivevenne.. 2175
DM74LS161A Synchronous 4-Bit Binary Counter with AsynchronousClear................. 2-180
DM74LS162A Synchronous Presettable BCD Decade Counter ................c.oouveen.. 2-175
DM74LS163A Synchronous 4-Bit Binary Counter with SynchronousClear.................. 2-180
DM74LS164 8-Bit Serial In/Parallel Out Shift Register with Asynchronous Clear ............ 2-188
DM74LS165 8-Bit Parallel In/Serial Out Shift Register with Complementary Outputs. ........ 2-191
DM74LS166 8-Bit Parallel or Serial In/Serial Out Shift Register . ............ ..ot 2-195
DM74LS169A Synchronous 4-Bit Up/Down BinaryCounter ............... .. .ooiiin. 2-203
DM741L.S170 4-by-4 Register File with Open-Collector Qutputs............................ 2-208
DM74LS173A 4-Bit TRI-STATE D RegiSter .. .... ...ttt iiiiiiiiniinans 2-212
DM74LS174 Hex D Flip-Flop with Clear ............c.oi it 2-216
DM74LS175 Quad D Flip-Flop with Clear and Complementary Outputs .................... 2-216
DM74LS181 4-Bit Arithmetic Logic Unit ... 2-221
DM74LS190 Synchronous BCD Up/Down Decade Counter with Mode Control ............. 2-228
DM74LS191 Synchronous 4-Bit Up/Down Binary Counter with Mode Control ............... 2-228
DM74LS192 Up/Down Decade Counter with Separate Up/Down Clocks .................. 2-234
DM74LS193 Synchronous 4-Bit Up/Down Binary Counter with Dual Clock ................. 2-238
DM74LS194A 4-Bit Bidirectional Universal Shift Register ............... ...t 2-243
DM74LS195A 4-Bit Parallel Access Shift Register ............. ..o, 2-247
DM74LS196 Presettable Decade Counter ...........viiiiiiiiiiiiieiiiiiieinnens 2-251
DM74LS197 Presettable BinaryCounter. ........ooiiiii i aes 2-255
DM74L.S221 Dual Monostable Multivibrator (One-Shot) with Schmitt Trigger Input........... 2-259
DM74LS240 Octal TRI-STATE Inverting Buffer/Line Driver/Line Receiver ................. 2-264
DM74LS241 Octal TRI-STATE Buffer/Line Driver/Line Receiver ......................... 2-264
DM74L.S243 Quadruple Bus TransCeIVEr . ...vvviiititt ittt iiiiie e eeeanenesennns 2-267
DM74L.S244 Octal TRI-STATE Buffer/Line Driver/Line Receiver ......................... 2-270
DM74LS245 Octal TRI-STATEBUS TranSCeIiVer . ........vviiiiiiiiii it 2-273
DM741L.5247 BCD to 7-Segment Decoder/Driver with Open-Collector Outputs . . ............ 2-276
DM74LS248 BCD to 7-Segment Decoder with 2 kQ Pull-Up Resistors .................. ... 2-279
DM74LS249 BCD to 7-Segment Decoder with Open-Collector Outputs .................... 2-282
DM74LS251 TRI-STATE 1-o0f-8 Line Data Selector/Multiplexer with Complementary Outputs. 2-286




Section 2—Low Power Schottky (continued)

Low Power Schottky—Commercial Products (Continued)
DM74LS253 Dual TRI-STATE 1-of-4 Line Data Selector/Multiplexer ......................
DM74L.8256 Dual 4-Bit AddressableLatch................oooiiiii it
DM74LS257B Quad TRI-STATE 2-to-1 Line Data Selector/Multiplexer ....................
DM74LS258B Quad TRI-STATE 2-to-1 Line Inverting Data Selector/Multiplexer ............
DM74LS259 8-Bit Serial In to Parallel Out Addressable Latch ................ ... ... .. ...
DM74LS260 Dual 5-Input NOR Gate . ...... oottt e eeieeees
DM74LS266 Quad 2-Input EXCLUSIVE-NOR Gate with Open-Collector Outputs .. ..........
DM74LS273 8-Bit Registerwith Clear ... i
DM74LS279 Quad S-RLatCh .. ..ovitiiii it
DM741.S283 4-Bit Binary Adderwith FastCarry............oooiiiiii i
DM74LS290 Decade COUNEET . .. ..ottt ettt ettt et e e e e eeeaanas
DM74LS293 4-Bit Binary COUNTEr. . ...\ttt ittt ieeeeeneenennnnnns
DM74LS295A 4-Bit Shift Register with TRI-STATEOutputs ............ccviviiiivnnne...
DM74LS298 Quad 2-Port Register (Multiplexer with Storage) . ...............ooiiiiiiat
DM74LS299 8-Input Universal Shift/Storage Register with Common Parallel /O Pins .......
DM74LS322 8-Bit Serial/Parallel Register with SignExtend . .............. ... ..ot
DM74LS323 8-Bit Universal Shift/Storage Register with Synchronous Reset and Common
O IS ettt e e e
DM74LS347 BCD to 7-Segment Decoder/Driver .........oouvtiiiiiiiiiiiiieinireeanns
DM74LS352 Dual 1-of-4 Line Inverting Data Selector/Multiplexer .................... ...
DM74LS353 Dual 4-Input Multiplexer with TRI-STATE OQUtputs . ......covviiriiinnnnnnn.s
DM74LS365A Hex TRI-STATE Buffer/BusDriver........c..oiiiiii i,
DM74LS366A Hex TRI-STATE Inverting Buffer/BusDriver.............c.ooviiiiiiiiiannn,

DM74LS367A Hex TRI-STATE Buffer/BusDriver............coooiiiiiiiiiiiiiiiiinn .. ‘

DM74LS368A Hex TRI-STATE Inverting Buffer/BusDriver........... ..o,
DM74LS373 Octal TRI-STATE TransparentDLatch ...........cooviiiiiiiiii i,
DM74LS374 Octal TRI-STATE Positive Edge-Triggered DFlip-Flop ...............ooiiit
DM74LS3754-BitLatch ... ..o e e e
DM74LS377 Octal D Flip-Flop with Common Enableand Clock . . .............covvuvian,
DM74LS378 Parallel D RegisterwithEnable ...,
DM74LS379 Quad Parallel RegisterwithEnable ................ ...,
DM74LS380 Multifunction Octal Register ..ot
DM74LS380A Multifunction Octal Register. . ..........ooooiiiiiiiiii i
DM74LS390 Dual Decade (Bi-Quinary) CoOUNter .............viiiimiirennneneennnannnn.
DM74L.S393 Dual 4-Bit Binary Counter .......... ittt
DM74LS395 4-Bit Shift Register with TRI-STATE Outputs. ..........coviiiiiiiiii e,
DM74LS447 BCD to 7-Segment Decoder/Driver .........c.oiuuinniiiiiiiiiiiiiiinnnnnns
DM74LS450 16:1 MUIIPIEXEr ...t et
DM74LS450A 16:1 MURIPIEXEr . . ..ottt e e et aaans
DM74LS451 Dual 8:1 MUIIPIEXET . . ..ottt e eaas
DM74LS451A Dual 8:1 MURIPIEXET . . o v v vttt e ettt et e ettt ie e iia i innnnnaanns
DM74LS453 Quad 4:1 MURPIEXEr . ..ttt e e
DM74LS453A Quad 4:1 MUHIpIEXer . ... ovv e e
DM74LS460 10-Bit Comparator .. ....oouveitttti et it inie i eaneens
DM74LS460A 10-Bit Comparator . ...ttt e
DM74LS461 Octal COUNTEN .. ..ottt ettt ittt et e eaeennieeanns
DM74LS4B61A Octal CoUNEr . ... oottt ettt it a e naeeenns
DM74L.S465 (DM71/81LS95A) Octal TRI-STATE Buffer/BusDriver.......................
DM74L.S466 (DM71/81LS96A) Octal TRI-STATE Inverting Buffer/Bus Driver ..............
DM74LS467 (DM71/81LS97A) Octal TRI-STATE Buffer/Bus Driver.................ounn..
DM74LS468 (DM71/81LS98A) Octal TRI-STATE Inverting Buffer/Bus Driver ..............
DM74LS469 8-Bit Up/DoWn COUNTEr. . . ..ttt ettt ettt nnineaeeeennnns




Section 2—Low Power Schottky (continued)
Low Power Schottky—Commercial Products (Continued)
DM74LS469A 8-Bit Up/DowWn COUNLET .. ..ottt ettt ennees 2-449
DM74LS490 Dual Decade CoUNter . ..ottt e eiee e 2-453
DM74LS491 10-Bit CoUNTer. .. oottt et s 2-456
DM74LS491A 10-Bit Counter . ... o e e 2-459
DM74LS498 Octal Shift RegiSter . .....ccvviit it e e 2-463
DM74LS498A Octal Shift Register ..o e 2-466
DM74LS502 8-Bit Successive Approximation Register ........... ..., 2-470
DM74LS503 8-Bit Successive Approximation Register with Expansion Control.............. 2-474
DM74LS533 Octal Transparent Latch with TRI-STATEOutputs...........coovvvviinonn.. 2-477
DM74LS534 Octal D Flip-Flop with TRI-STATEOUIPULS ... ...vviiiiiiiiiiiinnie e 2-480
DM74LS540 Octal Buffer/Line Driver with TRI-STATEOutputs ..........coovvviiiinnnnn. 2-483
DM74L8563 Octal D Latch with TRI-STATEOUtPULS .. ..o oo e e 2-486
DM74L.S564 Octal D Flip-Flop with TRI-STATEOUtpULS .. ....vvtiiiii it 2-489
DM74LS573 Octal D Latch with TRI-STATEOUtpULS .. ..o o v 2-492
DM74LS574 Octal D Flip-Flop with TRI-STATEOutputs ..........c.cviiiiiiiiennnnnn... 2-495
DM74LS645 Octal TRI-STATE BuS TranSCeIVEr .. ..c..vtvtitiiitniieniienaneennnns 2-498
DM74LS670 TRI-STATE 4-by-4 RegisterFile ..., 2-501
DM74LS952 Dual TRI-STATE 8-Bit Positive Edge-Triggered Rank Shift Register............ 2-505
DM74L8962 Dual TRI-STATE 8-Bit Positive Edge-Triggered Rank Shift Register............ 2-511
DM96LS02 Dual Retriggerable Resettable Monostable Multivibrator (One-Shot) ............ 2-517
Low Power Schottky—MIL/Aero Products
541.S00/DM54L.S00 Quad 2-Input NAND Gate .........ooviiiniiiii i 2-3
54L.S502/DM54L.S02 Quad 2-Input NOR Gate ........ccvuiiiiniiiiiii e eiiiieeeannn 2-5
541.S03/DM54L.S03 Quad 2-Input NAND Gate with Open-Collector Outputs ............... 2-7
54L.S04/DM54LS04 HexX INVEIter . . ..ottt e e 2-9
541.505/DM54L.S05 Hex Inverter with Open-Collector Outputs ................oooeee.at. 2-11
541.808/DM54L.S08 Quad 2-Input AND Gate. .. ...oottieetnieiiiiii et aeeeaiaeeenns 2-13
541.809/DM54LS09 Quad 2-Input AND Gate with Open-Collector Outputs ................. 2-15
541.S10/DM54LS10 Triple 3-Input NAND Gate ...........ccoviiiiii i 2-17
541L.S11/DM54LS11 Triple 3-Input AND Gate ..........ccviiiiiiiiiiiiiieeieiienenns 2-19
DM54LS12 Triple 3-Input NAND Gate with Open-Collector Outputs ....................... 2-21
541.S13 Dual 4-Input Schmitt Trigger . .. ... oot e i 2-23
541.814 Hex Inverter with Schmitt Trigger Inputs .. ... 2-26
541.815 Triple 3-Input AND Gate with Open-Collector Outputs .. ..............ooiiiee.... 2-29
541.520/DM54LS20 Dual 4-Input NAND Gate . . ......coveiiiii i 2-32
541.521/DM54LS21 Dual 4-Input AND Gate ........covvniiiiiniiiiiii it iiiiennnans 2-34
541.822 Dual 4-Input NAND Gate with Open-Collector Outputs ................coviniine.. 2-36
541526 Quad 2-Input NAND Buffers with High-Voltage Open-Collector Outputs ............ 2-39
541.827/DM54L.S27 Triple 3-Input NOR Gate ..........coviiiiiiiii e 2-41
541528 Quad 2-Input NOR BUffer ... ..ot e 2-43
541.S30/DM54LS30 8-Input NAND Gate .......coiuuriieiiiiiiiiiii it 2-46
541.532/DM54LS32 Quad 2-Input OR Gate . . ..o 2-48
541.S33 Quad 2-Input NOR Buffer with Open-Collector Outputs..........c.covvviiiinnn. 2-50
541.837 Quad 2-Input NAND Buffer .. ... e 2-52
541.838/DM54L.838 Quad 2-Input NAND Buffer with Open-Collector Outputs .............. 2-54
541540 Dual 4-Input NAND BUffer . ..ot e 2-56
541.S42/DM54LS42 BCD to Decimal Decoder ..........ccoviiiiiiiiiiiiiiiiniiiiennn. 2-59
541.S47 BCD to 7-Segment Decoder/DIiVer. . . ..o vttt eiiieeaens 2-62
54L.S48 BCD 10 7-Segment DeCOTer . ..o ov vttt ettt iee it i e aennanans 2-67
541.849 BCD to 7-Segment Decoder with Open-Collector Qutputs ........................ 2-71
541.S51 Dual 2-Wide 2-Input, 2-Wide 3-Input AND-OR-INVERT Gate ...................... 2-74
541854 4-Wide 2-Input AND-OR-INVERT Gate........covvviniiiiiiiiiiiiennnnnenn. 2-77




Section 2—Low Power Schottky (continued)

Low Power Schottky—MIL/Aero Products (Continued)
541855 2-Wide 4-Input AND-OR-INVERT Gate. ......covineiiint i i iiieenineennns
DM54LS73A Dual Negative-Edge-Triggered Master-Slave J-K Flip-Flops with Clear and
Complementary OULPULS ... ..vv ittt ettt e it ei et ennesnneeenneseanneenn
541.874/DM54L.S74A Dual Positive-Edge-Triggered D Flip-Flops with Preset, Clear, and
Complementary OULPULS vttt ettt nneeaeeenanaerosenesss
DMB4LS75 Quad LatCh ... .vv it e s
541.S83A/DM54LS83A 4-Bit Binary Adder with FastCarry ..........oovviiiiiiieniinnenn.
541.885/DM541.885 4-Bit Magnitude Comparator. .........coviiiiiiniiiiiiiineins
DM54LS86 Quad 2-Input EXCLUSIVE-OR Gate .......cvviirrienriinnieiiieninnnennns
541.S95B 4-Bit Right/Left Shift Register ...ttt
DM54LS107A Dual Negative-Edge-Triggered Master-Slave J-K Flip-Flop with Clear and
Complementary QULPULS ... ..vuntttit ittt it eineetanaess
54L.5109/DM54LS109A Dual Positive-Edge-Triggered J-K Flip-Flop with Preset, Clear, and
Complementary QULPULS ... ..uviuttt it ittt
541.S112/DM54LS112A Dual Negative-Edge-Triggered J-K Flip-Flop with Preset, Clear, and
Complementary QULPULS .. ...ttt e it i e s
5415113 Dual Positive-Edge-Triggered J-K Flip-Flop with Preset and Complementary
(O o -
5418114 Dual Negative-Edge-Triggered J-K Flip-Flop with Common Clocks, Clear, and
Complementary OULPUES ... ... .ottt e e e
541.8125/DM54LS125A Quad TRI-STATEBUffer. . ........coviiiiiiiii it
5418126 Quad TRI-STATE BUffer ... ...oviuitiii it
DM54L.S132 Quad 2-Input Schmitt Trigger NAND Gate . ........coovvviiiiiiiiiiinnn,
5418133 13-INPUENAND Gate . ..o vviiit ettt ettt e n s
541.8S136/DM54L.S136 Quad 2-Input EXCLUSIVE-OR Gate with Open-Collector Outputs . ...
541.5138/DM54L.S138 3-t0-8 Line Decoder/Demultiplexer. ..............ooooviiiiiinn,
541.S139/DM54L.8139 Dual 2-to-4 Line Decoder/Demultiplexer .............c.coovviine...
541.5151/DM54LS151 1-0f-8 Line Data Selector/Multiplexer with Complementary Outputs . .
54LS152 8-Input MUltpleXer .. ..o vi it e
54L.5153/DM54LS153 Dual 1-0f-4 Line Data Selectors/Multiplexers ...............oovetn
DM54LS154 4-to-16 Line Decoder/Demultiplexer ..........c.ooiviiiiiiiiiiiiiiiiinn,
541.S155/DM54L.S155 Dual 2-t0-4 Line Decoders/1-to-4 Line Demultiplexer ...............
541.5156/DM54LS156 Dual 2-to-4 Line Decoders/1-to-4 Line Demulitiplexer with
Open-Collector QULPULS ... oo e ettt e e i e ieee s
541.S157/DM54LS157 Quad 2-to-1 Line Data Selector/Multiplexer .......................
541.5158/DM54LS158 Quad 2-to-1 Line Inverting Data Selector/Multiplexer ...............
54L.S160A Synchronous Presettable BCD Decade Counter ............covvviiieeennnnnn.
541.8161A/DM54LS161A Synchronous 4-Bit Binary Counter with Asynchronous Clear .......
54L.S162A Synchronous Presettable BCD Decade Counter ...........coooiviiiiinn...
541L.S163A/DM54L.S163A Synchronous 4-Bit Binary Counter with Synchronous Clear .......
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National
Semiconductor

54L.S00/DM54LS00/DM74LS00

Quad 2-Input NAND Gates

General Description Features

This device contains four independent gates each of which M Alternate Military/Aerospace device (54LS00) is avail-
performs the logic NAND function. able. Contact a National Semiconductor Sales Office/

Distributor for specifications.

Connection Diagram

Dual-In-Line Package
Vee 84 A4 Y4 83 A3 Y3

IM 13 12 1 10 9 8

[=an

1 2 3 4 5 6 7

Al Bt Y1 A2 B2 Y2 GND
TL/F/6439-1

Order Number 54LS00DMQB, 54LS00FMQB, 54LS00LMQB, DM54L.S00J, DM54LS00W, DM74LS00M or DM74LS00N
See NS Package Number E20A, J14A, M14A, N14A or W14B

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

H = High Logic Level
L = Low Logic Level
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LS00

Absolute Maximum Ratings (Note)

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

Supply Voltage v
Input Voltage A
Operating Free Air Temperature Range

DM54LS and 54LS —55°Cto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—65°Cto +150°C

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. 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.

Recommended Operating Conditions

Symbol Parameter DMS541.500 DM741.500 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \"
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current -0.4 -0.4 mA
loL Low Level Output Current 4 8 mA
TA Free Air Operating Temperature —-55 125 0 70 °C

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

Symbol Parameter Conditions Min (Nz: 1) Max Units
\ Input Clamp Voltage Voo = Min, | = —18 mA -1.5 v
VoH High Level Output Vce = Min, loy = Max, DM54 2.5 3.4 v
Voltage ViL = Max DM74 | 27 3.4
VoL Low Level Output Voc = Min, gL = Max, DM54 0.25 0.4
Voltage ViH = Min DM74 0.35 05 v
loL = 4 mA, Vgg = Min DM74 0.25 0.4
Iy Input Current @ Max Vce = Max, V) = 7V 04 mA
Input Voltage
W1 High Level Input Current Vee = Max, V| = 2.7V 20 HA
i Low Level input Current Vee = Max, V| = 0.4V —0.36 mA
los Short Circuit Voo = Max DM54 -20 -100 mA
Output Current (Note 2) DM74 —20 —~100
lccH gﬁ;‘lz s(:::';nt with Ve = Max 0.8 16 mA
lccL Supply Current with Vcc = Max 24 44 mA
Outputs Low

Switching Characteristics at Vo = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter CL = 15pF CL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 3 10 4 15 ns
tPHL Propagation Delay Time
High to Low Level Output 8 10 4 1 ns

Note 1: All typicals are at Vgg = 5V, Ta = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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Semiconductor

54L.S02/DM54LS02/DM74LS02
Quad 2-Input NOR Gates

General Description Features

This device contains four independent gates each of which W Alternate Military/Aerospace device (54LS02) is avalil-
performs the logic NOR function. able. Contact a National Semiconductor Sales Office/
Distributor for specifications

Connection Diagram

Dual-In-Line Package
Ve Y4 B4 A4 Y3 Bl A3

14 13 12 n 10 9 8

B

1 2 3 4 5 6 1
v|1 AI'I s[| v2 nlz 82 srlm
TL/F/6441-1
Order Number 54LS02DMQB, 54LS02FMQB, 54L.S02LMQB, DM54LS02J, DM54LS02W, DM74LS02M or DM74LS02N

See NS Package Number E20A, J14A, M14A, N14A or W14B

Function Table
Y=A+B
Inputs Output

A B Y
L L H
L H L
H L L
H H L
High Logic Level

H=
L = Low Logic Level
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LS02

Absolute Maximum Ratings (Note)

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

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot.be guaran-
teed. 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.

Supply Voltage N
Input Voltage A
Operating Free Air Temperature Range
DM54LS and 54LS ~556°Cto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range

—65°Cto +150°C

Recommended Operating Conditions

The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DMS54L.S02 DM74L.S02 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 475 5 5.25 Vv
VIH High Level Input Voltage 2 2 \
ViL Low Level input Voltage 0.7 0.8 \
loH High Level Qutput Current -0.4 -04 mA
loL Low Level Output Current 4 8 mA
TA Free Air Operating Temperature —55 125 (4] 70 °C

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

Symbol Parameter Conditions Min (Nz‘t’: 1) Max Units
\ Input Clamp Voltage Vec = Min, [j = —18 mA -1.5 \
VoH High Level Output Vee = Min, loy = Max, DM54 25 3.4 v
, Voltage Vi = Max om74 | 27 3.4
VoL Low Level Output Vce = Min, loL = Max, DM54 0.25 0.4
Voltage ViH = Min DM74 0.35 05 v
loL = 4 mA, Vge = Min DM74 0.25 0.4
Iy Input Current @ Max Vce = Max, V| = 7V 01 mA
Input Voltage
i High Level Input Current Vce = Max, V| = 2.7V 20 pA
[N Low Level Input Current Vce = Max, V) = 0.4V -0.40 mA
los Short Circuit Vcec = Max DM54 —20 —100 mA
Output Current (Note 2) DM74 —20 —100
lccH gtggz sC:::;nt with Vce = Max 16 a2 mA
leoL Supply Current with Vce = Max 28 5.4 mA
Outputs Low

Switching Characteristics atvec = 5vand T = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter CL = 15pF CL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 3 18 ns
tPHL Propagation Delay Time
High to Low Level Output 10 15 ns

Note 1: All typicals are at Vgc = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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Semiconductor

54LS03/DM54L.S03/DM74LS03
Quad 2-Input NAND Gates
with Open-Collector Outputs

General Description " Pull-Up Resistor Equations
This device contains four independent gates each of which Vg (Min) — Vou
performs the logic NAND function. The open-collector out-  Rmax = WW—)
puts require external pull-up resistors for proper logical op- 11oH 2 UlIH

eration. RM'N _ VCC (Max) — VOL

Features lo = Na ()

w Alternate Military/Aerospace device (54L803) is avail-  Where: Ny (Iop) = total maximum output high current for all
able. Contact a National Semiconductor Sales Office/ outputs tied to pull-up resistor
Distributor for specifications. ) N2 (j) = 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

Connection Diagram

Dual-In-Line Package
Vee B4 A4 Y4 83 A3 Y3

Iu 13 12 1 10 9 Ja

1

2 3 4 5 6 |7
1 V1 Az B2 Y2 GND

Al

Order Number 54LS03DMQB, 54LS03FMQB, 54LS03LMQB,
DM54LS03J, DM54LS03W, DM74LS03M or DM74LS03N
See NS Package Number E20A, J14A, M14A, N14A or W14B

TL/F/6344-1

Function Table
Y =AB
Inputs Output
A B Y
L L H
L H H
H L H
H H L
High Logic Level

H=
L = Low Logic Level
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LS03

Absolute Maximum Ratings (Note)

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

Note: The “Absolute Maximum Ratings” are those values
beyond which the safely of the device cannot be guaran-
teed. The device should not be operated at these limits. The

Supply Voltage 7V paramelric values defined in the “Electrical Characteristics”
Input Voltage v table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
Output Voltage v the conditions for actual device operation.
Operating Free Air Temperature Range
DM54LS and 54LS —55°Cto +125°C

DM74LS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Recommended Operating Conditions
Symbol Parameter DM54LS03 DM74LS03 Units

Min Nom Max Min Nom Max

Voo Supply Voltage 45 5 55 4.75 5 5.25 v
ViH High Level Input Voltage 2 2 \"
ViL Low Level Input Voltage 0.7 0.8 \"
VoH High Level Output Voltage 5.5 5.5 \"
loL Low Level Output Current 4 8 mA
TA Free Air Operating Temperature —55 125 0 70 °C

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

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vi Input Clamp Voltage Vee = Min, || = —18 mA -1.5 \%
lcex High Level Output Vee = Min, Vo = 5.5V,
Current ViL = Max 100 rA
VoL Low Level Output Vec = Min, loL = Max, DM54 0.25 0.4
Voitage ViH = Min DM74 0.35 0.5 v
loL = 4mA, Vgc = Min DM74 0.25 0.4
I Input Current @ Max Vge = Max, V) = 7V 01 mA
Input Voltage
IH High Level Input Current Vce = Max, V) = 2.7V 20 pA
I Low Level Input Current Voo = Max, Vi = 0.4V —-0.36 mA
lccH Supply Current with Vce = Max
Outputs High 08 16 mA
lcoL Supply Current with Vec = Max 24 m mA
Outputs Low

Switching Characteristics atvcc = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter CL = 15pF CL = 50 pF Units
Min Max Min Max
tpLH Propagation Delay Time
Low to High Level Output 6 20 20 48 ns
tPHL Propagation Delay Time
High to Low Level Output 8 5 4 20 ns

Note 1: All typicals are at Vg = 5V, Ta = 25°C.
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Semiconductor

54LS04/DM54L.S04/DM74LS04 Hex Inverting Gates

General Description Features
This device contains six independent gates each of which W Alternate Military/Aerospace device (54LS04) is avail-
performs the logic INVERT function. able. Contact a National Semiconductor Sales Office/

Distributor for specifications.

Connection Diagram

Dual-In-Line Package
Vee AB Y6 AS Y5 A4 7]

Iw In |t2 In Iw Is Ia

| 1 Iz 3 |4 |5 6 7
Al Y1 A2 v2 A3 v3 GND
TL/F/6345-1
Order Number 54LS04DMQB, 54LS04FMQB, 54LS04LMQB, DM54L.S04J, DM54LS04W, DM74LS04M or DM74LS04N
See NS Package Number E20A, J14A, M14A, N14A or W14B

Function Table
Y=RA
Input Output
A Y
L H
H L

H = High Logic Level
L = Low Logic Level
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Absolute Maximum Ratings (ote)

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

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range
DM54LS and 54LS —55°Cto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. 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.

Symbol Parameter DMS4LS04 DM741.504 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 55 4.75 5 5.25 Vv
ViH High Level Input Voltage 2 2 \"
ViL Low Level Input Voltage 0.7 0.8 \"
loH High Level Output Current —0.4 —-0.4 mA
loL Low Level Output Current 4 8 mA
TA Free Air Operating Temperature —55 125 0 70 °C

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

Symbol Parameter Conditions Min (Nz: 1) Max Units
Vi Input Clamp Voltage Voc = Min, | = —18 mA -1.5 \"
VoH High Level Output Ve = Min, loy = Max, DM54 2.5 3.4 v
Voltage ViL = Max DM74 2.7 3.4
VoL Low Level Output Vce = Min, IgL = Max, DM54 0.25 0.4
Voltage Vin = Min DM74 0.35 0.5 v
loL = 4 mA, Voo = Min DM74 0.25 0.4
I Input Current @ Max Vcc = Max, V= 7V 01 mA
Input Voltage
IiH High Level Input Current Vgc = Max, V| = 2.7V 20 pA
IR Low Level Input Current Vcc = Max, V| = 0.4V —0.36 mA
los Short Circuit Ve = Max DM54 —20 —100 mA
Output Current (Note 2) DM74 —20 —100
IccH gl:lizgzsC:;?‘nt with Vcc = Max 12 24 mA
lcoL gtﬁgz ::;::nt with Vee = Max 3.6 66 mA

Switching Characteristics at v = 5vand T4 = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter CL = 15pF CL = 50pF Units
Min Max Min Max
tpLH Propagation Delay Time
Low to High Level Output 8 10 4 5 ns
tpHL Propagation Delay Time
High to Low Level Output 3 10 4 15 ns

Note 1: All typicals are at Vcc = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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54L.S05/DM54L.S05/DM74LS05 Hex Inverters
with Open-Collector Outputs

General Description Pull-Up Resistor Equations

This device contains six independent gates each of which _ Veg (Min) — Vo

performs the logic INVERT function. The open-collector out- Rmax = N1 (lon) + N2 ()

puts require external pull-up resistors for proper logical op-

eration. Vee (Max) — Vo
FMIN = o = Na (1)

Features

Where: N1 (Ion) = total maximum output high current for all
outputs tied to pull-up resistor
N2 (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

O Alternate Military/Aerospace device (54LS05) is avail-
able. Contact a National Semiconductor Sales Office/
Distributor for specifications.

Connection Diagram

Dual-In-Line Package
Vee AB Y6 AS Y5 A4 a4

|14 |13 IIZ Jn Iw |9 Is

|1 |z I] |4 |5 |s |7
Al Y1 A2 Y2 A3 Y3 GND
TL/F/6346-1
Order Number 54LS05DMQB, 54LS05FMQB, DM54L.S05J, DM54L.S05W, DM74LS05M or DM74LS05N
See NS Package Number E20A, J14A, M14A, N14A or W14B

Function Table

Y=A
Input Output
A Y
L H
H L

H = High Logic Level
L = Low Logic Level
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LS05

Absolute Maximum Ratings (Note)

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

Supply Voltage A%
Input Voltage ™
Output Voltage '

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. 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.

Operating Free Air Temperature Range
DM54LS and 54LS

DM74LS

Storage Temperature Range

Recommended Operating Conditions

—55°Cto +125°C

0°Cto +70°C

—65°Gto +150°C

Symbol Parameter DM54LS05 DM74LS05 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 Vv
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \"
VoH High Level Output Voltage 5.5 55 v
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

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

Symbol Parameter Conditions Min Tvp Max Units
(Note 1)

\J Input Clamp Voltage Voo = Min, |} = —18 mA -1.5 Vv
lcex High Level Output Voo = Min, Vg = 6.5V

Current ViL = Max 100 KA
VoL Low Level Output Ve = Min, lgL = Max DM54 0.25 0.4

Voltage ViH = Min DM74 0.35 0.5 v

loL = 4 mA, Vgc = Min DM74 0.25 0.4

I Input Current @ Veo = Max, V) = 7V

Max Input Voltage : 01 mA
IH High Level Input Current Vcc = Max, V| = 2.7V 20 MA
I Low Level Input Current Vce = Max, V| = 0.4V —0.36 mA
lccH Supply Current with Vce = Max

Outputs High 12 24 mA
lcoL Supply Current with Vee = Max 36 6.6 mA

Outputs Low

SWitChing Characteristics at Ve = 5V and Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
Symbol Parameter CL = 15pF CL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 6 20 20 48 ns
tPHL Propagation Delay Time
High to Low Level Output 8 5 4 20 ns

Note 1: All typicals are at Vg = 5V, Tp = 25°C.
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Semiconductor
54L.S08/DM54L.S08/DM74LS08 Quad 2-Input AND Gates
General Description Features
This device contains four independent gates each of which B Alternate Military/Aerospace device (54LS08) is avail-
performs the logic AND function. able. Contact a National Semiconductor Sales Office/

Distributor for specifications.

Connection Diagram

Dual-In-Line Package

Vee 84 A4 va B3 A3 v3
i 13 12 " 10 9 8
1 Iz |3 a 5 [3 7

Al 81 % A2 B2 V2 GND

TL/F/6347-1
Order Number 54LS08DMQB, 54LS08FMQB, 54LS08LMQB, DM54LS08J, DM54LS08W, DM74LS08M or DM74LS08N
See NS Package Number E20A, J14A, M14A, N14A or W14B

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
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LS08

Absolute Maximum Ratings (Note)

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

Supply Voltage '
Input Voltage v
Operating Free Air Temperature Range

DM54LS and 54LS —55°Cto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
~65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. 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.

Symbol Parameter DM54LS08 DM74LS08 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 475 5 5.25 \
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current —-0.4 —0.4 mA
loL Low Level Output Current 4 8 mA
TA Free Air Operating Temperature —55 125 0 70 °C

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

Symbol Parameter Conditions Min (NDt,: 1) Max Units
\ Input Clamp Voltage Vo = Min, |} = —18 mA —-1.5 \'/
VoH High Level Output Vce = Min, loy = Max, DM54 2.5 3.4 v
Voltage Vi = Min DM74 27 3.4
VoL Low Level Output Vee = Min, Io = Max, DM54 0.25 0.4
Voltage ViL = Max DM74 0.35 0.5 v
loL = 4 mA, Voc = Min DM74 0.25 0.4
I Input Current @ Max Vee = Max, V| =7V 0.4 mA
Input Voltage
IH High Level Input Current Vee = Max, V) = 2.7V 20 pA
M Low Level Input Current Vce = Max, V) = 0.4V —0.36 mA
los Short Circuit Vee = Max DM54 —20 —100 mA
Output Current (Note 2) DM74 —20 —100
lccH g:;:gz ::Hu;';nt with Vcec = Max 2.4 48 mA
lcoL gtpt)glll); :);;r:nt with Vce = Max 4.4 88 mA

Switching Characteristics at Vee = 5V and Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
Symbol Parameter CL = 15pF CpL = 50 pF Units
Min Max Min Max
teLH Propagation Delay Time
Low to High Level Output 4 13 6 18 ns
tPHL Propagation Delay Time
High to Low Level Output 8 " 5 18 ns

Note 1: All typicals are at Vgc = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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National
Semiconductor

54L.S09/DM54L.S09/DM74L.S09
Quad 2-Input AND Gates with Open-Collector Outputs

General Description Pull-Up Resistor Equations

This device contains four independent gates each of which _ Vce (Min) — Voy

performs the logic AND function. The open-collector out- Rmax = N; (lor) + Nz ()

puts require external pull-up resistors for proper logical op-

eration. Ve (Max) — VoL
RMIN = = o~ Na (1D

Features

Where: N (I = total maximum output high current for all
W Alternate Military/Aerospace device (54LS09) is avail- 1 lor) puthig

. R N outputs tied to pull-up resistor
able. Contact a National Semiconductor Sales Office/ No () = total - inout high t for all
Distributor for specifications. 2 () = total maximum input high current for al

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

Connection Diagram

Dual-In-Line Package

Vee B4 Ag 73 83 A3 v3
14 13 12 n 10 3 8
1 Iz IJ ] 5 6 7

Al 81 Vi A2 82 v2 GND

TL/F/6348-1
Order Number 54L.S09DMQB, 54LS09FMQB, DM54L.S09J, DM54LS09W, DM74LS09M or DM74LS09N
See NS Package Number E20A, J14A, M14A, N14A or W14B

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

H = High Logic Level
L = Low Logic Level
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Absolute Maximum Ratings (ote)

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

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

DM54LS and 54LS —55°Cto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—65°Cto +150°C

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. 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.

Recommended Operating Conditions

Symbol Parameter DM54LS09 DM74LS09 Units
. Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4,75 5 5.25 \')
Vii High Level Input Voltage 2 2 v
ViL Low Level Input Voltage 0.7 0.8 \)
VoH High Level Output Voltage 5.5 5.5 Vv
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

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

Typ

Symbol Parameter Conditions Min (Note 1) Max Units
Vi Input Clamp Voltage Vec = Min, | = —18 mA -1.5 \'J
lceEx High Level Output Vge = Min, Vo = 5.5V

Current Vig = Min 100 KA
VoL Low Level Output Vee = Min, lo. = Max DM54 0.25 0.4

Voltage ViL = Max DM74 0.35 0.5 v

loL = 4 mA, Vo = Min DM74 0.25 0.4

I Input Current @Max Ve = Max, V| = 7V 01 mA

Input Voltage
I High Level Input Current Vee = Max, V| = 2.7V 20 BA
M Low Level Input Current Ve = Max, V| = 0.4V —0.36 mA
lccH Supply Current With Vee = Max

Outputs High 24 48 mA
lecL Supply Current With Vg = Max 44 8.8 mA

Outputs Low

Switching Characteristics at Vg = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter CL = 15pF CL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 5 20 8 45 ns
tPHL Propagation Delay Time
High to Low Level Output 4 15 6 27 ns

Note 1: All typicals are at Vgg = 5V, Tp = 25°C.
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Semiconductor

54LS10/DM54LS10/DM74LS10
Triple 3-Input NAND Gates

General Description Features
This device contains three independent gates each of which W Alternate Military/Aerospace device (54LS10) is avail-
performs the logic NAND function. able. Contact a National Semiconductor Sales Office/

Distributor for specifications.

Connection Diagram

Dual-In-Line Package
Veo 1 Y1 €3 B3 A3 v3

14 13 |12 1 10 IB |8

s

1 2 3 a4 5 6 7

Al 81 A2 B2 c2 Y2 GND .
TL/F/6349-1

Order Number 54LS10DMQB, 54LS10FMQB, 54LS10LMQB,
DM54LS10J, DM54LS10W, DM74LS10M or DM74LS10N
See NS Package Number E20A, J14A, M14A, N14A or W14B

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
= Low Logic Level
X = Either Low or High Logic Level
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Absolute Maximum Ratings (Note)

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

Supply Voltage A
Input Voltage v
Operating Free Air Temperature Range

DM54LS and 54LS —55°Cto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. 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.

Symbol Parameter DmS4Ls10 DM74LS10 Units
Min Nom Max Min Nom Max

Veo Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current —0.4 —0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

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

Symbol Parameter Conditions Min (N:¥: 1) Max Units
Vi Input Clamp Voltage Vee = Min, |y = —18 mA -1.5 \
VoH High Level Output Vce = Min, loy = Max, DM54 25 3.4 v
Voltage ViL = Max DM74 2.7 3.4
VoL Low Level Output Vee = Min, lgp, = Max, DM54 0.25 0.4
Voltage Vin = Min DM74 0.35 05 v
loL = 4 mA, Vgg = Min DM74 0.25 0.4
I Input Current @ Max Voc = Max, V) = 7V 0.1 mA
Input Voltage
H High Level Input Current Vcc = Max, V| = 2.7V 20 pA
[T Low Level Input Current Ve = Max, V| = 0.4V —0.36 mA
los Short Circuit Vce = Max DM54 -20 -100 mA
Output Current (Note 2) DM74 —20 —100
lccH g:[t)gll‘){ SC:;;nt with Vo = Max 0.6 12 mA
lcoL Supply Current with Ve = Max 18 33 mA
Qutputs Low

Switching Characteristics atvce = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
Symbol Parameter CL = 15pF CL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 8 10 4 1 ns
tPHL Propagation Delay Time
High to Low Level Output 8 10 4 15 ns

Note 1: All typicals are at Voc = 5V, Tp = 26°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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Semiconductor
541L.S11/DM54LS11/DM74LS11 Triple 3-Input AND Gates
General Description Features
This device contains three independent gates each of which W Alternate military/aerospace device (54LS11) is avail-
performs the logic AND function. able. Contact a National Semiconductor Sales Office/

Distributor for specifications.

Connection Diagram
Dual-In-Line Package

Vee c1 Yi c3 83 A3 Y3

J'M 13 12 n 10 LI JB

1 2 3 4 5 6 P

Al B1 A2 82 c2 Y2 GND

Order Number 54LS11DMQB, 54LS11FMQB, 54LS11LMQB,
DM54LS11J, DM54LS11W, DM74LS11M or DM74LS11N
See NS Package Number E20A, J14A, M14A, N14A or W14B

TL/F/6350-1

Function Table
Y = ABC
Inputs Output
A B c
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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Absolute Maximum Ratings (ote)

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

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

DM54LS and 54LS —55°Cto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—65°Cto +150°C

Recommended Operating Conditions

Note: The "Absolute Maximum Ratings” are those values
beyond which the safely of the device cannot be guaran-
teed. 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.

Symbol Parameter DMS4LS11 DM74LS11 Units
Min Nom Max Min Nom Max
Vce Supply Voltage 45 5 5.5 4.75 5 5.25 \
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 Vv
loH High Level Output Current —-0.4 -0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C
Electrical CharacteristiCs over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min (N:‘t’: 1) Max Units
V) Input Clamp Voltage Voc = Min, [j = —18 mA —-1.5 \
VoH High Level Output Ve = Min, lo = Max DM54 2.5 3.4 v
Voltage Vin = Min DM74 2.7 3.4
VoL Low Level Output Vec = Min, lo = Max DM54 0.25 0.4
Voltage ViL = Max DM74 0.35 0.5 v
loL = 4 mA, Vo = Min DM74 0.25 0.4
Iy Input Current @ Max Veo = Max, V) = 7V 0.4 mA
Input Voltage
4 High Level Input Current Vec = Max, V| = 2.7V 20 pA
[ Low Level Input Current Vcc = Max, V| = 0.4V —0.36 mA
los Short Circuit Ve = Max DM54 —20 —100 mA
Output Current (Note 2) DM74 —20 ~100
lcch gt?gllx sc::gint with Vec = Max 18 a6 mA
lcoL Supply Current with Vec = Max 33 6.6 mA
Outputs Low

Switching Characteristics at Ve = 5V and T4 = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter CL = 15pF CL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 4 18 6 18 ns
tPHL Propagation Delay Time
High to Low Level Output 8 " 5 8 ns

Note 1: All typicals are at Vgg = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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Semiconductor

DM54LS12/DM74LS12 Triple 3-input NAND Gates
with Open-Collector Outputs

General Description Pull-Up Resistor Equations
This device contains three independent gates each of which _ Ve (Min) — Vo
performs the logic NAND function. The open-collector out- L N1 (lor) + Nz ()
puts require external pull-up resistors for proper logical op-
eration. a _ Vge (Max) = Vor
MN T oL = Na (1)
Where: N1 (Ior) = total maximum output high current for all
outputs tied to pull-up resistor
Nz (iq) = 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

ps]
£

Connection Diagram Function Table
Dual-In-Line Package Y =AB
Vee 0 Y1 3 83 A3 Y3 Inputs Output
14 13 IIZ 1 10 Ig Ia A B [} 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

” i 25 X = Either Low or High Logic Level

1 2 3 4 5 6 1

Al B A2 B2 c2 v2 GND
TL/F/6351-1
Order Number DM54LS12J, DM54LS12W,
DM74LS12M or DM74LS12N
See NS Package Number J14A, M14A, N14A or W14B
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Absolute Maximum Ratings (Note)

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

Supply Voltage v
Input Voltage v
Output Voltage v

Note: The “Absolute Maximum Ratings" are those values
beyond which the safety of the device cannot be guaran-
teed. 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.

Operating Free Air Temperature Range

DM54LS
DM74LS

Storage Temperature Range

—55°Cto +125°C

0°Gto +70°C

—65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter DmS4LS12 DM741S12 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4,75 5 5.256 \'
ViH High Level Input Voltage 2 2 \'J
ViL Low Level Input Voltage 0.7 0.8 \
VoH High Level Output Voltage 5.5 5.5 \
loL Low Level Output Current 4 8 mA
TA Free Air Operating Temperature —55 125 0 70 °C

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

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vi Input Clamp Voltage Vece = Min, || = —18 mA -1.5 v
IcEX High Level Output Vec = Min, Vo =565 -
Current VL = Max 100 KA
VoL Low Level Output Vce = Min, IgL = Max DM54 0.25 0.4
Voltage ViH = Min DM74 0.35 05 v
loL = 4 mA, Vge = Min DM74 0.25 0.4
Iy Input Current @ Max Voe = Max, vV, = 7V 04 mA
Input Voltage
iH High Level input Current Vce = Max, v, = 2.7V 20 pA
e Low Level Input Current Veo = Max, V) = 0.4V —0.36 mA
lcch Supply Current with Vg = Max
Outputs High 0.7 1.4 mA
lcoL Supply Current with Vee = Max 18 33 mA
Outputs Low

Switchlng Characteristics atvcs = 5V and T = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
Symbol Parameter CL = 15pF CL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 6 20 20 48 ns
tPHL Propagation Delay Time
High to Low Level Output 8 15 4 20 ns

Note 1: All typicals are at Vg = 5V, T = 25°C.
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54LS13/DM74LS13
Dual 4-Input Schmitt Trigger

General Description

This device contains two independent gates each of which
perform the logic NAND function. Each input has hysteresis
which increases the noise immunity and transforms a slowly
changing input signal to a fast changing jitter free output.

Connection Diagram

Dual-In-Line Package
./

! 14vee
2 13
N 12
4 L ne
5
8
N

TL/F/10166-1
Order Number 54LS13DMQB, 54LS13FMQB,
54LS13LMQB, DM74LS13M or DM74LS13N
See NS Package Number E20A,
J14A, M14A, N14A or W14B
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Absolute Maximum Ratings (ote)

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

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. 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.

Supply Voltage v
Input Voltage A%
Operating Fres Air Temperature Range
54LS —55°Cto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range

—65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter 54818 DM74L.513 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \']
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current —0.4 —-0.4 mA
loL Low Level Output Current 4 8 mA
TA Free Air Operating Temperature —55 125 0 70 °C

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

Symbol Parameter Conditions Min (Ng: 1) Max Units
V) Input Clamp Voltage Vec = Min, || = —18 mA -1.5 \'
VoH High Level Output Vee = Min, loy = Max, 548 2.5 Vv
Voltage ViL = Max DM74 2.7

VoL Low Level Output Vce = Min, lg. = Max, 54LS 0.4
Voltage Vig = Min DM74 0.5 v

loL = 4 mA, Vgg = Min DM74 0.4

| Input Current @ Max Ve = Max, V) = 10V 0.1 mA
Input Voltage

H High Level Input Current Vce = Max, V| = 2.7V 20 pA

[ Low Level Input Current Vcc = Max, V| = 0.4V —0.4 mA

los Short Circuit Voe = Max 54LS —20 —100 mA
Output Current (Note 2) DM74 —20 —100

lccH Supply Cu!'rent with Vge = Max 6.0 mA
Outputs High Vin = GND

lcoL Supply Current with Ve = Max 7.0 mA
Outputs Low ViN = OPEN

Ve ";gfclag\;neoﬁ?/lglgtage Voo = #50V 15 2.0 v

Vr- Negative-Going Voc = +5.0V 0.6 1.1
Threshold Voltage

V14 — V- Hysteresis Voltage Voe = +5.0V 0.4

IT+ Inpyt Current at Positive- Vec = +5.0V,V|y = V14 ~0.14* mA
Going Threshold

Ir— lnppt Current at Negative- | Voo = +5.0V,V|y = V1— -0.18* mA
Going Threshold

*Typical Value

Note 1: All typicals are at Vgg = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.

2-24




€1s1

Switching Characteristics
Voo = +5.0V, Tp = +25°C (See Section 1 for test waveforms and output load)

Ry = 2kQ,C_ = 15pF
Symbol Parameter 54LS DM74 Units
Min Max Min Max

tpLH Propagation Delay Time

5
Low to High Level Output 22 2 ns

tPHL Propagation Delay Time

30
High to Low Level Output &7 ns

2-25



LS14

National
Semiconductor

54LS14/DM74LS14 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 hyster-
esis which increases the noise immunity and transforms a
slowly changing input signal to a fast changing, jitter free
output.

Connection Diagram

Dual-In-Line Package
Vee AB ] A5 Y5 A4 va

kel

R
Al Y1 A2 Y2 A3 Y3 GND

Order Number 54LS14DMQB, 54LS14FMQB,
54LS14LMQB, DM74LS14M or DM74LS14N
See NS Package Number E20A, J14A, M14A, N14A or W14B

Function Table

Y=A
Input Output
A Y
L H
H L

H = High Logic Level
L = Low Logic Level

TL/F/6353-1
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Absoluie Maximum Ratings (note)

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

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The

visi

Supply Voltage 7V parametric values defined in the “Electrical Characteristics”
Input Voltage 7v table are not guaranteed at the absolute maximum ratings.
. i The “Recommended Operating Conditions” table will define
Operating Free Air Temperature Range the conditions for actual device operation.
5418 —55°Cto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter S4Ls14 DM74L514 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
VT4 Positive-Going Input

Threshold Voltage (Note 1) 1.5 1.6 2.0 1.4 1.6 1.9 v
Vr— Negative-Going Input

Threshold Voltage (Note 1) 0.6 0.8 11 05 0.8 1 v
HYS Input Hysteresis (Note 1) 0.4 0.8 0.4 0.8 "
loH High Level Output Current —-0.4 -0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

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

i Typ
Symbol Parameter Conditions Min (Note 2) Max Units
Vi Input Clamp Voltage Vece = Min, | = —18 mA -1.5 v
VoH High Level Output Ve = Min, loy = Max 54LS 25 3.4 v
Voltage ViL = Max DM74 2.7 3.4
VoL Low Level Output Vcc = Min, lgL = Max 54L8 0.25 0.4
Voltage ViH = Min DM74 0.35 05 v
Vce = Min, lp. = 4 mA DM74 0.25 0.4
I+ Input Current at Voo =5V, V| = V14 DM74 014 mA
Positive-Going Threshold ’
[ Input (.Durrent. at Voe = 5V, V| = V1 DM74 048 mA
Negative-Going Threshold
] Input Current @ Max Ve = Max, V| = 7V DM74
Inout Volt 0.1 mA
nput Voltage Voo = Max, V) = 100V | 54LS
H High Level Input Current Vee = Max, V| = 2.7V 20 pA
e Low Level Input Current Ve = Max, V) = 0.4V -0.4 mA
los Short Circuit Voo = Max 54LS -20 —100
Output Current (Note 3) mA
P DM74 | —20 -100
lccH Supply Current with Vece = Max
Outputs High 86 16 mA
lccL Supply Current with Vee = Max 12 24 mA
Outputs Low

Note 1: Vcc = 5V.
Note 2: All typicals are at Vcg = 5V, Tp = 25°C.
Note 3: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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Switching Characteristics atvgc = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter CL = 15pF CL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 5 22 8 25 ne
tPHL Propagation Delay Time
High to Low Level Output 5 22 10 3 ns
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54LS15/DM74LS15
Triple 3-Input AND Gate
with Open-Collector Outputs

General Description

This device contains three independent gates, each of
which perform the logic AND function. The outputs are
open-collector.

Connection Diagram

Dual-In-Line Package

\/

=3
IS

1
2 13
3 12
4 11
5 10
6
oND-L

TL/F/10167-1

Order Number 54LS15DMQB, 54LS15FMQB,

DM74LS15M or DM74LS 15N

See NS Package Number J14A, M14A, N14A or W14B
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Absolute Maximum Ratings (Note)

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

Supply Voltage v
Input Voltage 4
Operating Free Air Temperature Range

54LS —55°Cto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—65°Cto +150°C

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. 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.

Recommended Operating Conditions atvec = +5.0v, Ta = +25°C

Symbol Parameter 541815 DM74L515 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 45 5 55 4.75 5 5.25 \
ViH High Level Input Voltage 2 2 v
ViL Low Level Input Voltage 0.7 0.8 v
VoH High Level Output Voltage 5.5 5.5 \"
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
\ Input Clamp Voltage Voo = Min, [j = —18 mA -15 \
VoL Low Level Output Ve = Min, lgL = Max, 54LS 0.4
Voltage ViH = Min DM74 0.5 v
loL = 4 mA, Vgg = Min DM74 0.4
Iy Input Current @ Max Voc = Max, V) = 10V
0.1 mA
Input Voltage
[T} High Level Input Current Vec = Max, V) = 2.7V 20 pA
i Low Level Input Gurrent Vec = Max, V) = 0.4V —-0.4 mA
loH High Level Ve = Max, Vo = 5.5V
Output Current 100 KA
lcch Supply Current with Vcc = Max, Viy = OPEN
. 3.6 mA
Outputs High
lcoL Supply Current with Vin = GND
Outputs Low 66 mA

Note 1: All typicals are at Vgg = 5V, Ty = 25°C.
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Switching Characteristics
Voe = +56.0V, Tpo = +25°C (See Section 1 for test waveforms and output load)

RL = 2kQ
Symbol Parameter Co = 15pF Units
Max
54LS DM74
tpLH Propagation Delay Time
Low to High Level Output 24 20 ns
tPHL Propagation Delay Time 18 14 ns

High to Low Level Output
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National
Semiconductor

54L.S20/DM54LS20/DM74LS20 Dual 4-Input NAND Gates

General Description Features
This device contains two independent gates each of which B Alternate Military/Aerospace device (54LS20) is avail-
performs the logic NAND function. : able. Contact a National Semiconductor Sales Office/

Distributor for specifications

Connection Diagram
Dual-In-Line Package
Vee 02 c2 NC B2 A2 Y2
IIA 13 12 1" 10 9 8

1 2 la 4 5 6 | 7
Al 81 NC c D1 \2 GND
Order Number 54LS20DMQB, 54LS20FMQB, 54LS20LMQB,
DM54L.S20J, DM54LS20W, DM74LS20M or DM74LS20N
See NS Package Number E20A, J14A, M14A, N14A or W14B

TL/F/6355-1

Function Table
Y = ABCD

Inputs Output

<

I XXX|>»
IXrXX|m
IXXrX|O
IXXXr|O
FIIII

H = High Logic Level
L = Low Logic Level
X = Either Low or High Logic Level

2-32



Absolute Maximum Ratings (ote)

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

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

DM54LS and 54LS —55°Cto +125°C

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. 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.

DM74LS

0°Cto +70°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter DMS4LS20 DM74LS20 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 45 5 5.5 4.75 5 5.25 \"

VIH High Level Input Voltage 2. 2 v

ViL Low Level Input Voltage 0.7 0.8 \

loH High Level Output Current —-0.4 —-0.4 mA

loL Low Level Output Current 4 8 mA

Ta Free Air Operating Temperature —55 125 0 70 °C

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

Typ
Symbol Parameter Conditions Min (Note 1) Max Units
\7 Input Clamp Voltage Vee = Min, |} = —18 mA —-1.5 Vv
VoH High Level Output Vee = Min, loy = Max, DM54 2.5 3.4 v
Voltage ViL = Max DM74 2.7 3.4
VoL Low Level Output Vce = Min, lo = Max, DM54 0.25 0.4
Voltage ViH = Min DM74 0.35 0.5 v
loL = 4 mA, Vgc = Min DM74 0.25 0.4
I Input Current @ Max Vce = Max, V) = 7V
Input Voltage 0.1 mA
iH High Level Input Current Vce = Max, V) = 2.7V 20 nA
L Low Level Input Current Ve = Max, V) = 0.4V —0.36 mA
los Short Circuit Vee = Max DM54 —20 —100 mA
Output Current (Note 2) DM74 —20 -100
lccH Supply Current with Vce = Max
Outputs High 0.4 08 mA
lcoL Supply Current with Voe = Max 1.2 22 mA
Outputs Low ) i

Switching Characteristics at v = 5V and Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter CL = 15pF CL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 3 10 4 15 ns
tPHL Propagation Delay Time
High to Low Level Output 8 10 4 15 ns

Note 1: All typicals are at Vgc = 5V, Ty = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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National
Semiconductor

54L.S21/DM54LS21/DM74LS21 Dual 4-Input AND Gates

General Description Features
This device contains two independent gates each of which B Alternate Military/Aerospace device (54LS21) is avail-
performs the logic AND function. able. Contact a National Semiconductor Sales Office/

Distributor for specifications.

Connection Diagram

Dual-In-Line Package
vIc 02 c2 Ne B2 A2 Y2

1L 13 12 n 10 9 8

1 2 3 4 § 6 7

Al B1 NC c1 01 \2 GND
TL/F/6356-1
Order Number 54LS21DMQB, 54LS21FMQB, 54LS21LMQB,
DM54LS21J, DM54LS21W, DM74LS21M or DM74LS21N
See NS Package Number E20A, J14A, M14A, N14A or W14B

Function Table

Y = ABCD
Inputs Output
A B c 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

2-34




Absolute Maximum Ratings (ote)

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

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range
DM54LS and 54LS —55°Cto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range —65°C to +150°C

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. 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.

Recommended Operating Conditions

Symbol Parameter DMS4L.S21 DM74LS21 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \"

ViH High Level Input Voltage 2 2 \

ViL Low Level Input Voltage 0.7 0.8 \"

loH High Level Output Current —-04 —-0.4 mA

loL Low Level Output Current 4 8 mA

Ta Free Air Operating Temperature —55 125 0 70 °C

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

. Typ .
Symbol Parameter Conditions Min (Note 1) Max Units
\ Input Clamp Voltage Vo = Min, |y = —18 mA —-1.5 Vv
VoH High Level Output Vce = Min, loq = Max, DM54 2.5 3.4 v
Voltage ViH = Min DM74 2.7 3.4
VoL Low Level Output Vee = Min, lgL = Max, DM54 0.25 0.4
Voltage ViL = Max DM74 0.35 0.5 v
loL = 4 mA, Vgg = Min DM74 0.25 0.4
Iy Input Current @ Max Vece = Max, V) = 7V 0.1 mA
Input Voltage
Iy High Level Input Current Vee = Max, V) = 2.7V 20 pA
liL Low Level Input Current Vec = Max, V) = 0.4V —0.36 mA
los Short Circuit Vce = Max DM54 —20 —100 mA
Output Current (Note 2) DM74 —20 —100
lccH Supply Current with Vce = Max
Outputs High 12 24 mA
lcoL Supply Current with Vce = Max 2.2 44 mA
Outputs Low

Switching Characteristics at v = 5vand T4 = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter C_ = 15pF CL = 50 pF Units
Min Max Min Max
teLH Propagation Delay Time
Low to High Level Output 4 8 6 18 ns
tpHL Propagation Delay Time
High to Low Level Output 3 " 5 18 ns

Note 1: All typicals are at Vgc = 5V, Ty = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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National
Semiconductor

54LS22/DM74L.S22

Dual 4-Input NAND Gate
(with Open-Collector Output)

General Description

The 'LS22 contains two independent NAND gates, each

with four data inputs.

Connection Diagram

Dual-In-Line Package

4

Veo
13

NC

GND

N oo fon I fe I |

12

SANYY

10
=

TL/F/10168-1

Order Number 54LS22DMQB, 54LS22FMQB,
DM74LS22M or DM74LS22N
See NS Package Number J14A, M14A, N14A or W14B
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Absolute Maximum Ratings (ote)

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

Supply Voltage 7v
Input Voltage 4%
Operating Free Air Temperature Range

5418 ~55°Cto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—65°Cto +150°C

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. 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.

Recommended Operating Conditions

Symbol Parameter 541522 DM74LS22 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 45 5 5.5 475 5 5.25 Vv
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
VoH High Level Output Voltage 5.5 5.5 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min (NK: 1) Max Units
\ Input Clamp Voltage Voo = Min, I = —18 mA -1.5 Vv
w |
VoL Low Level Output Vce = Min, gL = Max, 5418 0.4
Voltage ViH = Min DM74 05 v
loL = 4 mA, Voo = Min DM74 0.4
I Input Current @ Max Ve = Max, V) = 5.5V 01 mA
Input Voltage
iH High Level Input Current Vee = Max, V| = 2.7V 20 pA
he Low Level Input Current Vcc = Max, V| = 0.4V —0.4 mA
lccH Supply Current Vcc = Max, Viy = GND 0.8 mA
Outputs High
lcoL Supply Current Vcoe = Max, Viy = Open 2.2 mA
Outputs Low

Note 1: All typicals are at Vog = 5V, Ty = 25°C.
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LS22

Switching Characteristics
at Voo = +5.0V, Ta = +25°C (See Section 1 for test waveforms and output load)

Ry = 2kQ,C = 15pF

Symbol Parameter Units
Min Max
tPLH Propagation Delay Time 20 ns
Low to High Level Output
tPHL Propagation Delay Time 24 ns
High to Low Level Output
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National
Semiconductor

54L.S26/DM74LS26 Quad 2-Input NAND Gates
with High Voltage Open-Collector Outputs

General Description Pull-Up Resistor Equations
This device contains four independent gates each of which _ Vo (Min) — Vou
performs the logic NAND function. The open-collector out- Rmax = N1 (lon) + Nz (i)
puts require external pull-up resistors for proper logical op-

eration. _ Vo (Max) — Vo
These gates feature high-voltage output ratings (up to 15V) RmiN = loL — Na ()

for interfacing with 12V systems. Although the outputs are

ere: { = total maximum output high current for
rated for 15V, the device supply is still rated for 5V. Where: N1 (lon) & maxi output Mg °

all outputs tied to pull-up resistor

N2 () = 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

Connection Diagram

Dual-In-Line Package

Vee B4 A4 Y4 83 A3 va
lm 17 12 " 10 3 8

1 lz |3 4 5 6 |7
At Bl % A2 82 V2 GND

TL/F/6358~1
Order Number 54LS26DMQB, 54LS26FMQB, DM74LS26M or DM74LS26N
See NS Package Number J14A, M14A, N14A or W14B

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

H = High Loglc Leve!
L = Low Logic Level
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LS26

Absolute Maximum Ratings (Note)

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

Supply Voltage N
Input Voltage A"
Output Voltage 15V
Operating Free Air Temperature Range
5418 —55°Gto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safely of the device cannot be guaran-
teed. 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.

Symbol Parameter 54Ls26 DM74LS26 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 475 5 5.25 \"
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \'
VoH High Level Output Voltage 15 15 \"
loL Low Level Output Current 4 8 mA
TA Free Air Operating Temperature —55 125 0 70 °C

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

Symbol Parameter Conditions Min (N:¥: 1) Max Units
Vi Input Clamp Voltage Vee = Min, |j = —18 mA -1.5 \"
lcEx High Level Output Veoe = Min Vo = 15V 1000 wA
Current ViL = Max Vo =12V 50
VoL Low Level Output Vee = Min, loL = Max 5418 0.4
Voltage Vi = Min DM74 0.35 0.5 v
loL = 4 mA, Ve = Min DM74 0.25 0.4
] Input Current @ Max Vce = Max, V) = 5.5V 0.1 mA
Input Voltage
I High Level Input Current Vee = Max, V| = 2.7V 20 nA
M Low Level Input Current Vce = Max, V| = 0.4V 5418 —0.40 mA
DM74 —0.36
lcch gt:'rt)glll); s(;:;;nt with Ve = Max 0.8 16 mA
lccL Supply Current with Vce = Max 24 44 mA
Outputs Low

Switching Characteristics atvcc = 5V and T = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ,C = 15pF
Symbol Parameter Max Units
54LS DM74
tPLH Propagation Delay Time
Low to High Level Output 27 32 ns
tPHL Propagation Delay Time
High to Low Level Output 18 28 ns

Note 1: All typicals are at Vgg = 5V, Ta = 25°C.
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Semiconductor

54L.S27/DM54L.S27/DM74LS27
Triple 3-lnput NOR Gates

General Description Features
This device contains three independent gates each of which B Alternate Military/Aerospace device (54LS27) is avail-
performs the logic NOR function. able. Contact a National Semiconductor Sales Office/

Distributor for specifications.

Connection Diagram

Dual-In-Line Package
Vee (4] Y1 c3 B3

A3 v3
I 14 In 12 11 10 | 9 |s

1 2 3 4 5 6 1

Al 81 A2 B2 c2 Y2 GND

Order Number 54LS27DMQB, 54LS27FMQB, 54LS27LMQB,
DM54LS27J, DM54LS27W, DM74LS27M or DM74LS27N
See NS Package Number E20A, J14A, M14A, N14A or W14B

TL/F/6359-1

Function Table
Y=A+B
Inputs Output
A B Y
L L H
L H L
H L L
H H L

H = High Logic Level
L = Low Logic Level
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Ls27

Absolute Maximum Ratings (ote)

If Military/Aerospace specified devices are required, Note: The “Absolute Maximum Ratings”
please contact the National Semiconductor Sales beyond which the safety of the device «
Office/Distributors for availability and specifications. teed. The device should not be operated 2t i
Supply Voltage v parametric values defined in the “Elecliiv::

table are not guaranteed at the absolis 1

Input VfJItage . Ad The “Recommended Operating Corditios:.
Operating Free Air Temperature Range the conditions for actual device operatici.
DMS54LS and 54LS —55°Cto +125°C
DM74LS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter DMS54L827 Du7ALS27 . i
Min Nom Max Min Nom | |
Vce Supply Voltage 4.5 5 55 4.75 5 5.2% i
Viy High Level Input Voltage 2 2 o !
ViL Low Level Input Voltage 0.7 S ; .
loH High Level Output Current -0.4 oo
loL Low Level Output Current 4 o 5o
TA Free Air Operating Temperature —55 125 0 o I

Electrical Characteristics over recommended operating free air temperature range (unless ofiuivi . o 1 .

Symbol Parameter Conditions Min (N'Hg 1 [
\ Input Clamp Voltage Vec = Min, || = —18 mA )
VoH High Level Output Ve = Min, loy = Max, DM54 2.5 3.4
Voltage ViL = Max DM74 | 27 3.4
VoL Low Level Output Ve = Min, lg. = Max, DM54 0.25 )
Voltage Vi = Min DM74 0.35
loL = 4 mA, Voo = Min DM74 0.256
I Input Current @ Max Vcc = Max, V| = 7V o '
Input Voltage N
i High Level Input Current | Vg = Max, V) = 2.7V §
i Low Level Input Current | Vg = Max, Vj = 0.4V C0os |
los Short Circuit Ve = Max DMss | —20 TR
Output Current (Note 2) DM74 _20 TR
lccH Supply Current with Vce = Max 5 . !
Outputs High : ;
lcoL Supply Current with Vce = Max 34 oo
Outputs Low ’ !

Switching Characteristics at v = 5v and Ta = 25°C (See Section 1 for Test Waveforms and £ -

RL = 2kQ L
Symbol Parameter C_L = 15pF CL = 50pF L
Min Max Min Max
tPLH Propagation Delay Time
8
Low to High Level Output 8 18 5 1__
tpHL Propagation Delay Time 3 10 4 i ]
High to Low Level Output ) |

Note 1: All typicals are at Vcg = 5V, Ta = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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Semiconductor

54L.S28/DM74LS28
Quad 2-Input NOR Buffer

General Description

The 'LS28 contains four independent gates each of which
perform the logic NOR function.

Connection Diagram

Dual-In-Line Package

—/

A

I:
<
8

[~
(2

=ikl

-y
o

I\l olw:n o o |

[C0 o

GND

TL/F/10169-1
Order Number 54LS28DMQB, 54LS28FMQB, 54LS28LMQB,
DM74LS28M or DM74LS28N
See NS Package Number E20A, J14A, M14A, N14A or W14B
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LS28

Absolute Maximum Ratings (ote)

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

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. 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

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

54LS —55°Cto +125°C

DM74LS

Storage Temperature Range

the conditions for actual device operation.

0°Cto +70°C

—65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter 54Ls28 DM741.528 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 45 5 5.5 4.75 5 5.25 \
ViH High Level Input Voltage 2 2 \
ViL Low Level input Voltage 0.7 0.8 v
loH High Level Output Current -1.2 -1.2 mA
loL Low Level Output Current 12 24 mA
TA Free Air Operating Temperature —-55 125 0 70 °C
Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)
Typ "
Symbol Parameter Conditions Min (Note 1) Max Units
\ Input Clamp Voltage Vec = Min, [} = —18 mA -1.5 \"
VoH High Level Output Vec = Min, oy = Max, 54LS 25
\
Voltage ViL = Max DM74 27
VoL Low Level Output Vce = Min, lg. = Max, 5418 0.4
Voltage ViH = Min DM74 05 v
loL = 12mA, Vgc = Min DM74 0.4
[} Input Current @ Max Vce = Max, V) = 10V 0.4 mA
Input Voltage
IH High Level Input Current Vee = Max, V| = 2.7V 20 pA
i Low Level Input Current Vce = Max, V| = 0.4V —-0.4 mA
los Short Circuit Vce = Max 54LS —30 —130 mA
Output Current (Note 2) DM74 —_30 —130
lccH Supply Current with Vce = Max
Outputs High 36 mA
lcoL Supply Current with Vcc = Max 13.8 mA
Outputs Low

Note 1: All typicals are at Vcc = 5V, Tp = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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Switching Characteristics
at Voo = +5.0V, T = +25°C (See Section 1 for test waveforms and output load)

RL = 2kQ
Symbol Parameter CL = 15pF Units
Min Max
tPLH Propagation Delay Time 20 ns
Low to High Level Output
tPHL Propagation Delay Time 20 ns

High to Low Level Output
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LS30

National
Semiconductor

54L.S30/DM54LS30/DM74LS30

8-Input NAND Gate

General Description Features

This device contains a single gate which performs the logic B Alternate Military/Aerospace device (54LS30) is avail-
NAND function. able. Contact a National Semiconductor Sales Office/

Distributor for specifications.

Connection Diagram

Dual-In-Line Package
Vee NC H G NC NC

v
IM In 12 n Im Ia la

L

1 2 3 4 5 6 |7

A B c 0 E F

Order Number 54L.S30DMQB, 54L.S30FMQB,
54LS30LMQB, DM54LS30J, DM54LS530W, DM74LS30M or DM74LS30N
See NS Package Number E20A, J14A, M14A, N14A or W14B

TL/F/6360-1

Function Table
Y = ABCDEFGH
Inputs Output
AthruH Y
All inputs H L
One or More H
Input L

H = High Logic Level
L = Low Logic Level
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Absolute Maximum Ratings note)

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

Supply Voltage N
Input Voltage v
Operating Free Air Temperature Range

Note: The “Absolute Maximum Ratings"” are those values
beyond which the safety of the device cannot be guaran-
teed. 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.

DM54LS and 54LS

DM74LS

Storage Temperature Range

Recommended Operating Conditions

—55°Cto +125°C

0°Cto +70°C

—65°Cto +150°C

Symbol Parameter DMS4LS30 DM74LS30 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 v
ViH High Level Input Voltage 2 2 \
Vi Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current —0.4 —-0.4 mA
loL Low Level Output Current 4 8 mA
TA Free Air Operating Temperature —55 125 0 70 °C

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

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
' Input Clamp Voltage Voe = Min, || = —18 mA -1.5 \
VoH High Level Output Ve = Min, oy = Max DM54 2.5 3.4 v
Voltage ViL = Max DM74 2.7 3.4
VoL Low Level Output Vce = Min, lg. = Max DM54 0.25 0.4
Voltage ViH = Min DM74 0.35 0.5 v
loL = 4 mA, Vgc = Min DM74 0.25 0.4
Iy Input Current @ Max Vece = Max, V) = 7V 0.1 mA
Input Voltage
11} High Leve! Input Current Vee = Max, V) = 2.7V 20 rA
L Low Level Input Current Vco = Max, V| = 0.4V —0.4 mA
los Short Gircuit Vee = Max DM54 -20 —100 mA
Output Current (Note 2) DM74 —20 ~100
lcch Supply Current with Vee = Max
Outputs High 0.35 0.5 mA
lccL Supply Current with Vce = Max 0.6 14 mA
Outputs Low
Switching Characteristics atvc = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)
RL = 2kQ
Symbol Parameter CL=15pF CL = 50 pF Units
Min Max Min Max
tpLH Propagation Delay Time
Low to High Level Output 4 12 5 18 ns
tPHL Propagation Delay Time
High to Low Level Output 4 5 5 20 ns

Note 1: All typicals are at Vg = 5V, T = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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LS32

National
Semiconductor

54L.S32/DM54L.S32/DM74LS32
Quad 2-Input OR Gates

General Description Features

This device contains four independent gates each of which M Alternate Military/Aerospace device (54LS32) is avail-

performs the logic OR function. able. Contact a National Semiconductor Sales Office/
Distributor for specifications.

Connection Diagram

Dual-In-Line Package
V¢ B4 A4 Y4 B3I A3 Y3
J1e |3 frz 11 Jo s |s

ESJES

1 2 s 4 5 s |7
At Bt Y1 A2 B2 Y2 GND
TL/F/6361-1

Order Number 54L.$32DMQB, 54LS32FMQB, 54LS32L.MQB,
DM54LS32J, DM54LS32W, DM74LS32M or DM74LS32N
See NS Package Number E20A, J14A, M14A, N14A or W14B

Function Table
Y=A+B

Inputs Output
Y

IrIr|w
IITIr

A
L
L
H
H

H

igh Logic Level

H=
L = Low Logic Leve!
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Absolute Maximum Ratings (Note)

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

Supply Voltage N
Input Voltage v
Operating Free Air Temperature Range

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. 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.

DM54LS and 54LS

DM74LS

Storage Temperature Range

—55°Cto +125°C

0°Cto +70°C

—65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter DMS41.532 DM741.532 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \"
ViH High Level Input Voltage 2 2 Vv
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current —-0.4 -0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

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

Symbol Parameter Conditions Min (N-g: 1 Max Units
Vi Input Clamp Voltage Voc = Min, || = —18 mA —-1.5 \
VoH High Level Output Vce = Min, loy = Max DM54 2.5 3.4 v
Voltage ViH = Min DM74 27 3.4
VoL Low Level Output Ve = Min, gL = Max DM54 0.25 0.4
Voltage ViL = Max DM74 0.35 05 v
loL = 4 mA, Vgc = Min DM74 0.25 0.4
I Input Current @ Max Vee = Max, V| = 7V 04 mA
Input Voltage )
liH High Level Input Current Vee = Max, V) = 2.7V 20 pA
R Low Level Input Current Vce = Max, V) = 0.4V —0.36 mA
los Short Circuit Vec = Max DM54 —20 —100 mA
Output Current (Note 2) DM74 —20 —100
lccH Supply Current with Vce = Max
Outputs High 81 6.2 mA
lcoL Supply Current with Vcc = Max
Outputs Low 49 98 mA

Switching Characteristics at Vg = 5vand To = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter CL = 15pF CL = 50pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 8 " 4 15 ns
tPHL Propagation Delay Time
High to Low Level Output 8 " 4 1’ ns

Note 1: All typicals are at Voo = 5V, T = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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LS33

National
Semiconductor

54L.S33/DM74LS33
Quad 2-Input NOR Buffer with Open-Collector Outputs

General Description

This device contains four independent gates each of which
perform the logic NOR function. Outputs are open-collector.

Connection Diagram

Dual-In-Line Package

-/

1 14
2 15
= E.&
4 11
] 10
i Es_
GND—7 8

TL/F/10170-1
Order Number 54LS33DMQB, 54LS33FMQB, DM74LS33M or DM74LS33N
See NS Package Number J14A, M14A, N14A or W14B
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Lenlivaurn Ratings (Note)

£€S1

. pae specified devices are required, Note: The "Absolute Maximum Ratings” are those values
tiwe [lational Semiconductor Sales beyond which the safely of the device cannot be guaran-

..v fur availability and specifications. teed. The device should not be operated at these limits. The
7v parametric values defined in the “Electrical Characteristics”

7v table are not guaranteed at the absolute maximum ratings.

The “Recommended Operating Conditions” table will define

w the conditions for actual device operation.

4 1emperature Range
—55°Cto +125°C
0°Cto +70°C

2L Range —65°Cto +150°C

.3l Operating Conditions

Parameter 54LS33 DM74LS33 Units
Min Nom Max Min Nom Max

‘ Lt Voliage 4.5 5 5.5 4.75 5 5.25 \"

Ll l;vel Input Voltage 2 2 \

: svel Input Voltage 0.7 0.8 \"

% ;ig_;_l}i..a\zel Output Voltage 5.5 5.5 \
: r v1 Level Output Gurrent 12 24 mA
! -3 Air Operating Temperature —55 125 0 70 °C

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

\ N . Typ
“di i t:
! N Puiaeter Conditions Min (Note 1) Max Units
'E oo Clanip Voltage Vce = Min, || = —18 mA —-1.5 \
I o = Mi =
L Tmn Level Output Vce = Min, Vo = 5.5V, 100 pA
| ront Vi = Max
vobe Vce = Min, IgL. = Max, 54LS 0.4
A Vin = Min DM74 05 v
N loL = 12mA, Ve = Min DM74 0.4
AR v:‘u.‘rent @ Max Voo = Max, V= 7V 0.4 mA
s Mullage
+ wvel Input Current Vee = Max, V) = 2.7V 20 pA
. w revel Input Current Vce = Max, V| = 0.4V —0.4 mA
L Current with Ve = Max
P s High Viy = GND 36 mA
' « vy Gurrent with Vcc = Max 138 mA
s i Low Vin = Open

§oowotVgg = BV, T = 25°C.

Ginracteristics atVgs = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Parameter CL = 15pF Units

Min Max

Propagation Delay Time

Low to High Level Output 22 ns

Propagation Delay Time

High to Low Level Output 22 ns
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LS37

National
Semiconductor

54L.S37/DM74LS37
Quad 2-Input NAND Buffers

General Description

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

Connection Diagram

Dual-In-Line Package
Vee B4 A4 va 83 A3 Y3

14 13 12 L 10 9 8

=

1 |2 |3 4 5 6 |7
Al 81 V1 A2 B2 2 GND

TL/F/6362-1
Order Number 54LS37DMQB, 54LS37FMQB, 54LS37LMQB,
DM74LS37M or DM74LS37N
See NS Package Number E20A, J14A, M14A, N14A or W14B

Function Table
Y =AB
Inputs Output
A B Y
L L H
L H H
H L H
H H L
High Logic Level

H
L = Low Logic Level
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Absolute Maximum Ratings (Note)

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

Supply Voltage N
Input Voltage
Operating Free Air Temperature Range

54LS

DM74LS
Storage Temperature Range

N

—55°Cto +125°C
0°Cto +70°C

—65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. 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.

Symbol Parameter 54L837 DM74LS37 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 45 5 5.5 4.75 5 5.25 \
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current -1.2 -1.2 mA
loL Low Level Output Current 12 24 mA
Ta Free Air Operating Temperature —55 126 0 70 °C

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

Typ
Symbol Parameter Conditions Min (Note 1) Max Units
Vi Input Clamp Voltage Vec = Min, |} = —18 mA -1.5 \
VoH High Level Output Vec = Min, loy = Max 5418 2.5 v
Voltage ViL = Max DM74LS | 27 3.4
VoL Low Level Output Vee = Min, lgL = Max 54LS 0.4
Voltage Vin = Min DM74LS 0.35 0.5 v
loL = 12mA, Vgc = Min 0.256 0.4
I Input Current @ Max Vcc = Max, V) = 10V (54LS) 0.1 mA
Input Voltage V| = 7V (DM74LS) '
[T} High Level Input Current Vece = Max, V) = 2.7V 20 pA
M Low Level Input Vcec = Max, V| = 0.4V 54LS —-0.40 mA
Current DM74LS —0.36
los Short Circuit Vee = Max 54LS —-30 —130 mA
Output Current (Note 2) DM74LS —20 —100
lccH Supply Current with Ve = Max
Outputs High 0.9 2 mA
leoL Supply Current with Vce = Max
Outputs Low 6 12 mA
Switching Characteristics atvqc = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)
54LS DM74LS
_ Cp = 150 pF,
Symbol Parameter CL = 50pF Ry = 6670 Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 20 4 18 ns
tPHL Propagation Delay Time
High to Low Level Output 20 4 21 ns

Note 1: All typicals are at Voc = 5V, To = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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LS38

National
Semiconductor

54L.S38/DM54L.S38/DM74LS38

Quad 2-Input NAND Buffers
with Open-Collector Outputs

General Description

This device contains four independent gates, each of which
performs the logic NAND function. The open-collector out-
puts require external pull-up resistors for proper logical op-
eration.

Features

m Alternate Military/Aerospace device (54LS38) is avail-
able. Contact a National Semiconductor Sales Office/
Distributor for specifications.

Pull-Up Resistor Equations
Ve (Min) — Vo

R =
MAX ™ N1 (lor) + Nz (1)

_ Vec (Max) — VoL

loL — N3 (D
Where: N (lon) = total maximum output high current for all
outputs tied to pull-up resistor
N2 (Iiy) = total maximum input high current for all
inputs tied to pull-up resistor

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

RmiN

Connection Diagram

Dual-In-Line Package

Vee 84 A4 v4

Im 13 12

83 Al Y3

1

2 |z

Al

1 2 A2 B2 v2

TL/F/6363-1

Order Number 54LS38DMQB, 54LS38FMQB, 54LS38LMQB,
DM54LS38J, DM74LS38M or DM74LS38N
See NS Package Number E20A, J14A, M14A, N14A or W14B

Function Table
Y=

Inputs

Output

Y

ITIXIrr|>
IrIr|®

rIIXI

H = High Logic Level
L = Low Logic Level
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Absolute Maximum Ratings (Note)

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

Supply Voltage v
Input Voltage N
Output Voltage v
Operating Free Air Temperature Range

DM54LS and 54LS —55°Cto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. 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.

Symbol Parameter DM54LS38 DM74LS38 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4,75 5 5.25 \
ViH High Level Input Voltage 2 2 \"
ViL Low Level Input Voltage ‘0.7 0.8 Vv
VoH High Level Output Voltage 55 5.5 \
loL Low Level Output Current 12 24 mA
TA Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics over recommended operating free air temperaturs range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vi Input Clamp Voltage Ve = Min, || = —18 mA -1.5 v
lcEx High Level Output Vce = Min, Vg = 5.5V
Current VL = Max 250 KA
VoL Low Level Output Vece = Min, I = Max DM54 0.25 0.4
Voltage ViH = Min DM74 0.35 05 v
loL = 12mA, Vgc = Min DM74 0.25 0.4
1 Input Current @ Max Vee = Max, V| = 7V 0.4 mA
Input Voltage
IH High Level Input Current Vce = Max, V) = 2.7V 20 BA
IR Low Level Input Current Vce = Max, V) = 0.4V —0.36 mA
lccH Supply Current with Vcc = Max
Outputs High 0.8 2 mA
lcoL Supply Current with Ve = Max 6 12 mA
Outputs Low

Switching Characteristics at Ve = 5V and Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 667Q
Symbol Parameter CL = 45pF CpL = 150 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 22 8 ns
tPHL Propagation Delay Time
High to Low Level Output 22 29 ns

Note 1: All typicals are at Vg = 5V, Tao = 25°C.
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LS40

Y] National
Semiconductor

54L.S40/DM74LS40
Dual 4-Input NAND Buffer

General Description

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

Connection Diagrams

Dual-In-Line Package

e
2 13
Ne=3 12
4 LRI
5 1o
5 o
GND] 8

TL/F/10171-1
Order Number 54LS40DMQB, 54LS40FMQB, 54LS40LMQB, DM74LS40M or DM74LS40N
See NS Package Number E20A, J14A, M14A, N14A or W14B
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Absolute Maximum Ratings (Note)

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

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The

ors

Supply Voltage 7v parametric values defined in the “Electrical Characteristics”
input Voltage v table are not guaranteed at the absolute maximum ratings.
X i The “Recommended Operating Conditions” table will define
Operating Free Air Temperature Range the conditions for actual device operation.
5418 —55°Cto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter 54LS40 DM74LS40 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 A"
VIH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current -1.2 -1.2 mA
loL Low Level Output Current 12 24 mA
TA Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
' Input Clamp Voltage Vee = Min, I = —18 mA -1.5 v
Von High Level Output Vce = Min, lopy = Max, 5418 25
Voltage ViL = Max v
9 i DM74 27
VoL Low Level Output Vce = Min, lgL = Max, 54LS 0.4
Voltage ViH = Min DM74 05 v
loL = 4 mA, Voo = Min DM74 0.4
] Input Current @ Max Vce = Max, V) = 10V 01 mA
Input Voltage
I High Level Input Current Voc = Max, V) = 2.7V 20 nA
IR Low Level Input Current Vce = Max, V| = 0.4V —-1.6 mA
los Short Circuit Voo = Max 54LS —-30 —-130
mA
Output Current (Note 2) DM74 —30 —130
lccH Supply Current with Vee = Max, Viy = GND
I 1.0 mA
Outputs High
lcoL Supply Current with Ve = Max, Viy = OPEN
6.0 mA
Outputs Low

Note 1: All typicals are at Vg = 5V, T = 25°C.
Note 2: Note more than one output should be shorted at a time, and the duration should not exceed one second.
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Switching Characteristics

Vec = +5.0V, Ta = +25°C (See Section 1 for test wiwwiv, . i

Symbol Parameter
tPLH Propagation Delay Time

Low to High Level Outpu‘i o
tPHL Propagation Delay Time

High to Low Level Outpu_g, N




National
Semiconductor

54L.S42/DM54LS42/DM74LS42 BCD/Decimal Decoders

General Description

These BCD-to-decimal decoders consist of eight inverters
and ten, four-input NAND gates. The inverters are connect-
ed in pairs to make BCD input data available for decoding
by the NAND gates. Full decoding of input logic ensures
that all outputs remain off for all invalid (10-15) input condi-
tions.

Features

u Diode clamped inputs

| Also for applications as 4-line-to-16-line decoders; 3-
line-to-8-line decoders

| All outputs are high for invalid input conditions

m Alternate Military/Aerospace device (54LS42) is avail-
able. Contact a National Semiconductor Sales Office/
Distributor for specifications.

Connection Diagram Function Table
Dual-In-Line Package BCD Inputs Decimal Qutputs
INPUTS ouTPUTS No.
— DCBA|O 123456789
Vee A B c D 7
w L e ln le lu Lo Lo O|L L LLLHHHHHHHIHIH
1L LLHHLHHHHHHGHH
2L LHLHHLHHHHHIHIH
3L LHHHHHLHHHHIHIH
4|/LHLLHHHHLHHHIHIKH
5(LHLHHHHHHLHHIHH
6 |LHHLIHHHHHHLHIHH
7|{LHHHHHHHHHHLHH
TTT T . 8|/HLLL/HHHHHHHHLH
O 30 N (O CO R B G 9 HLLHHHHHHHHHHL
S v 2 3 4 e o '{lHLHLHHHHHHHHHH
ouTPUTS v|/HLHHHHHHHHHHHH
TL/F/6365-1 HHLLHHHHHHHUHGEHMH
Order Number 54LS42DMQB, 54LS42FMQB, A HHLH/HHHHHHMHUHMHH
DM54LS42J, DM54LS42W, DM74LS42M or DM74LS42N LIHHHLIHHHHHHHGHEHH
See NS Package Number J16A, M16A, N16E or W16A "'"HHHHIHHHHHHHHHH
D
H = High Level
L = Low Level
Logic Diagram
s i —E:)oﬂ-omwro
INPUT A P
(2)
| E A = OUTPUT 1

—\@
(= :l_)o-— ouTPUT 2

(4)
r= =|._)°_ OUTPUT 3

- (5)
_Jl_)o— OUTPUT 4

14) B
eyt g4 ’
B

(6)
OUTPUT §

13 C
INPUT G -
c

7_._)0(1001'901'6

: )(9) 7

(10)

—

12) D
INPUT D 12) $
D

(1)
OUTPUT 9

TL/F/6365-2
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LS42

Absolute Maximum Ratings (Note)

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

Supply Voltage ™
Input Voltage v
Operating Free Air Temperature Range

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. 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 Conditio